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Preface to the Series 

The RIKEN BNL Research Center (RBRC) was established in April 1997 
at Brookhaven National Laboratory. It is funded by the "Rikagaku 
Kenkyusho" (RIKEN, The Institute of Physical and Chemical Research) of 
Japan. The Center is dedicated to the study of strong interactions, including 
spin physics, lattice QCD, and RHIC physics through the nurturing of a new 
generation of young physicists. 

The RBRC has both a theory and experimental component. At present 
the theoretical group has 4 Fellows and 3 Research Associates as well as 11 
RHIC PhysicsAJniversity Fellows (academic year 2003-2004). To date there are 
approximately 30 graduates from the program of which 13 have attained tenure 
positions at major institutions worldwide. The experimental group is smaller 
and has 2 Fellows and 3 RHIC PhysicsEJniversity Fellows and 3 Research 
Associates, and historically 6 individuals have attained permanent positions. 

Beginning in 2001 a new RIKEN Spin Program (RSP) category was 
implemented at RBRC. These appointments are joint positions of RBRC and 
RIKEN and include the following positions in theory and experiment: RSP 
Researchers, RSP Research Associates, and Young Researchers, who are 
mentored by senior RBRC Scientists. A number of RIKEN Jr. Research 
Associates and Visiting Scientists also contribute to the physics program at the 
Center. 

RBRC has an active workshop program on strong interaction physics 
with each workshop focused on a specific physics problem. Each workshop 
speaker is encouraged to select a few of the most important transparencies from 
his or her presentation, accompanied by a page of explanation. This material is 
collected at the end of the workshop by the organizer to form proceedings, 
which can therefore be available within a short time. To date there are sixty-six 
proceeding volumes available. 

The construction of a 0.6 teraflops parallel processor, dedicated to lattice 
QCD, begun at the Center on February 19,1998, was completed on August 28, 
1998 and is still operational. A 10 teraflops QCDOC computer in under 
construction and expected to be completed this year. 

N. P. Samios, Director 
November 2004 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886. 
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Outline 

Goal for RHlC pp RUN 5 
Machine goals 
RHlC pp projections 

Machine status 
Status 

Timeline 
RUN Plan 

Set-up: 2 weeks 

Ramp-up 

Physics run 

Physics data taking starts at the end of the setup 

Improve the machine performance 

Machine tuning saturates 

y_pp--_/_..__^_/ 

Machine developments for the future 
--__. I -*.."---- -- Iw__ 
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RUN 5 Goal 

w 

U Physics data taking 
RHIC Machine developments 

Spin tune measurement 
Explore pp accelerating beyond 100 GeV towards 
250 GeV 
Spin flipping commissioning 
Establish injection with both snake and spin rotators 
on at full field 

AGS cold snake commissioning 

Oct. 8, 2004 RHIC Spin Collaboration Meeting 
Torino, Italy 



RHIC pp Run 5 projection 
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Machine Parameters 

RHIC 
~ _ _ _ _  

AGS 
Energy ut injection 24.3 Energy at injection 

Energy at extraction 

Imperfection spin 
resonance 

GeVfu 

GeVlc Energy at Store 100.2 GeVlc 

Warm snake 6 8 1012 2 4 clock Interaction points 

p* at injection 10 10 10 10 10 10 4 strong Intrinsic spin 
resonances at 
O+Qy, 12+Qy, 3 6 4 y  
and 
36-Qy 

m 

p* at store 1 1 10 10 3 10 m Ac dipole 

Working points 
Inj & ramp: (28,73,28.72) 
Store: (28.69, 29.68) 

DC 

Ramp up after store 

Snakes current 

Spin rotator current 

Experimental magnets STAR, PHENIX: on DC 
from inj. to top 

No correction All the other spin 
resonances At injection: 100 kV 

ramp: 300 kV 
At store: 300 kV 

RF accelerating cavities 

No rebucketing RF storage cavities 

Oct. 8, 2004 RHIC Spin Collaboration Meeting 
Torino, Italy 
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Machine Status 

New survey was done along the ring and 
confirmed an additional 2mm sinking in lP12 
between year 2002 and year 2004 

~~ 

Measured elevation changes (2004 data - 2002 data) 

Oct. 8, 2004 RHIC Spin Collaboration Meeting 
Torino, Italy 



Plans for real 

Realign the quads 
and dipoles around 
IP12 & 2. A total of 
-69 quads+ their 
adjacent dipoles/per 
ring will be involved. 
RHIC survey group 
plans to realign t he  
IP12 first and then do 
IP2 if time allows 

also realign the 
following 4 additional 
quads: 
I1 2QO5,105Q 1 8 
004Q04,005Q09 

~gnment 
_I 

U 
Vl .- 
E 

2.0 

0.0 

-2 ,0 

-4.0 

-6.0 

Vertical misalignment o f  quads 
2004 data 

I I 1 I I 

I I  I I I I I I 

0 1000 2000 

3, m 
3000 4000 
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RHIC polarimeter Status 

Hardware 
Targets will be installed around mid of Oct. 
Silicon detectors will remain unchanged during the 
early part of the run 
A new set of silicon detectors are under testing for 
replacement of the existing detectors during the Physics 
run to minimize the impact of radiation damage on the 
measurement 
25 new WFDs are expected to be delivered before the 
end of Oct. These WFDs will allow one to take 
polarization measurement in Blue and in Yellow at the 
same time 

-___y , ~ 1 1 ~ ~ * ~ ~ - ~  

Oct. 8, 2004 RHIC Spin Collaboration Meeting 
Torino, Italy 
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RHIC Dolarimeter Status 
I - 

software 
WFD software. Still owned by Igo & Dima. GAD has assigned 
an control expert to help Igo & Dima. It will be very beneficial 
for the technology transfer to have Igo & Dima over before 
the Run. 
RHIC polarimeter application 

Provides an user friendly interface 
Consolidate many functionalities which used to require 
several pet page accesses 
Auto-target scan 
Auto-polarization profile measurement 
Auto-entry to eLog 
Transfer the banana plots as well as other quality factors to 
allow one to examine/log the quality of CI particular 
measurement 

Delivery date: end of January of 2005 
p--*.".yl- _1_.11 
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AGS Cold S n a k e  Status:  first cold tests  

Axial Scans: Dipole Terms 
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Plans for AGS Cold Snake 

Preparation for AGS cold snake cryostat has been 
started 
Cold mass into horizontal cryostat around mid of Nov, 
Cryostat is expected to be completed around the 
mid of Dec, 
Cool-down and cold test will get started around 
Christmas time 
System ready to be installed around early 'Feburary 

Oct. 8, 2004 RHIC Spin Collaboration Meeting 
Torino, Italy .. . 
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. .. . . .  . . . .  . . -. . . - ., " ::, .. .. -. .. ~ 

sniption . .-. _ _  ,. .i I . . .  _. .. . ._. :I ._.___._I__._...^,_._.. - .. 
'I I 

Timeline 

RHIC Cu Run 

! 
.. .. . . " .. i j  - -___ . . .- 

I . . . . ,. . . - " _ _ . ^  ___I 

AGS pp setup - 

2-week setup . 

RHIC Jet target installation 
AGS cold snake installation 
l-week ramp up 

8-week Physics Run + 
machine development 

... 



Run Plan: 2-week setup 

Goal: estublish pp collision with reasonable 
po I a r iza t ion 

day shutdown 
Jets target installation 
AGS cold snake installation 
AGS synchro setup 
others 

Establish Injection 
Injection setup 

injection kicker timing, spin pattern eonfirmatioin 
Circulating beam, capturing 
Set the RF frequency based on Bp and adjust the 
dipole field to center the beam 
Rf loop setup 
Orbit, chromaticity & coupling correction 

Oct. 8, 2004 RHIC Spin Collaboration Meeting 
Torino, Italy 



Run Plan: 2-week setup 

BPM, esp. the DX BPMs 
Polarimeter: Blue' and Yellow 
PLL and Schottky 

Energy ramp development 
use similar ramp as Run 4 
Rf loop: Brho loop 
Decoupling along the ramp. Adjust 
tunes/orbits/chromaticities to maximize 
beam/polarization transmission efficiency 
Establish orbit/tune/chromaticity/decoupling at store 
Cogging setup 
Polarization ramp measurement 

--".<- , _I___.-____I__- 
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RUR Plan: 2-week setup 

c3 Rotator ramp development: 6 bunch 
I Establish tunes/chromaticities along the ramp, optimize 

the beam/polarization transmission efficiency 
tm Adjust rf frequency at store to compensate the path 

length difference due to spin rotators 
Establish collisions 

IR steering 
Fine cogging tuning 

56x56 bunch development 
Provide stores for experiments 
Collimator setup 
Vernier scan 

Oct. 8, 2004 RHIC Spin Collaboration Meeting 
Torino, Italy 



Run Plan: 1-week ramp-up 

Goal: improve the polarization as well as luminosity 
Polarization tuning 

Polarization ramp measurement 
Locate the energy where polarization gets lost 
Fine tuning the optics 

Improve the orbit distortion 

Improve the beam transmission efficiency along the 
ramp 

Luminosity tuning 

Oct. 8, 2004 RHIC Spin Collaboration Meeting 
Torino, Italy 



Machine development 

Polarimeter development 

Spin tune measurement 
Explore pp acceleration beyond 100 GeV towards 250 GeV 

Turn-by-turn spin precession measurement 

Spin flipping commissioning 
Establish injection with both snake and spin rotators on at full 
field 

This will allow us to save -7 minutes per store; 

Oct. 8, 2004 RHIC Spin Collaboration Meeting 
Torino, Italy 
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.The solenoid has the cold 
yoke (lower transversal 
field). 

eld i s  inore 
homogeneous and better 

.The solenoid had been 
shipped to BNL and will be 
installed for the 2005 run. 
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The ISMUMF QPPIS superconducting solenoid had been 
shipped to BNL. 
At BNL in preparation for the solenoid arrival the 
operational OPPIS was completely refurbished. 
New support fiame, a Na-jet ionizer power supply system 
was completely rebuilt, a new plumbing and wiring, 
realignment . 
At present, the source is back into operation with the old 
solenoid. A new solenoid will be initially assembled and 
fully tested at the separate test-bench. 



A source layout at the new test bench and 
the Oxford Instr. solenoid. 

. . . . ~ .  . . .  .. . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . - . . . .. ._ . __ . . .. . . . . . .. .- ... . . - . ... . . .. .. 

1 laser 
w 
h, 



w w 
I 

BNL OPPIS very reliably delivers polarized H- ion beam (P = 
80%) for the RJ-IXC spin program.. 

A beam intensity exceeds RHIC limit, which allowed strong beam 

0 

- 

collimation in the Booster, to reduce longitudinal and transverse 
beam emittances. 

- 

he PPIs superconducting solenoid (Oxford Instr.) 
s puchas d to improve bearn intensity and increase 

% value. 

This should provide sufficient intensity and higher polarization 
for the planned RHIC luminosity increase in run 2005. 



w 
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D.Graham, W.Haeberli, A.Kponou, G.Mahler, 
ANass, J.Ritter, T.Wise, KZubets. 

1 . Dissociator design and operation. 
2. Atomic beam intensity measurements and calibrations. 
3 Atomic beam profile measurements. 
4. QMA-quadrupole mass analyzer upgrade. QMA calibration. 
5. H,/ H - ratio measurements at the collision point. 
6. Summary. 
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Operational atomic beam sources for polarized ~ 

* *  

target applications. 
. . .. . . . . .- -. . I 

HEIXNIES- at DESY, Hamburg 
PINTEX- at IUCF, Indiana (moved to IFNF, Italy) 
Cryogenic ABS - Novosibirsk 
EDDA - COSY, Julich 
ANISE -COSY, Julich 
BLAST - MIT? Bates 
H-jet polarimeter - BNL, New-York 

ional polari ed ion sources 
on atomic beam technique. All around the world. 
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rade for -jet measure .-rj . . . a -  
,-̂ ^>.-..-.-. *." 

Original QMA geometry (right). 
Expanded QMA sensitive volume (left). 
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Time -of - flight beam velocity 
and velocity spread 

measurements out of dissociator 

The narrow velocity spread 
is expected from the H-jet 
dissociator (due to long 
cooling "neck"), which can 
be a significant factor in the 
superior H-j et performance. 
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I 

Turbopump failures. 
Frequent dissociator maintenance. 

Improve dissociator operation stability and lifetime 
between services. (Additional heater attached to the col 

the maintenance time fkom 8 to 
Measure atomic beam velocity to get a better accuracy for 
the target thickness. 
Develop diagnostics devices for molecular hydrogen 
component measurements. 
Design and build shutters for the r/a calibration sources. 
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Protons Deuterons 
Imperfection 

resonance 
y *  G = ... 

Intrinsic 
resonance 
G = ... +Qy 

Depolarizing resonances for deuterons 

4000 2 
6- 

-1+ 

3 
7- 1.512 0.841 

O+ 

- 1,871 l 1.155 0 
2.103 1364 8- 

0 
0.5 0.6 0.7 0.8 

Fractional Tune 
0.9 1 

2.217 I 1.469 I I 1+ 
. I  

2.666 I 1.888 I I 9- 

2.776 I 1.992 1 I 2+ 

Q,= 3.60 
-6 c%I 

I 3.215 I 2.411 I 10- 

I 3324 I 2.516 I 3+ 



Methods to preserve polarization 

l e k  Run: 100 S/s HI Res 

. . . . . . . . . .  
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Polarization measurement 
during acceleration 
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00 
0 

FAIIR 
Future Aecelerter Facilities 

=I 012& 1 5 2  GEWU; 238U28* 
.Factor 100.1 000 
over present intensity 
~ 4 [ 2 ) ~ 1 0 l Y ~  30 01%' protons 

SlSlOORlSSOO 1 OIOk *31fU73u Up to 35 GL?V!U 

=Braad range of radioactive 
beams up to 1.5 - 2 GeVIu; 
up to a factor 10 DOD in 
intensity over present 

*Antiprotons S[O} - 3U GeV 

+---4 e -&[RIB) collider 

310) - 15 OeV antipratrins 

=Rapidly cycling 
superconducting magnets 

CR ~ E S R  

4 



00‘ 
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Accelerator R&D work 
Beam Accumulation: magnetized e-cooler (8 MV) 

I stochastic cooling system 

broadband feedback system 
RF cavities, sc magnets 



R General Peatures of Spin Filtering 
1992 Filter Test at TSR in Heidelberg (23 MeV protons) 

u -- 
@+e+p+e) 

00 u Spin Transfer Cross Section 
r Beam Lifetime Estimates 

Op tirnization 
Space-Charge Limit 
Optimum Filtering Energies 

l Beam Transfer to HESR. 
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Fomhunqrrentrum JOlbch 

Momentum 

GeVlc 

Kinetic Imperfection Intrinsic 
energy resonance resonance 
GeV y *  G = ... 7 .  G = ... k Q ,  

2.920 2.129 I I 14- 

3.073 I 2.275 I I -2+ 
3.465 
3,541 
3.617 

2.652 I 15- 
2.725 7 
2.798 I -1+ 

I 
~~ 

4.005 I 3.175 I 16- 

Q ~ 8 . 1 4  Y 

4,.080 I 3.248 I 8 I 

14.172 13.265 19+ 

14.424 13315 28 
14.697 13.789 20+ 
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Polarization Preservation at FAIR 

edieated HESR/AP: 

I quipment : 
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Spin dependent asymmetry (AN) for elastic scattering in very 
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Physics ofpp elastic scattering in very small -t region t 

pp elastic scattering; 
Helicity Amplitudes $ 

Total cross section 

~1 Spin dependent left-right (up- 
down) asymmetry in very small 
-t region 



-t range difficult and the only experiment result is fiom *I i 
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Motivation 

AN in very . .  small -t range is very 
fundamental physics value as qot 
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Very small -t region 30.001 < -t < 0.02 
( GeV/c)2 

Phys. Rev. D 48,3026 (1993) 
8 1  I , 

n 

I 

'beam 200GeV/e 
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How to measure AN ? 
Forward scattered Polarized 

proton beam 

Event yield left-right a 

w 

B 

I During RUN2004,90 good runs (-90 hours) @ 1OOGeV 
0,0015 < It1 < 0,010 (GeV/c)2 1.85 M elasticpp events 

1 1 expect similar statistics for 0.010 < It1 < 0.02 (GeV/c)2 



Elastic event selection ; Kinetics and particle ID 
Blu 

Particle ID ; recoil particle ,forward scattering particle -+ proton ? 
Correlation of 

i 
R) for recoil particle ID 

- - -  - 

Distance 
" "  

Correlation of 
scattering particle ID 

Forward scattering 
particle is proton 
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, 100 GeV AN 
AsU6 I 1 

9 € 
I 

)I 

CI 1.85M elasticpp events 
0.0015 < It1 < 0.01 (GeV/Q2 

0 Y-axis error ; statistical only 

0. Target polarization ; 0.924 +/- 0.018 

0 Left-right yield asymmetry E 

0 statistical error 0.0025 (max) 

0 systematic error 0.0015 for all bins 
I 
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I blue 

Re r5 
.O 

-0.02 

+0.02 

Teoretical function type 
Non-hadron s 3in flip S=O, p=O 

hadron spin flip 6 =0.02, p =-0.08 
Im r5=0, Im r2=0, Re r2=0 

0 -  Analysis in 
- progress - 

- 
i t I I 1 t I t  I I I L  



Summary and Outlook 
During RUN4, we collected 1.85Mpp elastic events of 
1OOGeV beam data 
We have clear AN peak shape of (tJ from 0.0015 to 0.010 
(GeV/c)2 with a precision better than 0.002500.001. 5 for 
each AN data point 

AN analysis high -t (0.01 < -t <0.02) 
AN analysis of 24GeV blue beam 
ANN analysis 

These analysis results will severely constrain 
for poorly known @5 



Backur> Asymmetry of prompt region 
m Am source region 

egion Physics-raw- 

a (0-2 MeV Mean=0.72 MeV, 

0.001 68 +/= I .075*1 04, 
lasymmetry - 

86.5M prompt 
events in 90RUNs) 

0 Am region Phys-raw-asymmetry 0.000574 

(5.0-5.5 MeV Mean7525 MeV, 17.1 M Am 
region events in 9ORUNs ) 

+/- 2.4*10-4 

-Ywn*ma-. &ae*W* *%emLhm.% 

~ 



Missing Mass MX2@ 100 GeV ONLINE data 
7 M 2  P not corrected for the 

W d L  

I 

magnetic field 

FWHM - 0.1 GeV2 

L inelastic (P + 
threshold 

. . e  simulations 

I 

M2, distribution 
80 cm fism target 
convoluted with 
spectrometer 
Resolution 
&kM2,- 0.1 GeV2 

0.7 0.8 -0.9 1 1.1 1.2 1.3 1.4 
n n n 

I l l  I I I I I I I I I I I I I  I MAx (GeV') rot I 

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 MX2[GeV2] 

(sin e, - sin e,, ) 
+ m 2  P Jltl M i  = 

2 ',earn 



!!!!!fa 
10 

Background 
0 a source ;2-4% depends on 

Ch# ( 

energy and width of energy slice 

+Done 

Beam - gas interactions: at 10-9 
torr, - I Q7 atoms I cm3 

+Empty target RUN 

Beam - residual jet-target gas 
interactions 

a source correction I 

Correction factor Measured value 

4 From 90 good RUN ( effective target period is 79.4 hour) and 
"Target+No - beam" 8 RUN, I estimated the ratio of Nproton and "'alpha 
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A, definition ; 

0+ -0 - 
A N  = 

0 + +o- 

- OL+ --OL- - OR+ - OR- Asymmetries from left 
and right detector 

ANL - 4 N R  - 
OL+ +OL- OR+ +OR- 

E ~ ~ E ~ ~ E ~ ~ E ~ ~  PA, are small 
and similar in magnitude 
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Square root formula 

b b 4 NL+ N R -  - J NL- NR+ 
I =  b 

0 

0 .  

By use of this formula, we 
can cancel out the effect of 
E and PA term up to the 
second order ! 

B,, B-; beam intensity 

P,, P-; beam polarization 

dQ,, dQ,; detector solid angle 

21 NL+ N R -  + 4 NL- NR+ 

I=L - PA, 
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Distribution of hits for elastic events. POS.6 .- 
ID 27 
ENTAtES 209590 

n 4U 
E 
F37.5 . . .  . . 

17.5 k 
15 1 - 

-20 -10 0 IO 20 ' -  -20 -10 10 

-37.5 
-40 

- - I 5  ID 3c 
E ENfRlES 170890 €17.5 

-37.5 E- 





where NV(q) =Kg(q~) +Kg(l80-q1) +Kg(l8O+yl) +Kg(360-q) and 
KQ are counts to the ij-polarization combination 

luminosity. 

and Cx is unknown parameter, describing error in the zormalization 



137 



138 



139 - 



140 



c 

=
L
 

141 



cu 1 

'CET 

8 

'143 



L 1 ,  
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' ,  
t >  
i 

scattering at very tow -t range 
, I  

I 

arises mainly from interference between 
and 

nonf l ip  f l i p  + C24e7-n  @had, 
Regge poles IPorneron exchange 

is also sensitive probe to hshronic spin flip ~ ~ p l i ~ ~ ~ @  
2 10/8/2004 Osamu Jinnouchi - RHlC Spin Collaboration Meeting in Turin 
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I (  

elicity amplitude formalism and r -  physics : 

1 ... f ; . .  

Phys. - Rev. - ^_I . Lett., - ___..L_-.. 89,052302(2002) l_l_ ""I 

0.05 f E950 63 BNLAGd 
Analogy to pp helicity amplitude formalism 
pC process bei,ng described by two amplitudes 

F+o(s,t) =< + 0 p q  + 0 > 
F-o(~,t) =< +OlMl - 0 > With hadronic 

Fi = Ffm + ei'F: (i = +0, -0) 

, rEC(t> for pc is 
er 7-5 for pp 

1 - i P p N  p C  
I 7-5 = 5% (t)  1 - ip,c(t) 

AN can be described with two parameters 

nce (E,=NG~v, I OOG~V)? phase? 
-0.1 0 0.1 0.2 1 Rergl Imrg 

Re r5 

101812004 Osamu Jinnouchi - RHlC Spin Collaboration Meeting in Turin 



ctor setup + 
I 

2mm pitch 12 strips 

'""I 

I Wave Form Digitizer (WFD) I 
~~~ 

 OM events / 20sec 
- Pulse Height - Bunch ID 
- TOF - Integral (Q) 

E Online results (to experiments) 

Osamu Jinnouchi - Rt 1 Ol812004 -IIC Spin Collaboration Meeting in Turin 4 



ID -.3 Asymmetry calculation 

Asymmetry calculation Particle ID (banana cut) 
Clear separation from backgrounds 
using TQF measurement AT; -ivi 

ATi + NA 
lvi - NL 1 

c-, N k  -I- ivk 

= - for up spin 

E ) .  = - for down spin 

2 With alternating spin pattern (+,=,, 
square-root formula 

J i @ - d r n  
&N = - Jmt Jm 

non-relativistic kinematics AN = E N / p b e a m  
top = 

+,-) 

1018/2004 Osamu Jinnouchi - RHlC Spin Collaboration Meeting in Turin 5 
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w 
M 
0 

riations in a s y ~ m ~ t ~ y  

Each strip can be considered as 
individual polarimeter 0.004408 rt 4.218-05 

( N i l  - RNf)) ci N i )  $1 = R =  
(A$) + Rlv!)) xi Nf) 

Nc), Ni) Number of carbons in i-th strip for 
Up(Down) spin 

Variations more than statistical 
uncertainties are regarded as 
systematics of the measurement 

Qsys = J- 
ototal = 3.5 x 1 r 4  
g s t a t  - - 2.8 x 1 0 - ~  

Osys 2.1 x 10-~  
4 

the same order of magnitude 
A (N;R N,)/(N,+R Nd) 

8 101812004 Osamu Jinnouchi - RHlC Spin Collaboration Meeting in Turin 
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I 

I 
I 
i 

eV and fit result with theoretical function 

EN (t) A N ( t )  = 
Rers=Q, 1mr5=0 Pbeam 
no hadron spin-flip 

I .2 x I O 9  events are collected 
with P, known from jet-target 

P, = 0.386 & 0.030 
I- :Fit with CNI theory function 

B Major sources for sys errors 

hep-p h/0305085) 

Si dead layer on -f (t 12pg/cm2) 
Propagation from error on P, 
The effects are scaling or shifting 

10/8/2004 Osamu Jinnouchi - RHlC Spin Collaboration Meeting in Turin 12 



A#) comparison between 24GeV vs. I OOGeV 

false asymmetries are known to 
be small in both data sets 

eiZ Omo3 
: 

0.025 - 
- - 
- - - 

0.02 - - 

I 

Raw asymmetry for 24GeV data is available (Not calibrated yet) 
Raw asymmetries at 24GeV are normalized by AN(t) theory fit 
function to E950 

10/8/2004 Osamu Jinnouchi - RHlC Spin Collaboration Meeting in Turin 13 
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Y 

RHIC Proton Polarization measurements I 

. 
I 

I - quick polarimeters used since Run-02 
- determine relative P 
- need A, catibration 

- commissioned at Run44 
- absolute polarization measurement 
- calibrate pC CNI palarimeters 

a Final goal is to achieve dP/P < 5% 

10/812004 Osamu Jinnouchi - RHIC Spin Collaboration Meeting in Turin 16 



+ at 3.9, 6. 9.7 27.7 
momentum transfer -t (GeV2/c2) 

-7 s 
W 

i? 
5 

4 L p = 6.5 GeV 

0 

statistical errors only 

101812004 

recoil Carbon energy (kV)  

Osamu Jinnouchi - RHlC Spin Collaboration Meeting in Turin 17 



c
1
 

0
 

Lo 
cn 
W

 
cn 
>

 

fl 
Q

 

c
 

'I 
z C

 
.- m c a, 
.- Y 8 I 

160 



Strip by strip distribution back up [ 
.. P 

I 

45 degree a sqrt(2) 
Left detectors X -1 

b 

Fit with constant 

0.004429 f 4.247e-05 

% z 0.0021/ 

. .. 

-0.004 

-0.00 
Strips (in Radian) 

Fit with sine curve (Zparameter fit) 
Chisquare improved from I parameter 

10/8/2004 
Osamu Jinnouchi - RHlC Spin Co Sipe la ora t i t ion eeting in Turin 
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Determination of dead I I 
CUI0 
€9 
2 8  
9 
=]ss 

5 
4 
3 
2 

AVERAGE (FL)62.09 (lJ)58.71 
100 

% 9 d d  

a yer from fit 

> f I attop 
Qhjection 

10/8/2004 Osamu Jinnouchi - RHlC Spin Collaboration Meeting in Turin 20 
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Invariant mass distribution in high -f region [ 

contaminations are 
30QOOk , I 

20000 

I Deformations of 
mass distribution 
are due to local 
non-linearity of 
ADCs I 90000 

eoooo ~ o o o o k ~ i ~  i 

not negligible in the 
hi A 25 highest -t region 

Invariant Mass [CeV) 

10/8/2004 Osamu Jinnouchi - RHlC Spin Collaboration Meeting in Turin 22 



I 

j l  L [Invariant mass distribution in regular -t region i I  

1 :  

300-1 I OOkeV (I OOkeV each) 

i 

101812004 

1 Deformations of 
mass distribution 
are due to local 
non-linearity of 
ADCs 

: Nevertheless the 
cuts preferentially 
se I ect carbons 

contaminations are 
negligible even in 
the highest -t region 

i ~ Background 

Osamu Jinnouchi - RHlC Spin Collaboration Meeting in Turin 
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T.L.Trueman. 10/8/04 

Energy Dependence of p p  and pC CNI 
Analyzing Power 

1. Basic formulas 

0 Hadronic proton-carbon scattering amplitude 

For small momentum transfer q 

0 Corresponding I t  Coulomb" amplitudes 

K; = 1.79, the anomalous proton magnetic 
moment and Fem(q) the carbon em form factor. 

1 
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T. L.Trueman 

0 Analyzing power 
10/ 8/ 04 

with 

As usual t = -q2, p p c ( t )  = Re(go(s, t))/Im(go(s, t ) ) ,  
dPc is the Bethe phase and t, = -8rZa/otOt. P C  

Im(go(s, t> / I d g o  (s, 0)  
F: is the hadronic “form factor” equal to 

f ( t )  is calculable by Glauber methods (cf. 
Kopeliovich & Trueman, Phys Rev D 64 034004) 
and so 1 - ZRe[-r(s)] K and ” r m [ ~ ( s ) ]  K can be 
each determined from the raw asymmetry if 

= polarization P is known. Otherwise P enters 
as a common scale factor in each. 

2 
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T.L.Trueman 

2. The Model 
10/8/04 

0 is based on Regge fit to p p  scattering over wide 
energy range (cf. Cudell e t  al) which fixes non-flip 
parameters for the Pomeron (simple or multiple 
pole), a C = -1 vector meson (mainly w) and a 
C = +I tensor meson (mainly fi). 

0 The non-flip amplitude is 

where the functions gR(s)  have enery dependence 
and phase determined by standard Regge theory. 

0 The corresponding flip amplitude is determined 
by three real, energy independent constants 

170 



T. L .Trueman 

so 
10/8/04 

From Berger e t  a l  (1978) the important properties 
of Regge pole contributions are displayed by 

go = Sf+, s s  = g+- 
The two constants in r(21.7) = -0.213 - 0.054i 
determines two relations between the three 
constants r p ,  r f ,  rw 

0 We need one more measurement to  fix their 
values. If one measures the “shape” of the raw 
asymmetry over the CNI region without knowing 
the value o f P  a t  that energyone can obtain the 
needed in formation : 

4 
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T. L.Trueman 10/8/04 

3. Test of the method 

0 The program is then to measure the asymmetry a t  
one energy where the polarization is known, say 
a t  p L  = 21.7 GeV/c, and to measure the shape 
a t  some other energy where the polarization may 
not be known, say p~ = 100 GeV/c. From 
these three numbers one can calculate the three 
numbers rp,rf and rw and thereby, if the model 
is correct, obtain the polarization a t  100 GeV or 
any other energy where the model is valid. 

The numbers for r(21.7) are published and 
preliminary data a t  100 GeV has been reported 
a t  conferences during the past year. From fitting 
this data we find S(100) = -0.052, and with 
this value we can work through this process t o  
get tentative values for the Regge residues. We 
find 

r p  = -0.02 

-0.43 7f - 
7;3 = 0.03 

- 
I 

5 
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T . L.Tr uema n 1 O/ 8/ 04 

0 Using this preliminary data we can also work out 
tentative errors on these values. We will see 
that  only the f spin-flip is significantly non-zero. 
Indeed, the often espoused assumption that the 
Pomeron spin-flip is zero is consistent with this 
determination. 

0 With these values we can tentatively calculated 
the polarization a t  100 GeV in that experiment 
and find 

P = 0.23. 

The fact that this number is about 10% below 
the value measure a t  24 GeV may indicate a 
limitation on this method already. 

The newest 100 GeV data was taken in 
conjunction with the p-jet determination of the 
beam polarization so we have a very accurate and 
absolutely normalized A N .  Here it is along with 
the prediction using the Regge parameters just 
determined and the best fit to the data showing 
the same 10% between the model and the data. 

6 
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Comparison of recently measured AN at RHIC 
(from Osamu Jinnouchi) for pC scattering at 100 GeVlc 
with model prediction (upper curve) and best fit to data 
(lower curve). 

Comparison of recently measured AN at RHIC 
(from Osamu Jinnouchi) for pC scattering at 100 GeVlc 
with model prediction (upper curve) and best fit to data 
(lower curve). 

AN 

5 -t 

Model z = -0.130 -0.053 i 

Best fit z = -0.017 -0.049 i 
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T. L.Trueman 

4. Regge couplings 
10/8/04 

0 Here we give the revised Regge couplings using 
the new 100 GeV data and the shape of the E950 
21.7 GeV data. A new revision is underway using 
the shape of the new 24 GeV data but not yet 
complete. We find 

rp = +.09 

T j  = -0.30 

T W  = 0.19 

0 The next figure shows a comparison between the 
E950 data, the original fit and this prediction. It 
looks pretty good, but examination of the crucial 
peak region again indicates a 10% discrepancy. 
The following figure shows again the original 
error ellipses for the Regge residues with the new 
central values marked with x (errors not worked 
out yet). Agreement is O.K.. The new 24 GeV 
data looks a t  first sight to have a rather different 
shape from the earlier data and this might lead 
to bigger changes. 

7 
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Checking Regge model 

. o  

0 

0 

0 

21.7 GeV data and E950 fit with known 
P(upper) and Regge prediction based on fit to 
100 GeV data and 21.7 GeV shape (lower) 

0. 

0. 

0. 

0. 

new 100 GeV data, best fit with known 
P(1ower) and Regge prediction based on E950 fit 
and 100 GeV shape (upper) 

1 76 



New values of Regge 1=0 spin-flip coupling and the "old1' ellipses 

0 

f 

ZP = 0.09, Tf = -0.30, zo = 0.19 

177 

may require revision with new data 

f 

P 
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T.L.Trueman 10/8/04 

5. New 24 GeV data 

Just last week I was given the preliminary 24 GeV 
data from the latest RHIC run. The polarization 
was not directly measured a t  that  energy so the 
plot shows the raw asymmetry E ,  which is enough 
to determine the shape. If we use this shape, which 
is very ‘different from E950, 

shape950 = -0.048, newshape = -0.036 

the Regge couplings are changed to 

r p  =+.115 

rf = -0.336 

T d  = 0.397 

This determines newP(24) = 0.35. This is a l i t t le 
low given that the nominal polarization a t  100 GeV 
from the jet  is about 0.39, but it could be this low 
(Jinnouchi). 

8 
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New (October 2004) 24 GeV data from RHIC for E(t) 

012: 

.01: 

008: 

006: 

004: 

002; 

0. 

0 

0. 

0. 

0. 

0. 
t . . . . , . . . . . .  - " " " " " " '  -t 0.01 0.02 0.03 0.04 0.05 

best fit for shape = -0.036 
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T.L.Trueman 10/8/04 

We can also use these numbers to  predict the 
analyzing power a t  250 GeV. This is shown for 
two cases : one with the new Regge couplings I jus t  
showed (upper) and the other a first look a t  the 
efFect of the new 24 GeV data. Very l i t t le difference 
here. The corresponding tau values are 

new r ( s )  = 0.015 - 0.0407i 

new new r ( s )  = 0.025 - 0.04273 
Note the zero crossing moves in because the shape 
of the new new fit is larger than the shape of the 
"new" fit. The crossing occurs a t  the t-value when 
f ( t )  in the analyzing power formula, about 20 and 
increasing in the range around 0.04, is equal to 

9 
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Analyzing power predicted for 250 GeV/c: 
upper curve shows prediction prior to newest 24 GeV data, 
lower curve uses the newest data to determine Regge couplings 

AN 

0. 

0. 

0. 

-t 
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6. I = 1 couplings and proton-proton elastic scattering 

0 Because p p  scattering involves the exchange of 
of I = 1 Regge poles, the p and the a2 in 
particular, we cannot simply use the results 
above to make predictions for this case. But  
we can use the beautiful new p-jet data and a 
couple of reasonable assumptions to  achive this. 
We assume (1) a t  these energies the proton- 
proton and neutron-proton unpolarized scattering 
amplitudes are approximately equal and (2) the 
two I = 1 Regge poles are degenerate with the 
corresponding I = 0 Regge pole of the same 
Charge Conjugation parity, C = -1 for w , p  and 
C = +1 for f,a2. Then we can describe p p  
scattering in terms of 3-parameters: r+,r- and 
the pomeron coupling rp .  Since we already know 
r p ,  in some sense, from the pC analysis and we 
can determine two parameters from the real and 
imaginary parts of r obtained by fitting the p-jet 
data,  we are in business. 
I fit the data that Sandro Bravar gave me to 
the standard CNI asymmetry formula. It is much 
simpler for p p  because the functions and the 

10 
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parameters involved are all measured. The only 
uncertainty is the p value a t  this energy which is 
not directly measured, but from fits over a big 
energy range it looks that one can reasonably 
interpolate the value p = -0.082. If you use a 
difFerent value, like 0, you will get a different r. 
I obtain then 

~ p p (  100) = -0.065 - 0.0124i 

and from this and using r p  = 0.09 we find 

TP = +.09 

r+ = -0.324 

r- = 1.06 

I remind for the I = 0 Reggeons 

r p  = +.09 

Tf = -0.30 

= 0.19 

11 
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A N  ~:~:I , , , , , , , , , , , , , , , , , , , 

0.002 0.004 0.006 0.008 0.01 

z from p-jet fit = -0.0625 -0.011 i 

z from E704 fit = 0.185 + 0.024 i 

184 

New p-jet data 
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so the f coupling is not much modified by the a2 

but the the C = -1 is changed by a factor of lo! 
This is not too much of a surprise: the ancient 
fit of Berger e t  a l  shows just such a pattern. 

e Finally, we have also gotten some small-t data 
from the pp2pp experiment, and equipped with 
these couplings we can calculate 

T ( S  = 4 * lo4) = 0.08 - 0.007i. 

The last plot shows pp2pp data from colliding 
beams of protons a t  100 GeV each together with 
calculated AN assuming (a) no hadronic flip-very 
low, (b) model prediction -even lower and (c) 
the best fit which gives an enormous spin-flip of 
T = 1.2 - 0.042i. I don't'know what to make 
of this. All attempts to  estimate a bound on 
this helicity, cf. Buttimore et  al, come up with 
a number of about 0.15. More hard work is 
needed. 

12 
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Analyzing Power for pp2pp at s=2002 

0.061 

0.05: 

0.04: 

AN 0.03: 

0.02: 

O.O1* 0.005 0.01 0.015 0.02 0.025 0.03 -t 

no hadronic spin flip 
Z=O 

0.051 

AN 

0.005 0.01 0.015 0.02 0.025 0.03 -t 

Model predictions 
zP = -0.02 
zP =+OB9 

z= -0.025 - 0.0027 i 
z= +0.076 - 0.0072 i 

0 . o q  

1 , .  . 
0.005 0.01 0.015 0.02 0.025 0.03 -t 

Best fit 
z= -1.2 -0.042 i 
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Summary 

. e New spin f r  ntier fro IC 

e R6le in understan zi n ers 

. tn ar 

ns 

RSC 2004 October 8-9 Torino Nigel.Buttimore@ tcd.ie 2 
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Introduction 

Polarized proton beams facilitate a study 
of the spin dependent amplitudes of p p  
etast ic scattering, part icu larl y 

$+(% 0) 

+-(s,o) o( a a , ( i + p - )  

42(5 ,0)  cC aa,@ + P z )  

4 5 ( 5 , t )  2/-t 

n o t  (i + P )  

with the  definitions, 45 = (qblkqb&/’2 
where ++ here refers t e dQminant 

spin averaged proton proton amplitu 



Proton carbon elastic scattering has 
been successfully used by the E950 
Collaboration as a polarimeter for RHIC. 
Polarized' neutron studies could use 
forward deuteron carbon elastic scattering 
or helium-3 carbon elastic scattering for 
po I a r i m e t  ry. U n d erst a n d i n g the h a d ro n i c 
spin dependence would increase the 
effectiveness of each polarimeter. 

Kopeliovich, Lapidus, YaF 19 (1974) 340 

Bourrely, S o f f e r ,  DW, NP €391 (1974) 386 

NHB, Gotsman, Leader, PR D18 (1978) 694 

Akchurin, NHB, Penzo, PR D51 (1995) 3944 

NHB, BK, EL, JS, TLT, PR D59 (1999) 114010 

NHB, Leader, Trueman, PR D64 (2001) 094021 

JT IA MB BB GB AD .., PRL 89 (2002) 052302 

- 
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litudes 

Introduce ratios of amplitudes relative to 
the dominant imaginary proton proton 

' amplitude lm ++ 

as such ratios are expected to  have a 
variation in t that  is less pronounced near 
the forward direction of scattering. 

RSC 2004 October 8-9 Torino NigeLButtimore @ tcd.ie 5 

1 92 



To first order in small quantities pv Rg, I& 
and Coulomb phase 6, the maximum of 
the pC asymmetry A N  occurs a t  t val 

where t ,  = 87ra/atot near interference. 
The maximum of AN to  first order is 

( P +  6)] 4 rn A,, & 
- d = 7 z  = ( p -  1) 2 

3R5-215 + . O b  

Similar expressions ap ear for the pp 
asymmetry AN but with additi - txmns 
R2I I2I R - ?  I- I ref1 ect i ng the re 
elaborate pp-spin depende 

RSC 2004 October 8-9 Torino Nigel.Buttimore @ tcd .ie 6 



0 A positive value of pI about 0.10 over 
the RHIC energy range, would enhance 
the single spin asymmetry maximum 

l A positive real or .imaginary part of 
the single helicity flip amplitude would 
reduce the maximum of the asymmetry 

It would be helpful to  know more about 
the a ugmen ted he1 ici ty f I i p a m pl it ud es, 
R5 and 1 5 ,  and generally R2, I2, R-, I- 
in the  case of pp elastic scattering. 

The sp n depe plitudes of 
proton proton c I I isions 
accessible from as 
undertaken in the 
both initial polarized = 

RSC 2004 October 8-9 Torino NigeLButtimore @ tcd .ie 7 
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Spin asymmetries 

- t d o  
= dt 

with, a logarithmic slo 
has a singular ex 

where i s 

RSC 2004 October 8-9 Torino Nigel.Buttimore@ t c d k  8 
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For initial protons larized a 
axis, N (normal 

he t exp 

Spin observa bles with bot t i a l  protons 
polarized alon . L  

- have a similar PO er series nsiori in t 

RSC 2004 October 8-9 Torino NigeLButtimore @tcd.ie 9 

196 
.. 



Like A S L ,  t in asym it 
of the initial prot a 
factor an 

+ b N t  + * * *  
n o t  

8n 
- -AN& - a! Q,N 

it is convenient t define an 
u n pol a rized 

I 4  - 
oto t  - e2Bt 

do  
d t  

* -  

the meas The eight ex 
GQ ef  F i cien t s  e as etr 
expa nsio t t 

j = +? - -e 1 2 , 5  

t sl 

RSC 2004 October 8-9 Torino NigeLButtimore @ tcd.ie 10 
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Table I: The expansion coefficients aj 

Observable 

-ASL& 

the sin le helici 
coef f i c i en 

ncidentalf 1 2  = 

RSC 2004 October 8-9 Torino NigeLButtimore @ tcd.ie 11 
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Only the  sin 
ents a 

elastic scatte 
plitudes or 

scatterin with four icit 

Table 2: The expansion coefficients bj 

Observable 

ANNTO 

ALLTO 

-ASL& 

Rz(p + R-) + I 2 ( 1 +  I - )  

~ R - + I - + R $ +  I 2  

RSC 2004 October 8-9 Torino Nigel.Buttimore@ tcd.ie 12 
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Analyzing power 

* The analyzing power for polarized 
protons has a maximum in the Coulomb 
interference momentum transfer region. 

e Spin effects change the value of 
the maximum expected on theoretical 
grounds in the absence of such effects. 

e Many spin dependent terms can be 
obtained from dou le spin asymmetry 
measurements near forward angles. 

a A study of the energy dependence of 
individual terms via nterpolation, or 

RSC 2004 October 8-9 Torino Nigel.Buttimore @ tcd.ie 13 
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through the use of analyticity relations, 
would assist the understanding of their 

ution to  other processes such 
as deuterium or helion carbon elastic 
scattering 

* The dipole magnetic moment of the 
deuteron p d  = 0.8574 is less than the 
proton’s pp = 2.7928 changing t h e  
maximum in the pC analyzing power to 
a small minimum in the dC analyzing 
power near the interference region. 

0 Isolating helicity dependent terms could 
elicit their energy and momentum 
transfer dependence and facilitate the 

erstandi in StrUctUre. 

RSC 2004 October 8-9 Torino NigeLButtimore @ tcd.ie 14 
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S 

. 0 Understanding hadronic spin dependence 
assists polarimetry 

o Change in maximum analyzing power 
a t  interference 

0 Implications for polarized deuteron and 
he1 ion bea ms 

Causality test via analyticity of spin 
dependent amplitudes 

e Measurement of double spin asymmetries 
near forward direction 

RSC 2004 October 8-9 Torino 
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Motivation: Transversity 
0 Measuring Transversity in SIDIS 

transverse momentum dep. functions 
HERMES 
Interpretation of the results 
COMPASS 
Towards a global analysis 
Outlook 

-SPIN Meeting, Torino Transversity measurements in SlDlS 2 



~ e a ~ u r i ~ ~  Transve~sity 

Leading Twist quark distributions 

.Unpolarized quarks in 
unpolarized nucleon 

*Momentum fraction 
of the quarks 

.Related to vector 
charge of the nucleon 

(PS fvfd PS) = 
1 

p x o  - q(x>) 
4 ' -  

r 
0 ; '  , -  

I ,  

*Longitudinally polarized 
quarks in longitudinally 
polarized nucleon 

OHelicity difference 
of the quarks 

RHIC-SPIN Meeting, Torino Transversity measurements in SIDE 3 
T f l  ---..*li-=r - 



L 

0 Helicity flip amplitude 
Chiral odd 
Since all interactions 
conserve chirality one a(x) = q+(.) -4 Q,IIL') - Pflj*(A++,++ + A-+-?+-) 
needs another chiral odd hq(s) = q&) - q-(x) - fT@'(A++,++ - A+-,+-> 

~~~~~~~ = ,.&:i) -- ~~~"~~~~ 

object 

gluons +different QCD 
evolution than Aq(x) 

0 Valence dominated+ 
Comparable to Lattice 
ca I cu I at ions 

0 Does not couple to 

C-SPIN 1 Meeting, Torino Transversity measurements in SIDE 4 



ther chiral odd object in SIDIS 

Cross section factorizes: oepjehX = xqcp+q(x) oQED Dq"h(z) 

I 
P 

and Collins Effect create azimuthal asvmmetries - - _  
d 

RHIC-SPIN Meeting, Torino Transversity measurements in SlDlS 5 



~ i r n ~ t h a ~  A s y ~ ~ e t r i ~ s  

Givers and Collins effect are not distiguishable with longitudinally 
polarized target 

.Higher Twist effects are kinematically favored in longitudinal case 

*With transversely polarized target a 2nd angle allows to distinguish 
I 

t3 
% 

U: unpolarized beam 
T: transversely polarized target 

-SPIN Meeting, Torino Transversity measurements in SIDE 6 



The HERMES ex~erimen~ 

-SPIN Meeting, Torino Transversity measurements in SIDE 7 
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fit both asymmetries 

RHIC-SPIN Meeting, Torino Transversity measurements in SIDE 9 



212 



ila 
-t- 

213 



2 €4 



S
 

.- 

21 5 



.Attractive rescattering of hit quark by 
gluon creates transverse momentum 
.M.Burkardt [hep=ph0309269] - impact 
parameter formalism 
.Orbital angular momentum at finite 
impact parameter 
.observed and true x differ 
.Observable IeWright asymmetry 

..<*. 
ATaken from H. Tanaka in Trento'04 

r" 

I. . . . . . . . . . . . . . . . . . . .J 
't .I ... .r - .. v, c r  .z 

-SPIN Meeting, Torino Transversity measurements in SIDE 14 



.Internal consistency check depending on 
known quantities fulfilled for weighted and The Collins resuits for d,p- and TO 

n unweighted Asymetries within la; 
show an unexpected behavior.. . 
Expectation: u-quark dominance 
Quark distributions 

and AT- 5 0 and IAK- 1 < 1AX" 1 
;!El > Q,&i < Q =a5 AT+ > ATD > 0 .Take unpolarized quantities from 

Parameterizations and sample around 
measured Asymmetries to fill solution space 
in: but 14T' p" AT- g (1 and 1 

B 

P "  R 

4500 
4O0Q 

3600 
3800 
2500 

2oMT 
1500 

16100 
508 

-2 -2.5 -4 -0.5 0 0.5 I 4.5 2 
Taken at xQSM value of 

. Sr = -0.30 of Schweitzer 
qI 

y 0.8 

0.7 

Q.6 

0.5 

0.4 

0.3 

0.2 

tE. s 
B) 

-I 

-2 -4.5 4 4.5 b 9.5 4 q*5 2 
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~ n t e r ~ ~ e ~ a ~ i o ~  of the HERMES C 

? 
I_ Possibfe explanation: f fL  1 &lis = -H,9fav 

" _  

i 

iArtru model 
First % 

hEtads 
infa the 
plane 

' qq pair with - 
.Ir = o+ 
created in string 

110 

100 

so 

-3 I] 3 

140 

12D 

100 

8Q 

8D 

4b 

2b 

0 
-5 Q 5 

RHIC-SPIN Meeting, Torino Transversity measurements in SIDE 16 
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efinitions of C

ollins angle differ by 7c 
from

 H
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First IFF results from HERMES 

OJaffe at al. [Phys. Rev. 
Lett. 80 (1998)] : inv. 
mass behavior out of 
phases hift analysise3sig n 
change at 

Radici et al. [Phys. Rev. 
D65 (ZOOZ)] : Spectator 
model in the I 
+no sign change 

News from COMPASS 

TI? _-.. 1- RHIC-SPIN - I  Meeting, Torino Transversity measurements in SIDE 20 
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 summa^ and ~ u t l o ~ k  

RHIC and eRHlC 

*First observation of a n ~ n t e r u  
n at HERMES 

4ntegrated results frum HERMES 
show sizeable results for fight 

i~~~~ f~~~~~~~~ -f first 
access to quark"s orbital angular 
momentum 

*mure results to be expected in 
the next years 

-SPIN Meeting, Torino Transversity measurements in SIDE 24 
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A.Efremov, JINR, Dubna 

Short comment on HERMES AUT 
Makzns. - _ _  

~ t h e n s b 3 ;  HERMES (prelim.), Collins AUT, 
Seid1,DIS’U fE  = 26.7GeV W > 2GeV, 1 < Q2 < 15GeV2, 

(2) = 0.4, 0.2 < y < 0.85, 0.023 < x < 0.4, 
Phl > 0.4GeV). 

oc 

Transversally polarized proton target. 

A .  E., Goeke, 

EP JC32:337(03) 
Schweitxer Our predictions was: 

A$($*s’(x) vs. HEMES prelirninaly A$!$@+$g)(x) vs. HERMESpreliminary 

0 0.1 0.2 0.3 x 0 0.1 0.2 0.3 x 

.. 

Even sign is wrong for T O !  

A$$$*J(x) vs. HERMESpreliminaly 

0.1 r j  

0 0.1 0.2 0.3 0.4 x 

New problem in spin physics? 
How it could be possible that 

23 1 



0 > A(r0) A ( C ) ?  

aoz 

(D 

0 Charge conjugation and isospin invariance 

Same for D&) 

z&x-dependence factorization 

a(n--> A(slr-) a(n-+) + o ( r )  
A(7r0) = A(n-+)+ 

a(slr+> + a(.rr-). 
or 

A(T') - A(T-) = u[A(T+) - A(T-)] 0 ,  

ab+) 
0 (x+) +a (x-) = 0 that is nonsense! a =  

z&x factorization is under suspicion 
and should be carefully checked! 

232 



Even without A(.*) the suppression of A(;.+) 
is a problem: 

d fav u unf A(T-) oc (hlH1 + 4hlH1 ) should be,< 0 
(i.e. ~ y f  < o), 
while 

gain positive addition hfHyf > O!! 
u fav d unf A(.+> (4hlH1 + h1Hl ) 

Hfav 

D P  Of course one can take smaller 
I 

hU (or smaller 2) U but then we miss understanding 
of AUL! 

0.05 

0 

t 0.05 

0 

0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4 
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Conclusions 

1. We seems understand more complicated AUL 
asymmetries (Collins, Sivers, AUT-contribution, .. .) 

2. We do not understand more transparent 
p&4+4") asymmetry! 
(The HERMES data are however PRELIMINARY!) 

3. More data are waited from COMPASS, CLAS 
and HALL-A experiments. 
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Umberto D’ Alesio 
Physics Department and INFN 

University of Cagliari, Italy 



0 Generalized pQCD approach with :;pin and k-1 -cKect :$ in distribution and 

% fragmentation functions and elementary dynamics; 
a 

0 Conclusions and outlook 

U. D'Alesio (Univ. and INFN, Cagliari) ressian of the Collin 2 
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o Partonic distribution function at L.O. (and twist two) can be interpreted as the in- 
clusive cross section for the process A + a + X .  
T'i ...I * "%: ,- 

< a  

..~. ri- %,. , Ilk. p 1 y &; ,i:y matrix of pna.%r:a.n a 4-+ ax3 the hel a.cat;y 

describes the spin orientation of a particle in i t  
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uration (AB EZ pp):  
enter of mass frame - A along + -axis, 7r in tile xz plane with 

p ,  parallel to +X-axis. SA --? or 4 along Y-axis, SB = 0. 

Quantities to be considered (convoluted): 
c'l Numerator of AN G1 

P 

Denominator of AN (twice the unpolarized cross section) 

U. D'Alesio (Univ. and INFN, Cagliari) 10 
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Torino, h ly ,  8-9 October 2004 

Pa .A J i 1 ~ g ;  different 1 directions. 
Parton helicity amplitudes in p p  c.om frame in terms of hel. amplitudes in partonic 
c.0.m. frame. 
1) Boast along pa -+ pb:  S -+ SI- 
2) Rotation to put P', along Z axis: SI -+ SI' 

Notice: various combinations of "T-odd" effects in (un)polarized cross sections but 
by including proper phases + numerical (VEGAS) integration: 
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A possible diffiactive process -+ > 0.2 
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The polarized proton collider at RHIC provides a unique opportunity to study spin 
physics effects. 
RUN I1 

ity PHENIX measured the single 
arged hadrons near X,=O. 

. 
N 
4 w 

Future RUNS 
her Iuminosity and beam polarization shod 
GeV/c and access the quark- gluon CQ 

surement o f  the Sivers effect. 

IBROOKHAVEN 
N AT1 ON L LAB 0 RAT0 RY 
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Forward no production in hadron collider 
X F  =- 2 4  
6 Q2 N P: 

&=2E, 
0 Z=- E,  

= -ln(tan(--)) E 4 

X g  =%e-qg 
x, = X F  /(z) 

(collinear approx.) 

0 ) probes asymmetric partonic collisions 
1 

h, co 
P 0 - 8  

Mostly high-x valence quark + x 
0.6 

0.4 

0.2 
l <z> nearly constant and high 0.7 - 0.8 

30 40 50 60 
E,(GeV) 

A 
1, 

S pi n2004, A. Og awa( B N L) 
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&pa?? 

Forward no Inclusive Cross Section 

Uncertainty = 17% 

{pr}= 1.5 1.7 1.9 2.1 2.2 G N c  - 
10 

k 0 

*(q)= 3.8 (hep-exl0310058, 
Phys. Rev. Lett. 92 (2004) 171801) 

0 NLO pQCD calculations at fixed 
r\ with equal factorization and 
renormalization scales = pr 

0 Solid and’ dashed curves differ 
primarily in the g + TC 

fragmentation function 
25 30 35 40 45 50 55d 6 0 .  65 

E x (GeV) 

6 Spin2004, A.Ogawa(BNL) 



nucl-ex/0408004 p7% - p ~ c p  Statistical errors only 
7 Spin2004, A.Ogawa(BNL) 

Azimuthal di-hadron correlation 
with large rapidity interval 

Beam View 



Large Analyzing Powers at RHI 

I {pT),= l.(Tl.\ 1.3”1.5 1.8 2.1 2.4 GeVlc 
I I I ,  I I , .  , I , ,  , 

STAR collaboration, hep-exl0310058, 
Phys. Rev. Lett. 92 (2004) 171801 Similar t o  FNAL €704 result a t  4s = 20 GeV 

I n  agreement with several models including 
different dynamics: 

ivers: spin and kL correlation in init-ial 
state (related t o  orbital angular 
momentum?) 

0 Spih dependelice in jet? 

a Heavy f l ~ Y ~ ~ ~ ? ?  
~~~~~~~~~~~~g~ Related to ““gluon saturation”??? 

Spin2004, A.Ogawa(BNL) N 
8 
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negative xF sph 

Blue beam 
i i !  f i 

I &..w&û \.w-- - 
Sort by blue beam spin Sort by yellow beam spin 

P.t.+P? ds=200 GeV 
- is same as 24GeV 0.5,' I I I I ' 1 " ' l  ' I '  1 " ' :  

0.3: 

0.1 

- - - 
0.4: - 

0.2F - 
- 

11 

+ '  ' 

20 40 60 80 



for fo 
Statis 

0.2 

0. I 

0 

-0- 1 

-02 -0-6 -a4  4 

12 

Measurement of A, 
I n I 1. 1 I 

xF and pT range of the data 
p+p -+ X' + X, 4 s  = 288 GeV, <q> = 4.1 . .  

h I 
0 L 

3 - 3 5  1 Correlation between 
1 <pr> und <x,> for 
1 PBL92(2004) 171801 - 

8 
& 

W 
3: 

2.5 - 

2 -  

1.5 - 

1 -  

n c;, 
Bin boundaries for A,, 

I 

I o4 

103 

1 Q2 

10 

1 

:2OOGeV 

:o be non-zero & 
data 

t of negative xp AN 
consistent with zero 

gluon-gluon 

'I' 

Spin2004, A.Ogawa(BNL) 



I Beam Beam Counters at  STAR 
= Icm thick scintillator annulus installed around the beam 
pipe, on the east and west poletips of STAR magnet at 
*3.74m from I R  for detection of 
i 

(no 
in 2 e 1111 e 5 

-7.5m . r-cmfard Pian 
!22tector (RW) 

BBC (East) BBC (West) 

13 

Small hexanonal annulus: 
- Inner (outer) diameter 9.6cm 
(48cm); 
- Covering 3.3<1q(< 5.0 and 0 ~ 0  
e2n 
- 46 PMT - feasible segmentation 

- two bins in q 
- azimuthal 
Top/Bottorn/L e WRigh f 

STAR BeamBeam Counler Schematic 
FrontJiw 
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Conclusions 
Forward hadron production at hadron-hadron collider selects 

high-x (thus high polarization) quark + low-x gluon scatterings 

0 Inclusive cross section is consistent with NLO pQCD 
calculations and PYTHIA(L0 pQCD + parton Showers) 

OF LL9 

! 

Spin2004, A.Ogawa(BNL) 
15 





Leonard Gamberg* 
Division of Science, Penn State Berks 

b s: 
4 

Remarks on Transversity and Spin Structure of Nucleon 
4c Minining Transversity Through Hard Scattering 

Tra n sversi ty i n Azi m ut h a I Asy m met r ies 
arc Reaction Mechanism-Rescattering in T-odd Structure and Fragmentation Functions 
3c Estimates of the Collins and Sivers Asymmetries 
arc Novel Transversity Properties in Hard Scattering 
-k Double T-odd cos 2 4  asymmetry & higher twist 
arc Beam Asymmetry 

Conclusions 

Gary R. Goldstein, Tufts Univ. & Karo Oganessyan formerly INFN-LNF Frascati & Now undisclosed Financial eo., NYC * 

RWlC SPIN Collaboration Meeting INFN, Turin 08-09 0c-t 2084 1 



Introductory Remarks: Transwersity 

Transversity "6q" as combinations of helicity states 

Goldstein & Moravcsik, Ann. Phys. 1976 introduced reveal underlying simplicity spin-dependent 
nucleon-nucleon scattering amps, fa 9 9 )  bet d(s ,  t )  

I N  
\o 
00 

Connection with spin structure of nucleon revealed through the quark distribution 

First moment, tensor charge Jaffe & Ji, PRLA991 Jt (6qa(z) - 6Qa(z)) dx = 6s" 

Lo anOmalOUS dimensions Baldracchini et al Fortsch. Phys. 1981, Artru & Mekhfi, ZPC:1990 

RHlC SPIN Collaboration  in^ INFN, Turin 08-09 Oct 2004 2 



TRANSVERSITY: 
Understood Context Parton Model in IMF 

Light Cone Rep. of “Good” Dirac Spinors (Kogut, Soper PRD:1970) 

$+(E-) = / d 2 k l d k +  >: { bs(k)u(s)e-i“+E- + d:(k)v(s )e ik+‘- }  
s=1,2 

p_t+ = +& 
projector of good + (indept.) and bad - (dept.) light cone spinors 

Instead of diagonalizing free Ha 

h) 
\o 
W 

TRANSVERSITY eigenstates: /9_ = : (1 -4 
‘ 4 1 ~  Projector &T/I commutes with the free-quark Hamiltonian and with P+, is a 

good light cone operator 

RHlC SPIN Collaboration Meeting /NFN, Turin 08-69 Oct 2004 
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TRANSVERSITY BASIS 

Transverse Basis: &/I = (1 “/syL) 

While gl(z) meaning is obscure 

2 
g1(x) = Re-( Pi& I bl(xP) bT(x P) I Pi&) 

X 
b 

in transversity basis 

hl(z) is clearly defined as the probability to find quark with spin polarized 
along transverse spin direction minus oppositely polarized case 

t t 

RWlC SPIN Collaboration Meeting INFN, Turin 08-09 Oct 2004 4 
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Tratlgversity : Lea 

Ca_'cjPBirta:- k! P-"K:IBPt3, Kotzinian NPB:1995, Mulders, Tangermann PLB:1995 

Tra nsversity 
momentum, 

be measured via azimuthal asymmetry 

Pj l t~ .  - hadron transverse momentum 

I azimuth between [ k q ]  and [Phq] planes 

q 5 ~ ,  azimuth of the target spin vector 

Here one considers cross sections differential in 

transverse momentum: SSA is not surpressed by inverse powers of the hard scale, ie in AUT 

quarks in target, and current fragmentation region possess transverse momentum p l  , 1; 4 at  leading twist 

w 

A'= 112 x-112-1 

+ 
RMlC SPIN Collaboration Meeting M W ,  Turin 08-09 Oct 2004 7 
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Experimental status of SSAs 

* Dedicated transversity programs: 

.tg+ C ' T X  DESY( 
pt, -+ T X  RHlC BNL(*STAR). See Talks of A. Ogawa and Les Bland 
CERN(~:~~19.'r;i-~~~~T::":). See Talks a t  SPIN 2004 

), (1999, 2003 ....) See talk of RaIf Seidl 

&i-+ L % X .  See Talks a t  SPIN 2004 

Also, large SSA are observed in P P ~  -+ T X  

€704 Collaboration (1991) 

RHlC SPIN Collaboration Meeting INFN, Turin 08-09 OCA 2004 10 
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Probes the probability that for a transversely polarized target, pions are produced 
asymmetrically about the transverse spin vector: 

e 

-jc See Star and HERMES Data 

RHlC SPIN Collaboration Meeting INFN, Turin 08-09 Oct 2004 
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II 

W 

0 
c 

ontwibuti ns to Asym 

T-odd quark distribution functions, e.g.  f&(zl k l ) ,  hi!-(%, k l ) ,  (Sivers PRD: 1990, 
Anselmino & Murgia PLB: 1995 ...) may exist as leading or higher twist effects due to 
initial/final state interactions or ... 

WFI: I B B P  Boer and Mulders considered asymmetries, due to the presence of leading 
twist T-odd distribution functions, fhk h$- 

T 
x,s oc fl  €3 D1+ -f1@ D1 cos4 

Q 

+ ...  

A130 the Gaae in Drell Yan ... in progress. See talk of Goldstein Trento June 2004, Gamberg 
Marseille HiX Workshop le 
T-odd contribution. 

ist ~ n ~ l ~ ~ ~ ~ .  Also Boer PRD 1999 for leading twist 

RHIC SPIN Collaboration Meeting INFN, Turin 08-09 Oct 2084 14 
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i r  ntributions to imuthai As 
Twist 

COS 2q5 Asymmetry 

A The quark-nucleon-spectator model used in previous rescattering calculations assumes point-like 
n u cl eon-q u a r k-d iq u a r k vertex, I 
Brodsky, Hwang, Schmidt, PLB: 2002; 
Goldstein, L. Gamberg, ICHEP 2002; 
Boer, Brodsky, Hwang, PRD: 2003 

en$, a~~~~~~~~ 

2 
h, 

A ( k t )  = k t  + =(I- z) (--M2 + 2 + ' E) A2 

Asymmetry involves weighted function 

RHIC SPIN Collaboration Meeting INFN, Turin 08-09 Oet; 2004 
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which, multiplied by x at < k? >= (0.5)2 GeV2 and p, = rn, estimates the distribution of Kretter, PRD: 2000 

, .  
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in odel. Supports suggestion that the single-spin 
sin(+ - 4s) Sivers and spin-independent cos24 asymmetries are cIoseIy related in hard scattering 
processes 

b w 
\o 
CI 

T 

2 0 . 3  

e 
-k 3 

%I 

f0.2 

, v ”  

8 

0 
2 

0.1 

0 J I I 

!2 , 0.4 0.6 
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The angles refer to  the lepton pair orientation in their rest frame relative to  the boost direction and 
the initial hadron‘s plane. Asymmetry parameters, A, p,  v, depend on s, x, mpp, 2 qT w 

h, 
h, 

BoerPRD: 1999, Collins SoperPRD: 1977 

Interesting that the cos 24  azimuthal asymmetry depends on the T-odd distribution h f .  

with the convolution integral 

(3) 
26 
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On the Subject of other approachs see Bacchetta, Metz, Yang PLB2004 

Can mass corrections generate necessary phases? 

Must be careful about scales off shellness goes to on shell in deriving mass singularities or colinear 
si n gu la r i t ies. 
Here we confront the “boundary” of non-perturbative physics with PQCD .... 

Q2 log - 
P2 

See new work of Ji, Ma,  Yuan hep-ph/0404183 and Collins and Metz .... 

RHlC SPIN Collaboration Meeting INFN, Turin 08-09 Oct 2004 28 
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-k Bean Asymmetry Est imate of this efFect, Garnberg, Hwang, Oganessyan PLf32004 

“ I  0.01 2 

0.002 1 \ 

AJJJ for n+ production as a function of z and x at  27.5 GeV energy. The dashed and dot-dashed curves correspond to contribution of the first 

and second terms of above equation respectively, and the full curve is the sum of the two 
RHlC SPIN Collaboration Meeting BVFN, Turin 08-09 Oct 2004 30 
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The angular correlations in semi-inclusive DIS are considered from the stan point of “rescattering” 
mechanism which generate T-odd, intrinsic transverse momentum, k l ,  dependent distribution and 
fragmentation functions a t  leading twist 

We have evaluated these functions by modeling the quark, spectator hadron verticies in a quark- 
d iq u a r k- h a d ro n f ra mewor k 
We have evaluated azimuthal and SSA with Gaussian “regularization” in ( k ~ )  and addressed the 

nc 

Analyzed the leading twist contribution to  the cos 2$ azimuthal asymmetries . We considered the 
impact that novel T-odd distribution and fragmentation functions have on transversity of quarks 
within unpolarized nucleon 

We consider the implications that these T-odd distribution and fragmentation functions have in 
Sivers and Collins asymmetries 

Azimuthal asymmetries and SSA measured a t  HERMES and COMPASS and in future JLAB may 
reveal the extent to  which these leading twist T-odd effects are generating the data 

These experiments may point to  the essential role played by quark transverse momentum and 
T.-odd quark distributions and effects of higher twist 

RHIC SPIN Collaboration Meeting M F N ,  Turin 08-09 Oet: 2064 32 
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The pdf's and the f f 's  are phenomenological quantities which have to be obtained 
from experimental observation and cannot be theoretically predicted. The pdf's 
of unpolarized nucleons are now remarkably well known; their kldependence is 

usually assumed to be of a gaussian form, and the average 1 % ~  value can be fixed 
so that it agrees with experimental data. 

When considering polarized nucleons the number of pdf's involved grows and 
dedicated polarized experiments have to be performed in order to isolate and 
measure these functions. We have by now good data on the pdf's of longitudinally 
polarized protons, but nothing is experimentally known on the transverse spin 
distribution. When ta  are taken into account, 

>, which describes the probability density of finding 

many more distribution and fragmentation functions arise, like the fu Ba 

unpolarized partons inside a transversely polarized proton. 

One of the difficulties in gathering experimental information on these new spin and 
kl dependent pdf's and ff's is that most often two or more of 'them contribute 

to  the same physical observable, making it impossible to disentangle them. 



D mesons originate from c or quarks, which a t  LO can be created either via 
qtj -+ cc, or via g g  -+ cc. The elementary cross section for the gluon fusion 
process includes contributions from s, t and u-channels, and turns out to be 
much larger than the qq annihilation cross section, which receives contribution 
from the s-channel alone. Therefore, yg -+ ce 

. Beyond this, the qij -+ cc contribution to the total cross 
section becomes slightly larger than the gg -+ cc contribution, due to the much 
smaller values, a t  large 2, of the gluon pdf, as compared to the quark ones. 

(GeV/c) 
_ _  0.5 1 1.5 2 2.5 3 3.5 4 

." 
0 10 20 30 40 50 60 70 80 90 0 0.2 0.4 0.6 0.8 1 

ED (GeV) XF 



As the gluons cannot carry any transverse spin, the elementary process gg --+ cc 
results in unpolarized final quarks. In the qtj + CE process one of the initial 
partons (that inside the transversely polarized proton) can be polarized; however, 
there is no single spin transfer in this s-channel interaction so that the final c 
and are again not polarized. One might invoke the possibility that also the 
quark inside the unpolarized proton is polarized, so that both initial q and ij are 
polarized: even in this case the s-channel annihilation does not create a polarized 
final c or 3. Consequently, th  fra 

, and there cannot be any Collins fragmentation effect. 

Therefore, transverse single spin asymmetries in ppp -+ D X  can only be gener- 
ated by the Sivers mechanism, namely a spin-kl asymmetry in the distribution 
of the unpolarized quarks and gluons inside the polarized proton, coupled respec- 
tively to the unpolarized interaction process qij -+ ci? and gg -+ cE, and the 
unpolarized fragmentation function of either the c or the t? quark into the final 

observed D meson. 
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So far, al l  analyses and f i ts of the single spin asymmetry data were based on the 
assumption that the gluon Sivers function ANfslpr is zero. RHIC data on AN 
in p t p  -+ D X  will enable us to  test the validity of this assumption. 

Since we have no information about the gluon Sivers function from other exper- 
iments, we are unable to give predictions for the size of the AN one can expect 
to measure a t  RHIC. Instead, we show what asymmetry one can find in t 

: the first being the case in which the gluon Sivers 
function is set to zero, ANfgIp?  (xu, kl,) = 0, and the quark Sivers function 

A N f q l p ? ( x U , k ~ J  is taken to  be a t  i ts  maximum allowed value a t  any xu; the 

f is 9 /P  
second given by the opposite situation, where ANf 
maximized in xu. 

rn 

= 0 and ANf q / $  
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Comments and Conclusions 
_I 

* The observation of the transverse single spin asymmetry AN for D 
mesons generated in p t p  scattering offers a great chance to  study the 
Sivers distribution functions. 

* This channel allows a direct, uncontaminated access to  this function 
since the underlying elementary processes guarantee the absence of any 
polarization in the final partonic state; consequently, 

nn t to influence the measurement. 

* The -+ a t  low and intermediate 
XF offers a unique opportunity to measure the 

$EF 11 



* Intrinsic parton motions play a crucial role and have to  be properly taken 

into account. Adopting a simple model to parameterize the k~ depen- 

dence we have given some estimates of the unpolarized cross section for 

D meson production, together with some upper estimate of the SSA 
in the two opposite scenarios in which either 

or ANfylp' = 0 and ANfPlpT is maximal. Our results 

hold for D = D+,D- ,Do,D . 

~~~~~ i 
N 

-0 

t $1 n * 

* It clearly turns out that any sizeable contributions to the p t p  + D X  

Y sin le s in as mmetr 6 P - Y  at  low to intermediate B D ' ~  or ZF'S would be a 
1 u 

. .  . 
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NEW ANGULAR MOMENTUM SUM RULE 
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1 INTRODUCTION 
Sum rules, relating the total angular momentum of a nucleon to the spin and 
orbital angular momentum carried by its constituents, are interesting and im- 
portant in understanding the internal structure of the nucleon. Indeed it is 
arguable that the main stimulus for the tremendous present day experimental 
activity in the field of spinTdependent structure functions wm the surprising 
result of the European Muon Collaborations polarized DIS experiment in 1988, 
which, via such stim rules, led to what wm called a “spin crisis in the parton 
model”, namely the discovery that the spins of its quarks provide a very small 
contribution to the angular momentum of the proton. 

In a much cited paper, Jaffe and Manohar stressed the subtleties involved 
in deriving general angular momentum sum rules.’ As they point out, too naive 
an approach leads immediately to highly ambiguous divergent integrals, and a 
careful limiting procedure has to be introduced in order to obtain physically 
meaningful results. In this it is essential to work with non-diagonal matrix el- 
ements @, alJ Ip , a) and, this can have some unexpected consequences. Jaffe 
and Manohar comment that to justify rigorously the steps in such a proce 
dure requires the use of-normalizable wave packets, though they do not do this 
explicitIy in their paper. 

%’e show that Me pi?s.uEt.~ en. the litem,fiwe are incovmct, and we have taken 
pains to derive the correct expressions in three different ways, two involving 
explicit physical wave packets and the third, totally independent, based upon 
the rotational properties of the state vectors. Surprisingly it turns out that the 
results are very sensitive to the type of relativistic spin state used to describe 
the motion of the particle i.e. whether a standard canonical (Le. boost, as’ in 
e.g. Bjorken -Drell) state or a helicity state is utilized. 

We present results for the. matrix elements of the angular unoment.um opera- 
tors, valid in an arbitrary Lorentx frame, both for helicity states and canonical 
states. 

We present. a new suul rule for transversely polarized nucleons. 

2 CONTENTS 
We shall discuss: 

1) The origin of the problem 

2) The source of errors in the literature 

2 
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3) Brief summary of our calculations 

4) Comparison of our results with those in the literature 

5) The new sum rule for transversely polarized nucleons 

3 THE ORIGIN OF THE PROBLEM 
In the standard approach one relates the matrix elements of the angular mo- 
mentum operators to those of the energy-momentum tensor TP"(z), which is 
conserved. Typically one deals with expressions like 

M'L"X(z) E zVT'LX(z) - sXTP"(z) (1) 

The angular momentum operators are space integrals of the spatial components 
of these, so we would like to know the structure of the forward matrix elements 

~ o i j  (p, s) E (p, / A M O ~ ~  (=, 0) l p ,  s) (2) 

Le. what is the functional dependence on the momentum and spin label of 
the nucleon. 

We have: 

= 1 d3zzi (p, slTojIp, s) - (i cs j ) .  (3) 

The integral in Eq. (3) is t5taIlg ambigsow, being either infinite or, by symme- 
try, zero. 

The essential problem is to obtain a sensible physical expression, in terms of 
p and s, for the above matrix element. The fundamental idea is to work with 
a non-forward matrix element and then to try to approach the forward limit. 
This is similar to what is usually done when dealing with non-normalizable plane 
wave states and it requires the use of wave packets for a rigorous justification. 

4 THE SOURCE OF ERRORS IN THE LIT- 
ERATURE 

The spin state of the nucleon is labelled by the momentum and the c5vaaiant 
spin vector S. 

3 
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1) The most crucial error in these treatments is the mishandling of the 
matrix elements of a covariant tensor operator. If TPx transforms as a second- 
rank tensor its noa-fornard matrix elements do not trans€oorru CQV~&UI~&. This 
was the motivation, decades ago, for Stapp to introduce M-functions. 

Namely, the covariance is spoilt, for canonical spin states by the Wiper 
rotation, and, for helicity states by the analogous Wick helicity rotation. 

Only by e s t  factoring out the wave-functions (in our case Dirac spinors) i.e. 
by writing 

@I,  S q T q p ,  S) = ab', S I ) P V ( $ , p ) u ( p ,  S). (4) 
does the remaining M-function, in this case 

2) For simplicity S' is chosen equal to S. 
A wave packet is constructed 

(p' ,p) ,  transform covariantly. 

But for physical states q2 = M2 and S.q = 0, so for a superposition of 
physical nucleon states the integration over q is restricted, and this fact is 
ignored. 

The correct way to do it is to build the packet 8s a superposition of physical 
plane waves all with the same rest fmme spin treetor s 

5 OUR CALCULATIONS 
We have used THREE different approaches, all giving the mrne answer: 

1) Relativistic Quantum-Mechunical Diritc particle. 
We construct a wave-function corresponding to a superposition of plane wave 

physica.1 states centered around momentum p ,  all of which have rest-frame spin 
vector s: 

where qo = d w ,  and u(q, s)  is a standard Dirac spinor. 
2) Field Theoretic State 
We construct a wave-packet state 

3) A T ~ t d l y  Independent Method Bused On T5e Rotational Properties Of 

This is the simplest most direct approach. 
States 

4 



a) It does not need wave packets because it does not use the energy momen- 

b) It works for arbitrary spin, and equally well for helicity states or standard 

Let Ip, m) be a state with momemtum p which has spin projection m in the 

Under a rotation about axis-i through an angle p: 

tum tensor. 

canonical OT boost states. 

rest system. 

U[Ri(P)I I P , ~ )  I&(P)P, n)D&(Rwb,P)). (9) 

where U[&(P)] is the unitary operator effecting the rotation and Rw(p,p) is 
the Wigner rotation. 

Since the angular momentum operators are the generators of rotations 

U[Ri(P)l= exp(-iPJd ( 10) 

it is relatively straightforward to derive the matrix elements of the Ji from 
Eq. (9). 

(For helicity states the Wigner rotation is replaced by the Wick helicity 
rot at ion) 

6 COMPARISON OF OUR RESULTS WITH 
THOSE IN THE LITERATURE 

The nicely covariant looking, but alas wrong, form of the expectation value of 
the angular momentum operators given by Jaffe-Manohar is: 

(P, SI s d 3 z ~ o i j  IP, s) I JM 

= 1 M P O  [2PO&30 - p i @ j P o  + pjeOiPa 1 PPSU 
In terms of p and s this leads to  
For standard (e.g. Bjorken-Drell) canonical spin states: 

to be compared with our result 

(Ji) = $si (12) 

Note: In the abovb we have left out terms involving the derivative of a 

In general these are different. However, one may easily check that if 8 = p 
tbw am mf t k  

Because our result Eq. (12) does not look manifestly covariant, we have 

deltsfunction, which vanish for a symmetrical wave-packet. 

the Jaf€e-Manohar value agrees with Eq.(12), while if s I 
~ 

BiBXBf?. 

shown in detail that it does in fact respect Lorentz invariance. 

5 
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7 SUMRULES 
Sum rules, relating the total angular momentum of a nucleon to the spin and 
orbital angular momentum carried by its constituents, are interesting and im- 
portant in understanding the internal structure of the nucleon. 

In order to deal with the massless gluons we need the analogue of Eq. (12) 
for helicity states for which we find a surprisingly different result: 

w, X'IJ~I~, A) = (2432p0 [ x ~ ~ ( P ) G ~ ~ ~ I  (13) 
where 

vz = cos(d) tan(6/2), qg = sin(+) tan(6/2), . 
q z  = 1. (14) 

and (0, q5) are the polar angles of p . 
when 8 = @ is consistent with the much used and intuitive sum rule 

The agreement between our resuIts and those of J-M for canonical spin states 

= 4AE + AG + (LQ) + (LG) ( 15) 
In the case that s I p we find a new sum rule. For a proton with transverse 

spin vector ST we find 

3 = 4 J'd,arPa(z) + (16) 
9. Q 4. g. G 

where L,, is the component of L along S T .  The structure functions AT@(X) I 
K:(z) are known as the quark transversity or transverse spin distributions in 
the nucleon. Note that no such parton model sum rule is possible with the , 
JafTe-Manohar formula because, as p ---f cm, Eq. (11) for i = x,g diverges. 

The result Eq. (16) has a very intuitive appearance, very similar to  Eq. (15). 
Note that the RHS of Eq. (16) is different from the expression for the tensor 

charge (that expression should not be called a s u m  rule since the LHS is not 
known a priori), which involves the difference of the contributions of quaxks 
and antiquarks. In Eq. (16) they are added. 

The structure functions ATqa(z) = hp(a) are most directly measured in 
doubly polarized Drell-Yan reactions where the asymmetry is proportional to  

. 

Ce2~Ar4a(zl)ATP(m) + (1 - 2)l. (17) 
a 

They can also be determined from the asymmetry in semi-inclusive hadronic 
interactions l i e  

where H is a detected hadron, typically a pion, and in SIDE reactions with a 
transversely polarized target 

P + P ( S T )  -H+X 

E + p ( s r ) - + E + H f X .  
The problem is that in these semi-inclusive reactions ATqa(2) always occurs 
multiplied by the largely unknown Collins fragmentation function. 

6 
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8 SUMMARY 
1) The standard derivation of the tensorial structure of the expectation value of 
the angular momentum J ,  for a relativistic spin-s particle, in which the matrix 
elements of the angular momentum operators are related to the matrix elements 
of the energy-momentum tensor, is rendered difficult by the singular nature of 
the operators involved. 

We have shown that the results in the literature are incorrect, and have 
derived the correct expressions in three different ways, two of them based on a 
careful wave-packet treatment of the standard approach, and the third, quite 
independent, based on the known rotational properties of the spin states, which 
circumvents the use of the energy-momentum tensor. All three methods yield 
the same results. 

2) We have shown that, surprisingly, the results for helicity states are very 
different from those for standard canonical spin states. 

3) Using a Foclc-space picture of the proton, we have used our results to 
obtain a new sum rule for a transversely polarized nucleon, which involves the 
transverse spin or transversity distribution A ~ q ( z )  hl(z), and which is similar 
in form to the classic longitudinal spin sum rule. 

7 
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Discussion: Sivers and Collins 
Mechanisms 

M. Anselmino, INFN 

for 
RHIC Spin Collaboration Meeting XXIX 

October 8-9,2004 
Torino, Italy 
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would give access to 

can it be measured? 

Collins function 

f 

One integration less might give less 
suppression to Collins mechanism 
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Discussion: Near-Term (<2 years) 
Experimental Opportunities 

L. Bland, BNL 

for 
RHIC Spin Collaboration Meeting XXIX 

October 8-9,2004 
Torino, Italy 
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Near-Term (<2 years) Experimental Opportunities 
Transverse Spin Measurements at RHIC 

increase statistics for mid-rapidity no, h" AN for p+p at 4 ~ 2 0 0  GeV 

measure AN for p+p+n* + X at BRAHMS at b 2 0 0  GeV. 

di-jet correlations 3 spin-correlated kT measurements. 

begin determination of pT dependence of AN at fixed xF. 

measure AN for 'near-side.' 7c0-h' azimuthal correlations. 
b 

w 
ul 
h, 

Following the recording of 7 pb-1 with 
'beam >0.4 for A,, measurements, 
STAR requested 4 pb-I of p+p collisions 
at ds=200 GeV with transverse 
polarization for run 5. 

possibility of 1-2 day measurements of p+p collisions with 4s 2 400 
GeV during run 5 .  RSC Meeting (Torino) 

October, 2004 
L.C. Bland 
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8 0.6 
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0 

Transverse Single-Spin Asymmetries 

-0.2 

-0.4 
w ul 
VI 

-0.6 

p7 + p -+ z + X (W=19.4 GeV) . .  - ... . .... . ... . ." , . , . . .. ._ ..,. . . 

b 
I .  

! 

- 
I s nomesons = 

3z 
0.4 

4 

4= 
0.0 

0 Total energy 
I 

Collins 
Sivers 

- .- Initial state twist-3 
Final state twist-3 

- 
... - 
- -  

- 

- 

1 
(pT)= 1.0 1.1 1.3 1-5 1.8 2.3 2.4 GeV& 

* 1 . .  L I . r . 1 1  

0-4 0.6 0-8 
-0-20" ' ' ' o;2 ' 

XF 

STAR PRL 92,06230(2004) 

Low energy data (FNAL) show clear differences between n+- and no. At 

Large spin effects reported for no by STAR for 4s = 200 GeV pp collisions 

I higher energies the models used to describe the data differ. 

8 September 2004 BRAHMS Beam Use Proposal 



Analysis Status 

Data are from -5 shifts of pp during 
run-4. 

Normalization accuracy -0.3%. So 
far I believe to be at -0.6% based 
on various tests. This sample will 

w * 
give stat. accuracy of - 1% at 

a x,=.25. IO-20* statistics will be 
sufficient for a measurement of n+ 
an n- up to -.35; Data from Run-4 
should be available at DNP 
meeting. 

(+I 

I BBC live luminosotv I 

BBC(live) I zdc(live) 11818 6.5 

B 

7.5 

7 

8.5 

1 , , 1 1 1 , , , , 1 , ~ , , 1 , , , , 1 , ,  

0 10 20 30 40 50 

17.17 
207.4 I 55 

0 * 

I ~ f f o r ~ ~ u s  I 

0 5 I 0  4 S  20 25 30 35 40 4 

8 September 2004 BRAHMS Beam Use Proposal 



Other considerations 

The request for Run-5 is 2 gb-1 which will give 
the factor 10 advocated in slide before. 
Jaffe pointed out at the PAC that going to a lower 
energy could be of interest in disentangling the 
different effects. 
In addition e.g. running at 50+50 or 62+62 would 
give a nominal coverage up to XF of - 0.6 where 
asymmetries are expected to be Large. 

8 September 2004 BRAHMS Beam Use Proposal 



I XF, vertex range = ( -1 : 1 ) I 
7 - - - - 
8 -  - Nominal coverage for 2.3,4 

and 4 deg in xF-pT space. 

d pMAaceptaneeD0 
Entries 1 
Msanx 33.73 

RMSx 30.28 
Meany 2.067 

RMSy Q.7998 

Actual population at 2.3 
deg during run-4 

8 September 2004 BRAHMS Beam Use Proposal 



w 
v1 
\o 

I 

I positive I negative 
1 pion 1219K 1216K 
lkaon 146K I26K 
I proton I 165K I 17K 

Integrated yields of ns, K 
and proton in xF range 
0.15-0.35 

8 September 2004 

I Rich Mass for 0.15.cxfeO.35 1 

negative at 2.3 deg 

0.2 0.4 0.6 0.8 I 1.2 I, 

BRAHMS Beam Use Proposal 
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utline: 

cleon quark structure 

the Herm periment 

final result on 
W 

for the proton and deuteron 8 

e first direct flavour decomposition of Aq 

e single target+beam-spin asymmetries (longitudinal) 
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resolution 
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RICH: n;, K, p ID within 2<E,<15 GeV 
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[PRL92,2004; hep-ex/0407032, submitted to PRD] 
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ctorisation theorem for hard exclusive processes: 

neralised Parton Distributions 

w 
03 
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GPDs @twist-2: 

quantum number of final state 
selects different G PDs : 

pseudoscalar mesons 
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data distributions background subtracted 
Monte Carl0 - arbitrary normalization [Vanderhaegen,Guichon,Guidal(l999)] 
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probability to detect e and n+ (generated in 4n) with the Hermes detector 



1 

section for ep -r) e'Tc+n 
no LIT separation but 0;. suppressed by I/Q2 and E > 0.8 

. .. 

j p - m ' n  HERMES PRELIMINARY 
1 

. . ;  . .  

R production: 
E'wa 

pseudovector contrib. 
pse udosca la r con t r i b , 

(pion pole related to FJ 

u n d ~ r e ~ t i m ~ t ~  the d 
-3. evaluation of the puwer curredion appears too large 



* dependence 
factorisation theorem : 

O L  = kine factor * lll/fI2 

1 - 
Q4 

spins 

J 
1 

Q2 

fit: l / Q p  

ence in agreement with theoretical expectation 
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eeply virtual Compton scatterin 
ep  -+ e'p' y Bet he-H ei t le I" 

1. Y* I Y  

P + A  

@H ERM ES kinematics: 
c c Bethe-Heitler 

DVCS-BH interference leads to 
non-zero azimuthal asymmetry 
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VCS asymmetries 

-0.2 

-0.4 

-0.6 

Beam Spin Asymmetry 

- 
' x2/ ndf : 11.471 8 
c0 = 0.009 rf. 0.020 (stat) 
cl = 0.059 k 0.028 (stat) 
sl = 0.094 rf. 0.028 (stat) 

- 

" ' " " " ' " l ' ~ " ~ ~ ~ " ~ ~ ~ t ' ~ ~ ~ " ~  

I l l  

P1 + P2 sin $I + P3 sin 241 

P1 = -0.04 * 0.02 (stat) 
P2 = -0.1 8 k 0.03 (stat) 
P3 = 0.00 k 0.03 (stat) 

-0.6 

-Om8 1 <-t > = 0.1 8 GeV2, a,> = 0.1 2, <GI2> = 2.5 GeV2 I 

Beam Charge Asymmetry 

e+'- p + e'p' y 
0 0.6 I 

Y (4,> = 0.1 2 GeV2] 

(An,< 1.7 GeV) e" p -+ e"y X 
- cO+cl cos$+sl sin$ 

t i  

a 
0.4 



st news: BCAvs t 

GPD calculations: 
(1999/02) - 

different parametrisations for H 

3 t-dependence of BCA: high 
sensitivity to model assumptions 

It  (GcV2) 



ement of exclusivi 

w 
\o 
P 

mid 2005: 

+full reconstruction of exclusive events 
with recoiling proton 

DVCS: HERA switches to e- ! 
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Spin Asymmetries for 
ions and J 

University of Regensburg 

brief tour: QCD framework 

results: pions and jets at mid and forward rapidities 

outlook: calculations in the pipeline 



Cross sections relevant for RHIC spin 

main goal of RHIC spin program with longitudinal polarization: 

pin'down al l  aspects of helicity pdfs, in particular the poorly known 

+ study processes with a dominant gluon contribution in LO: 

jets/ hadrons 

I 

prompt photons heavy quarks 

reaction 

p p  -+ jets X 

PP -+ =x 
PP + Y X  

PP -+ QQX 

p p  + WfX 

LO subprocesses 

f qql --3 w 

partons probed 

A41 

9 

Au, Aiz, Ad, Ad 

x-range (q  = 0) 

x 2 0.03 

x 2 0.03 

x 2 0.03 
x 2 0.01 

x 2 0.06 



Perturbative QCD approach for hadron-hadron cross sections 

starting point: exploit universality of pdf's 

-+ way to separate long-distance (= non-perturbative) 

from short-distance (= perturbative) phenomena 

example: (un) polarized high-p?. single-incl usive hadron production 
w 

- 
P 

factorization 
--"---+ 

theorem 

P 

X' 
P 

ingredients: 1 fragmentation fcts. D;(Z) 
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I 1 

# diagrams 

going beyond the 

# integrals 

1 NLO corrections in a nutshell I 
LO is in every respect a major enterprise . . . 

LO NLO NNLO 

number of partons L 

rc 

complexity of calculation 

NLO techniques are well established and most cross sections are available 

NNLO still far from being standard, a lot of progress though 

recent example: the NNLO DGLAP evolution kernels Pi,j 
1 

-+ NNLO = pushing computer algebra programs to their limits 

I LO I 18 I a few 

I NLO I 350 I some more 

NNLO I 9607 
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NLO corrections in a nutshell (cont.) 

goot news: steady progress - list of results relevant for RHlC spin: 
~ ~ 

evol. kernels NLO 

hadrons N LO 

NLO 

NLO 

jets fT@ --3 jet(s) + X NLO 

N LO 

N LO 

N LO 

y + j e t  N LO 

+ charm NLO .$-+ y -k -1- 

heavy quarks NLO 

Drell-Yan NLO 

vector bosons NLO 
NLO 



i I 1 -  High-pT Hadron Production at RHIC I 
high-plc pions: 

recall: lst unpolarized measurements a t  RHIC agree well with pQCD 

1 

10" 

IO" 

lo" 

IO" 

10" 

lo* 
10.' 

IO" 

- KKP NLO 

----- Kreker NU) 

8 2  
g 0  

(I) 
P 
0 
13 
- 1  
W 

\ 

m 

10 

Data 3.4q<4.0 
no mesons ((q)=3.8) 

NLO pQCD calc. 

.-- Kretzer F.F. (1p3.8) 
- KKP F.F. (q=3.8) 

Uncertainty = 172,. .* \ 

i 30 35 40 45 50 55 60 
E, (GeV 

1 

0 D n ( z )  set of P favored by data 
0 5 10 15 

h (GeVlc) 

+ foundation for similar measurements with polarization 



Interlude: importance of unpolarized cross sections 

unpolarized measurements should always precede an ALL measurement: 

demonstrate applicability of standard perturbative QCD methods 

1 etc. set in 0 not a priori known where power corrections 

measurements a t  = 200GeV never done before 

e allows us to  study energy dependence of cross sections a t  a given p~ 

(fixed target) -+ -+ SPS --+ Tevatron -+ LHC 

valuable source of information about non-perturbative functions 

e e.g. to  improve our understanding of hadronization (fragmentation functions) 

--+ reduces theoretical uncertainties of subsequent extractions of, e.g., Ag! 



High-pT Hadron Production at  RHIC (cont.) 

a closer look a t  pQCD results for 7ro-production a t  f i  = 200GeV, 171 5 0.38: 

1 d(A)o / dp, [pb / GeV] d 

1 
0 5 15 PT CGeV1 10 

ps dependence much reduced in NLO 

NLO corrections different for dAo and 
0 5 15 cancel in ALL == dAa/da 

PT kGeV1 10 
0 1 '  ' I '  I ' ' .' " I '  ' " 

[figs. taken from .Ezw et a!.] I '  
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r I 
High-pT Hadron Production a t  RHIC (cont.) 

discussion of first results on ALL: 

0.1 

0.05 

0 

-0.05 

-0.1 

trend for A L L  0 a t  small p~ contrary to  expectations 



I 

1 High-pT Hadron Production at RHIC (cont.) 

How can that be? 

1 

0 

-1 

-1 -0.5 0 
1 

1 case 0.5 

X measur& a t  central rapidities 

Naive analysis: 

need process with ~ L L  

reca I I partonic asymmetries 

gg+gg  h J L  > Q 

gg + qq iiLL = -1 
gq-=+gq GLL Q 

co nc I u de: 

gg + qij resp. for neg. AEL 



High-pT Hadron Production at RHIC (cant.) 

so - can 

1 

0.5 

b 0 

.-P E -0.5 

1 

0.5 

0 

-0.5 

be negative? 

dAqj I dA0 

1 

0.5 

0 

-0.5 

1 

sub process contributions: 

fairly independent on what one 

assumes about Ag: 

gg processes: 

dominate for p~ 5 10GeV 

qg processes: 

take over for p~ 2 10 GeV 

qq processes: 
always small unless p~ very large 



In I 

.. 
c
,
 

S
 
3
 
0
 

V
 

V
 

m 0 
c
,
 

S
 

S
 

m 
c
,
 

c, 
a, 
x
 

c
,
 
0
 

t
 

.- 2
 

re
o

 
Q

 h 
Q4 

?3 

0
 

c3 
a
n
 

', 

II 

-. a, N
 

.
I
 

E
 

E
 

.
I
 

S
 
.
I
 

2
 a S m 0 
a
 

m Q
 

m v
)
 

v
)
 

x
 

c
,
 

.
I
 

-
 2 

.- .
I
 



High-pT Hadron Production a t  RHIC (cont.) 

minimization yields: no"(nr)/ = -7 ( " N ) 2  -I- C" 
min 

--3. a lower bound AtL I miM N O( - 1 - 3 )  >> indications from data 

I 

as expected: 

the resulting g has a node 

0.15 

0.1 

0.05 

0 

-0.05 

I 1 
1 X IO -3 10 -* 10 -' 

but st i l l  way too early to cry! 

"problem" only in lowest p~ bin where uncertainties are large 

p~ perhaps too small to apply pQCD [it works for d o / d p T  though!] 
I 

we need much more data to call this a new "spin surprise" 



1 High-pT Hadron Production at  RHIC (cont.) 1 

’ idea: lql >>> 0: partonic system boosted ALL: -* 1 

- 

- 

another lesson: around mid-rapidity and for p~ 5 10GeV it is difficult 

to even pin down the sign of Ag 
reason: gg dominance and q N 0 Xa N Xb 

What about AtL measurements m 7 e Q? 
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High-pT Jet Production at RHIC (cont.) 

pQCD results for jet-production a t  & = 200GeV, R,,,, = 0.4 (SCA), 1171 5 1: 

......................... . .................................... . ................... 

0.5 

5 10 15 ' 20 25 

[figs. taken from &ger ct ain] PT lGeV1 

4 dAo / dpT [pb / GeV] 

10 

10 

10 

10 

4 

3 

2 

pf dependence much reduced in NLO 

theoretical uncertainties even smaller 
than for hadrons 



P w 
0 

.High-pa Jet Production at RHIC (cont.) I 
not surprisingly, At;  is sensitive to gluon polarization Ag: [fig. taken from .83gw, MS. !hgc!isan 

0.1 

0.08 

0.04 

0.02 

0 

-0.02 

& = 5OOGeV, Rcone = 0.7 (SCA), 1.111 5 1 

Oel 
Ag=gin/ 4 0.08 1 At: 

~ T GRSV-std 1 
- 0.02 - 

0 

-0.02 4 Ag=-g input 

30 

again: a t  small p~ no sensitivity to sign of Ag 



High-pT Jet Production at  RHIC (cont.) 

subprocess contributions 

for different Ag: 

very similar to  pion production 

(as expected) 

dAo, I dAo 

1 

0.5 

0 

-0.5 

1 

0.5 

0 

-0.5 

1 

0.5 

0 

-0.5 

10 20 . 30 10 20 30 

2 

0 

-2 



I I 

Outlook: calculations in the pipeline 

high-pT hadron pairs L%--& 
ncg.q r g a  pu5.q 

status: Monte-Carlo code almost ready 

e h, feedback: a t  which observables ( pl? 7 1, pT 9 2, M’air,. . .) would you like to  look a t?  

ATT for single inclusive high-pl. hadrons 

status: almost done (have to  put everything together and produce a code) 

I heavy flavor pair production 

status: some homework to be done (matrix elements known from 

have to setup a MC code to  study exp. relevant observables 
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P 

LL 
3 

Versus 

++ same helicity 
+- opposite helicity 

(P) Polarization 
(R) Relative Luminosity 
(N) Number of piOs 

R =  L++ 
L +- 
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earn Polarization (in PHENIX) 

) 
J With RHIC CNI Polarimeter 
J Relative uncertainty -32% (will be decreased soon) 
J This error does not change the significance of non-zero ALL, 

because it scales both value and error in the same way (but it does 
change the comparison to theory) 

e in. 
4 PHENIX Local Polarimeter vs RHIC CNI Polarimeter 
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Relative Luminosity 

BBC and ZDC have different 
position resolution + 
systematics due to variation of 
the z-vertex distribution 

J After correction for the vertex 
width some residual systematics 
left (x2/NDF- 1.8) 

0.002 

0.001 

I 

-0.002 

++. L R =  
1 

- - - - - - - - 
- - - - - ‘ I -  

O; I A -  

t 1 1 1  I I I I I I I I I I I I I I I I I I I I I I I  

I A 1 - - 

L+- 

7 = k3.0-3.9 
Low background - 0.5 . @el High statistics: OBBC - PP 

x2 I ndf 18.08 I10 

I I- PO 1.351e-05 5 0.0002173 

sLL(BBC) relative ZDC 0.0041 

0.003 

J The same vertex cut Izl<30cm as 
in offline analysis is used 



elative Luminosity: Results 

h 

For average beam polarizations of 40% 

Strong indication that both ALLs are zero (very different kinematical k 
0 regions, different physics signals) 

I Relative Luminosity vs Fill Number I 

R vs Fill 
<R>=1.035 

0.2 

5330 5335 5340 5345 
Fill Number 
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P 
P w 

I 

ALL measurements 

0 0.05 0.1 0.15 0.2 0.25 0.3 
c. 

M (GeVlg) 
TY 

LL 1-r 

a Photons in PHENIX EMCal: 
111 I <0.35, Acp=l8Oo 

o Done in four pT bins fiom 1 to 5 
GeV/c; collected statistics 1.8M 

0 Blue area used to estimate ALL 
of background under no peak 

D Background contribution (r) 
under no peak varies fiom 3 1% 
in 1-2 GeV/c bin to 5% in 4-5 
GeV/c bin 

0 no = 
ALL 1-r 



A,, easurernents 

++ same helicity 
+- opposite helicity 

P 
P 
P 

1 . Collect Nand L for ++ and +- configurations (sum over all 
crossings) and calculate A L L  for each fill 

2. Average ALL over fills; use x2/NDF to control fit quality; use 
“bunch shuffling” to check syst. emors 



LL Calculations 
ALL averaged over fills for piO+BG 

10.871 10 

p0 Q.M)SMG.1:0~025 
I 0'151 0.1 1-2 GeVIc 

L A, : Luminosity Formula (3.0<pT<4.0) J I ndf 21.06I10 I 
0.8k 

o'6[ 0.4 3-4 GeVlc 
T 

I 
-0.41 :I, , , I  , ,  , . I , ,  , * I , . ,  , I , * ,  , I , ,  

-1 
5325 5330 5335 5340 5345 

A, : Lumtnoslty Formula (Z.O<pT4.0) I Iw 5.65 I 1 0  

0.5 p0 0.004949.1: O.WB7lS 
1 

2-3 GeVIc "I 0.2 

T, T 

I 1  

330 5335 5340 5345 
I ' . * " " ' I " ' ' I . *  

I A, : Luminosity kormuia (4.0<p1<5.0) 1 I ndf 1243/10 I 

4-5 GeVIc T...._........_ -1.5 -2 

5326 5330 5335 5340 5345 

ALL- - -0.6%&0.6% 
x2/ndf = 11/10 

ALL= 0.5%Zt0.9% 
x2/ndf = 6/10 

ALL= -1.8%&2.0% 

ALL-- - 8.2%&4.6% 
x2/ndf = 12/10 
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Q;\ 

Bunch shufflin 
to check for syst. errors 

Bunch shuffling = Randomly assigns helicity for each crossing 

y21NDF 

m 
16 

10 

All <x2/NDF> are 4 
Consistent with stat. distribution of 

Widths are consistent with 
obtained errors 6(ALL) 



x
 

447 



no A,, from pp at 200 GeV 
I 

7 
0.05 

E 

!V 

0 1 2 3 4 5 6 

Run3 and Run4 results are 
consistent: ~~'5.7, CL=22% 

p~ (GeV/c) 



Comparison to theory 

I I 

no ALL from pp at 6 2 0 0  GeV 

Comparison of Run3+4 with 
theory: 

J GRSV-std 
21-24% (pT>1 GeV/c) 
27-29% (pT>2 GeVIc) 

0.00-6% (pT>l GeVIc) 
GRSV-max 

0.0143% (pT>2 GeVIc) 

-0.05~ 

0 1 2 3 4 5 6 
I pr (GeV/c) 

Consistent with GRSV-std 
I Less consistent with GRSV-max 
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R 
h, 

RHIC as polarized proton collider 

32 -1 Lmax =2x10 s cm-2 
70% Polarization 

& = 50K 500 GeV rn 

A 
2 x 1OI1  Pol. Protons / Bunch 
E = 20 ‘7c mm mad 



01. Asym etry (Transverse RUN) 

This picture is raw asymmetry of blue (left) and yellow beam (right) in transverse 
run period (just 1 run period). 
In this period, we have 30.8 +- 2.5% and 25.9 +- 1.9% polarization for blue and 
yellow beam respectively. For estimate effective analyzing power at RUN4, I use 

Effective AN = (raw asymmetry) / polarization @ transverse run 
Though All transverse period, we got Effective AN as, 

Blue : 6.21 +- 0.50% Yellow : 6.39 +- 0.55% 



Run2 no Cross Section inpp 
NLO pQCD consistent with data 
within theoretical uncertainties 

PDF: CTEQ5M 
Fragmentation fbnctions: 

n Jgbj-(-&yl;. 

Spectrum constrains D(gluon+n) 
fiagmentation function 

0 Data from Run4 reproduce Run2 
results 



construction for ALL 

b 

4.0 < p, e 5.0 (PbSc) 
R 
ul 3.0 e p, < 4.0 (PbSC) 

OSV 
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2500 
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1500 
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Alpha 

Data 

vllv 
0.9 

a 

400 

300 
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100 

'0 0.1 0.2 0.3 0.4 0 8  0.6 0.7 0.8 0.9 

a 

'0-0.8 

MC vs Data 

a 

2500 

2m 

1500 

1000 

500 

'0 0.1 02  0.3 0.4 0.5 0.6 0.7 0.8 0.9 

a 

22Mw) 

2oow 

18WO 

16oM) 

14000 

l Z w 0  

1oMx) 

8WO 
6000 

a 

:I 
200 
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AG: other experiments 

0.4 
Om2 

-0 

-0.2 

-0.4 
1 -0.61 I 

=on8n -1 
1 o-2 / lo-' 

X 

max and GRSV-std 

Consistent with GRSV-std 

So far all results are 
consistent with GRSV-std 



Measurement of prompt photon 
in ds=200GeV pp collisions 

Kensuke Okada 
(RIKEN-BNL Research Center) 
For the PHENIX collaboration 

Oct..2004 Italy Kensuke Okada (RBRC) 1 



Motivations 
Physics meaning of prompt photon 
- Is a good probe of parton structure in nucleon. 
- One of simple processes at hadron collisions. 

At RHlC (a polarized proton collider capable of 4s up to SOOGeV) 
- The highest energy available for pp+gamma+”X 
- Prompt photon production can probe the gluon polarization in proton. 

Oct..2004 Italy Kensuke Okada (RBRC) 2 
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Data 
RHIC run3 p+p 

2003 April-May 
ds=2OOGeV Proton-proton collisions 
Luminosity= 266nb-1 

RHIC-PHENIX detector 
Central Arm (West) 

(Rapidity lyl<O.35) 
Electromagnetic Calorimeter (EMCal) 

Photon detection 
High granularity (-1 0*1 Omrad2) 

Charged hadron veto 
Drift chamber (DC) 

Beam forward / backward 
(Rapidity 3.1 cly1c3.9) 
Beam-beam counter (BBC) 

Triggering and vertex determination 

BBC and EMCal Trigger for the data taking 
W 

Oct..2004 Italy Kensuke Okada (RBRC) 3 



Analysis procedure (1) 

-b 

Prompt photon signal = All EMCal clusters - known contributions 
Signal / Noise = 0.2-1 (pT 5-17GeV/c) without no tag 

Photon contributions 

1 Non photon contributions (hadronic shower) I 
Electromagnetic shower shape requirement 
Charged hadron veto with drift chamber tracking 

Oct..2004 Italy Kensuke Okada (RBRC) 4 



Analysis procedure (2) 
R = Jw < 0.5 

,EY Isolation cut 
E ( R  e 0.5) e E xO.1 in this analysis sum Y 

We expect that the isolation cut around well-identified high-pT photons 
reduces the background from hadronic decays (no, q, a . . .) 
In addition, the isolation cut could separate photon production processes. 

& 
w I Total prompt photons 

= photons (gluon Compton scattering) + photons (fragmentation) 

Mostly eliminated by the isolation cut 

/ Obtained by 
the subtraction method 

Pass the isolation cut 

Yes, it’s not so simple. (cancellation of infrared divergences, underlying parton picture) 

In this analysis, we compare withlwithout the isolation cut 
without eff i ci e n cv co r rect i o n . 

Oct..2004 Italy Kensuke Okada (RBRC) 5 



P Cn 
P 

Reason to miss the partner 1 
-Out of EMCal Arm - 
-EMCal bad area - 
-Less than the minimum EN 

-Photon conversions .-b 

-Photon merging - 
From MC, 
yfrom missed no / from t 7EQ 

= 40% @ pT=SGeV/c 
= 20% @ pT=IOGeV/c 

Our efforts to recover them 

Assign edges only for partner search 
(guard veto region) 
Careful definition 

Set Emin at ISOMeV (as low as possible). 

Charged veto with DC tracks, not with a detector 
in front of the EMCal 
In our pT region, those are rejected by the EM 
shower shape cut. 

Now we are ready to obtain prompt photon vield. 

Oct..2004 Italy Kensuke Okada (RBRC) 6 



SIN ratio 
35 

- 
-..... .................................................................................................. 

S: signal 

N: noise 
= all - (zO,q, etc. contributions) 

= all - signal - (tagged .no) 

30 

25 

20 

15 

With the isolation cut, 
The signal is enhanced. 

L 

- 
- 
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-. ................................................................................. 
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P a a 
1 

Cross section calculation 
Factors 

I /Luminosity : 1 /266n b-A (=5.450e9 events/20.5m b) 
l/bbc - bias: U0.785 
I /(acceptance+smearing): I /0.0982 
l/(shower shape cut efficiency): 1/0.98 
I /(Conversion probability): 1 /0.97 

Oct..2004 Italy Kensuke Okada (RBRC) 8 
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Result 
4 PHENIX Preliminary (Subtraction] 

:6 

.. z Shaded box mpresents qmkematic errom 

Two methods don't have a large difference. 

It suggests 
- low rejection power for the fragmentation 

orland 
- a large contribution from gluon Compton 

photon contributions 

scattering 

4 6 8 I O  12 14 16 18 
PTIGeV/c) 

Oct..2004 Italy Kensuke Okada (RBRC) I O  
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P 
4 
0 

Summary 
- The prompt photon cross section for 200GeV p+p collisions 

-In the analysis, it is important to tag no. 
-The isolation cut improves the signal-to-noise ratio 

has been measured at PHENIX. 

(important for future spin asymmetry measurement) 
without significantly reducing the signal. 

-NLO. pQCD calculation agrees well with our measurement. 

b 
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EMCal (PbSc) 

Scintillator plates 1 10.4x110.4x4mm 

6x6 fibers + 1 PMT = 1 tower 
2 x 2 towers = 1 module 

Shish-kebab geometry wave shifter fiber readout 

6 K 6 module = 1 super module 

PbSc 
5.52 x 5.52 Size(cm x cm) 

I Moliere Radius I - 3cm I 

r PbSc sector 2.0m x 4.0m 
Oct..2004 Italy Kensuke Okada (RBRC) A 4  I-t I 
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EM shower cut (photon) 

Photons are selected from pi0 mass window 

Oct..2004 Italy 

. . ~  ..... ... . 

Kensuke Okada (RBRC) 19 



Counts (PbSc west) 
ecore>3GeV 
PC3 dead area is masked off. 

no-cut to f  prob 
all I 1-1 1-2 1-3 
pc3match I 2-1 2-2 2-3 

dcmatch(nO>O) I 4-1 4-2 4-3 
dcmatch I 3-1 3-2 3-3 The difference of 3 converter runs is 
dcrnatch(n0)l) I 5-1 5-2 5-3 consistent to electron group’s study. 

..................................................... 
run876 1 8-88006 40mil run88825-89211 1 Omil Run88007-88824,89212-92466 
#event 395M #event 841M #event 4315M 
14618 14493 13545 (92%) =1-3/1-1 

O0 2510 2491 1926 (77%) =2-3/2-1 5542 5491 4238 (76%) 26880 26666 20221 (75%) 
1254 1 244 770 (61 %) =3-3/3-1 2630 2618 1533 (58%) 12695 12632 7002 (55%) 
405 403 31 4 (78%) =4-3/4-l 663 659 437 (66%) 2972 2960 1858 ’ (62%) 
362 361 296 (82%) =5-3/5-1 565 562 403 (71%) 2488 2477 1678 (67%) 

II 

33879 33452 31270 (92%) 170922 168940 157748 (92%) 
4 

electron ratio(nO>l) : 2.2% =5-3/1-3 electron ratio(nO>I) : 1.3% electron ratio(nO> I ) : I. I % 

electron/dcmatch(org) : 29% =5-1/3-1 
electron/dcmatch 5-3/3-3 electron/dcmatch * electron/dcmatch 
Electron/l M events Electron/l M events ElectronA M events 

electron/dcmatch(org) : 2 1 ?4 electron/dcmatch(org) : 20% 

Oct..2004 Italy Kensuke Okada (RBRC) 20 



Counts (energy dependence) 
Ecore>3GeV Ecore>SGeV EcoreB7GeV 

Run88007-88824,89212-92466 
#event 4315M 
170922 168940 157748 (92%) photon 97% 
26880 26666 20221 (75%) 
12695 12632 7002 (55%) 
2972 2960 1858 (62%) 
2488 2477 1678 (67%) 

P 
4 
\o pc3match ratio 

dcmatch ratio 
electron ratio( 
electron ratio( 

electron/dcmatch(or 
electron/dcmatch 
Electron/l M events , 

Run88007-88824,89212-92466 
#event 4315M 
8660 8372 7868 (91%) photon 97% 
1358 1330 1048 (77%) 
577 572 341 (59%) 

Run88007-88824,89212-92466 
#event 4315M 
1279 11 77 1080 (84%) 
188181 141 (75%) 
81 7945 (56%) 

photon 95% 

267 265 153 (57%) 

pc3match rat 
dcmatch ratio 
electron ratio 
electron ratio(nO>I ) : 1.9% 

electron/dcmatch(org 
electron/dcmatch 
Electrod1 M events . 

54 53 34 (63%) 

pc3match ratio 
dcmatch ratio : 
electron ratio(n 
electron ratio(nO>l) : 3.1 96 

electron/dcmatch(org 
electron/dcmatch 
Electrod1 M events . 

High pT charged pion contamination can be seen in electroddcmatch ratio. 
Matching behavior looks the same. 

Oct.2004 Italy Kensuke.Okada (RBRC) 21 



Isolation cut cone size 

P 
00 
0 

Oct..2004 Italy 
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v +O. 38rad 

Kensuke Okada (RBRC) 22 



cn I 
0
 
0
 

r
)
 

I
 

0
 
3 
I
 

'r
c
I 
0
 

cn cn 
E . 
c
 >
 

.
 . . ___ i_i..: 

I
>

 

I
.

 

,
:

 

.
:

 
I

.
 

.
.

 
.. . 

U
 

>
 

'
a
,
 

(3
 

m
 
0
 

0
 

d
-
 

0
 

0
 

c'! 

48 1 



Invariant mass of two photons 
With the isolation cut 

+ 

F 

. .  , ,. 

0 O.5GeV 

. . . . . .. . . . 
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pi0 photon merging 

P 
00 
w 

Oct..2004 Italy 

MC tuned with the test beam result 
I EMCal shower profile I 

(second tower) / (first tower) 

0.212 = 10% (tower center) - - 0.5/1.25=40% (center + 0.3unit) 

Kensuke Okada (RBRC) 25 
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pi0 photon missing ratio (with MC) 

0.9 

Input: pi0 spectra, Energy resolution, Shower size from measurements 
The same MC used in pi0 cross section measurement. 

- - . .  . .  . . .  
L ...............,.. -..: ........... : ........................................ : ........................... .......................................... - - 
c 

I , photanconteentsfrorngiti I 

............................ 

P 
03 
ul .............................................. ............................... 

............................................. 

............................................ ............................. 

.......................... 

pqGeVto] ... 
. Photon.. from pi0 . . . . . . . . . . . . . .  _- . . . . . . . . . . . .  11,, . . . .  

Oct..2004 Italy 

This figure shows components of 
photon from pi0. 

’ (A) 2 photons tagged as pi0 

/ (B) lphoton (the partner missing) 

Merged photons 
(to be discarded by 
the shower shape cut 
And those have almost 
double energy) 

/ 

Aissl tag (=B/A) 
40% at 5GeVIc 
20% at IOGeWc 

Kensuke Okada (RBRC) 27 
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Yields (West arm) 

L 

black : all photons 

f red : photons tagged as pi0 
green : applied a combinatorial ug correction to (red) 
blue : all pi0 contributions (green *(l +missing ratio)) 

---------.------------~------~~:~- magenta : (black)-(blue)*l.23 
........................ rk-L-4 

-_--_-_-<--.- 

................................ 

______________-_----. ____________._-__._-- .................................................... _____.______________-.---------------------.------- 
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

......................................................... 

bg ratios to the total 
red : 
green : 
blue : 

. . . . . . . . . . . . . . . . . . . .  . . . .  . .  . . . . . . . . . . . .  . .  ~. . 
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Isdated photons (west am) I 

Yields (west arm) 
isolation 'I cut) (with an 

black : all isolated photons 

1 ( 1 ,green : applied a combinatorial bg correction to (red) 
red : isolated photon tagged as pi0 < 

blue : isolated photon estimated from isolated piOs 
magenta : (black)-(green+blue)*l.23 

bg ratios to the total 
red: 
green: 

magenta: all hadron contribution (green+blue)*l.2: 
blue: a . 1 .  . ..., ..-.. i .... ............ h .....I.. .......... ". 

Kensuke Okada (RBRC) Oct..2004 Italy 30 



Systematic error sou rces 
For isolation cut method 5-5.5 15-1 7 

Luminosity measurement 
BBC trigger bias 

12 
3 

l2 ] global 
3 

Total (quadratic sum) 24% 16 

Oct..2004 Italy Kensuke Okada (RBRC) 31 



Comparison to NLO pQCD calculation 

- _  " t  w 

I 

w NLO-pQCD calculation 

W.Vogelsang 
- Private communication with 

- CTEQGMPDF. 
- direct photon + fragmentation 

photon 
- Set Renormalization scale 

and factorization scale 
PTQ II pT 92 pT 

The theory calculation'shows a good 
agreement with our result. 

32 



Results (gamma/piO ratio) 
1 Ratio tb runZpi0 fit I 

PHENIX Preliminary 



Comparison 
Comparison with existing data from p+p and p+pbar collisions 
- The cross section increases systematically as the energy increases. 

0 
I I I s 1 I I I 

2 4 6 8 10 12 14 I 6  18 

WC;l..LUULt llaly 
P,(GeW Systematic errors are not shod!! (Ge Wc) 

neiiauNe Ok t 
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P 

Bias on Physics Process 

Two processes 
- Direct 
- Fragmentation 

Direct photon measurement at 
pT>5GeV/c is dominated by 
direct process. 
- The difference between two 

methods is small. 

Oct..2004 Italy 

Private communication with W.Vogelsang 
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TPC'Track- Momentum 
EEMC Shower Energy 

SMD profiles for a 9 GeV no candidate 
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Prescale = 5 
full detector readout and 

b 
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Transverse Single Spin Asymmetries at BBC - 
lfl (AN for forward unidentified charged particles) 

h SL 
3.4 cq 3,9 and ~ $ 0  3.9 < q 5.0 and x,?O - 

............ . 

I ’  I‘ 
1 

-3 l 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 I I I I I I I I I l I I I I I I I I L  
1.5 2 2.5 3 3.5 4 4.5 

CNI Asymmetry (XI 0-3) 

Unexpected A,of unknown origin 
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Current STAR Tracking 

- 

TPC 
Endcap 
& MWPC 

Veto , a I1 Veto 
Cal Cal 

Central 
Trigger 
Barrel 
or TOF 

i MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

3 layer Silicon Drift 
+ 1 layer 2-sided Strip 
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reduced by fragmentation pl'p'f'+W* - direct measurement 
weighting 
0.6 

0,4 

0.2 
Standard Scenario 
Valence Scenario 

t project&d statistics (800 pff') 
0 

VI 
)-r 

P 0.01. 0*1 0.5 0*01 0.1 0. x X YW 

o+ - (7- 
crlt. + 0- 

B. Dressler, Eur. Phys. J. C14 (2000) 147. 

ALpv = 
A d + f  jw- A d + u + W +  
AV+d +W- Au+d+FV' 

q a  

II w-"1 Endcap: kinematic region of interest 
---+---- Must resolve e+from e- 

q b  

i MASSACHUSETTS INSTITUTE oF TEcHNoLmY 
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I APS Pixel ( cker) 

Advanced LBL design: 

readout- (but work in progress) 
9 30x30 pm2 pixel size, 5-10 ms 

5 
30 

5. Extensive Tracking Simulation I I I 

Central Au+Au, Simulated I 

E 

C a 
0 

W 

I I  
Central Au+Au events 
+ full GEANT + response simulation 
+ currenf barrel silicon (will improve) 
+ standard STAR ITTF tracking 

I 

0 TPC, sl5hits 

SSD, >=I hits 
r . 0  i <I A SVT, >=ahits ., ab HFT, >=2hits 

IIC 

-9 Acceptable efficiency already, new 
IST barrel + software tune will improve 

I 1 I 
1 2 3 0 ”  

Transverse Momentum (GeVlc) 



Triple GEM gas detector: 
thin gas volume, 3 foils in series 
Hole radius: 0.001 in 
3 Large gain, excellent resolution 

50 pm resolution 
Large area (-10 m2) 
Thin (-4 in) 

'~~~~~~~~~~~ IPIC. 

Beam's eye layout 

Populate disk with foils of 
identical d i mension 

_. . .. .. ̂ ^ . ... ,. , ... . . . ... .. . . . _, 

CERN released tech. to 
tech-etch (Boston) 
*Prototype foils at MIT 
.Readout development at 
MIT-Bates (APV-25) 
.R&D funding soon (SBIR) 

i MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

P 



Silicon Strip Barrel and Disk 

Beam’s eye layout 

x (cm) i MRSSRCHUSETTS INSTITUTE OF TECHNOLOGY 

E 
0 
3 
N 

Requirements probably satisfied by 
standard silicon strip 

Either cms-like 2xsingle sided wafers or 
double sided wafers 

Extensive simulation underway 

I I I 

- Central Au+Au, Simulat 
o<>o@- 

0 

;f 

Transverse Momentum (GeWc) 

re-use PHOBOS production 
machinery at MIT 



Physics drives tracking Timeline 

Barrel heavy flavor summer 05: barrel proposal 
upgrades in STAR summer 04: conceptual layout 

- standard strip 3 pointing summer 06: forward proposal 
_D_ 

summer 08: Pixel + 1st device for 

0 Forward W'tagging 
installation 
summer 09: Disk + GEM 
installation - Standard strip .I) forward 



APS Pileup Studies 
0 Heavy flavor studies: Need for 

fast outer barrel system for pp 
0 Working numbers: 

- Total cross-section (ds=200GeV): 

- Luminosity: 1.1032 cm-2 s-' 
Integration time: 1ms 

- Two HF layers (30pm pixels, 

- One faster detector layer 

28mb 

ul 0 Fast-MC: 
8 

I 5  and 40mm radii) 

300pm pxels, 
1OOmm radius, 

0 10-100 faster) 
- Tracking starts from HFT 
- Simple vertexing, +/- 20cm 

diamond 

- No magnetic field included in 
simulation 

- Multiple scattering, digitization 

2,800 pp interactions within 
diamond with track density 

similar t o  AuAu 
Ernst Sichtermann 

i' 

i MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

P 
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Uascussion 

Abhay Deshpande & Werner Vogelsang 



Possible Points of Discussion: 
Now and next two-three years: 
- A - LL pi0 measurements (Phenix) 
- A - LL direct photon (Phenix) 
- A - LL in Jets by STAR 

Combined analysis of RHIC data to extract fully information on 
polarized gluon distribution 

Higher Sqrt(s) running polarized protons: 
- Couple with polarized DIS 

- W+/= production 
- Lower x measurements of polarized gluons at high enough pT 

0 Use of polarized D or He3 for RHIC: polarimetry only? D quark 
- 

dominance special? 
Theory: issues regarding NLO at fixed-target and colliders, kT 



N. Saito 
Constraints on Ag/g(x) 

HERMES di-hadron 

PHENIX pi0 (preliminary) 
PHENIX pi0 (run-5 projection) 

-0.5 

-1 

I 



0.5 

0 

N. Saito Constraints on Ag/g(x) 
PHENIX - STAR Run-5 (3/pb) 

1 =a "'4 $>! 

i STAR jet (run-5 projection) 1 7 

PHENIX pi0 (run-5 projection) 



Constraints on Ag/g(x) 
PHENIX Run-6 (1 OO/pb) 

N. Saito 

~~~~-~~ 

HERMES di-hadron 

PHENIX pi0 (preliminary) 
PHENIX pi0 (run-6 projection) 
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I 

+ how about single-inclusive cross sections ? 

k~ effects become “higher-twist” 

often used as model for higher twist AND 
higher order corrections 

no unique way of putting kl: into cross sections 
due to f-4 
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Kenneth N. Barish 

RHIC SPIN Meeting - Torino 
rl 
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i 
J+ Detection of bath hadron jet and final state photon is possible with 

the NCC an new central arm tracking detectors. 
llows the d rrnination of xG of the gluon on an event-by-event basis (used 

in conjunction with silicon vertex) 

~ i f ~ ~ ~ ~ ~ l ~  extends the range of 
mpt-y measurement 

VI 

P VI highest analyzing 

I 

) 
1 

0.8 
0.6 
0.4 

0.2 
0 

0.001 0.01 ' 0.1 1 
x 

with NCC at I ME-x through jet-y, nos e-p, open charm. 

K. Barish 
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Reauirements: 
> Good photon measurements 
P Reasonable jet measurements 
> Triggering capability 

VI 
VI 
0 oint => Silicon pixels 

ilable => Tun sten s I MoiiBr 
=> Silicon str lZkyeR3 

I 

3X K. Barish 



Nose Cone Longitudinal Segmentation 
I 

rt 

Si SB~SOTS 7co/y identifier 
pads 

ch 
VI 
c., 

~ ~ ~ ~ ~ ~ ~ ~ Q ~ ~ ~ t i ~  
>> 16 layers of W 2.5 mm thick ..) lox, 
>) Si 1.5 cm x1.5 cm pads 

>> 2 layers Si ,1.9 mm x 6 cm strips 
>> after 4.3x0 

nody identifier 1 

Hadponic 
6 layers W16.6 mm thick 
Si 1.5 cm x 1.5 em pads 

)3. Total (em+had) 40X, 1.5 & 

9otherboard Tungsten 

Readout in 3 iongitudinal sections 

Xo(iungsten)= 3.5mrn 
' &=9.5 cm 

K. Barish 

f 



.. 
.I

. 

.
.

 
. ... 

' 
. 

,. 
.

.
 

,
.

 
,

,
 

: 

.
.

 
~ -.. . 

,. 
. 

.. 
. ... 

.. . . 
, . . 

.. 
..-. ". 

. ,
 .
 . . 

. . .- 
.. 
. . 

I
. 

.
.

 
i
 , 
I

.
 

%
. 

./." 
,... 

552 



C 
F

 

a%?- 

- ;F: Y
 

A
 

d
 

0
 

d
 

a
 

A
 

I 

553 



m
 
0
 

0
 

cv - 
00 
0
 
0
 

cv 
b

-
 

0
 

0
 

cv 
a
-
 

0
 
0
 

cv 
m

-
 

0
 

0
 

cv 
d
-
 

0
 

0
 

N
 

5 54 



8
, 

A
 

555 - a
*
 

o
m
 

A
 



556 



P
O

 

I
-
 &

 

.- e
 

&
 

c
 v

) 
.
I
 

b m 

557 



-1
 

I
 

'i 

558 



559 - 



w 

560 



A
 

A
 

561 

I 

t
 





PHENIX VTX Upgade 

I;! R I P H  

RHIC Spin Collaboration Meeting in Torino 
October 9,2004 

Yuji Goto (RIKENIRBRC) 

for the PHENIX Collaboration 



Outline 

Review of physics with PHENIX baseline system 
- achieved 
- to be achieved 

Physics with PHENIX VTX upgrade 
9 more in Manabu Togawa’s talk in Spin 2004 

status of the VTX development and construction 
- schedule 
- collaboration d 

v, 
Q\ 
P 

October 9,2004 Yuji Goto (RIKEN/RBRC) 2 



Physics with the baseline system 

- KKP FF -0sIi 
1 

Scaling error of -65% no A,, I is not included. 
1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l ~ l l ~ ~ ~ ~ ~ ~ ~ ~  



Physics with the baseline system 

Charged hadron 

e- o v 

0 
d 
E 

3 

Y 

-lo 

1 

1 0'' 1 ---\ 

E- ry 1- 

October 9,2004 

h- polarization 
scaling error 
35% not included 

h+ RnC polarization 
scaling error 
35% not included 

1. 

I 

Makdisi's talk in this meeting and Spin2004 
4 Yuji Goto (RIKEN/RBRC) 
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Physics with the baseline system 
0 

0 

0 

Gluon polarization 
- ALL of prompt photon 
- ALL of single electron 
Quark polarization flavor 
decomposition 
- A, of weak boson 
Transversi ty 
- with n+n- interference 

fragmentation function 
- with Collins effect in jet 

0 at 4s = 200 GeV and 
500 GeV 

baseline detector X 
XAGOo 
1.2 

I I 1 1 1  I I I I11111  1 I I l l 1  

0.001 . 0.01 0,l 1 
X 

October 9,2004 Yuji Goto (RIKEN/RBRC) 7 
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VTX upgrade 

Barrel silicon vertex tracker 
- jet axis measurement and isolation cut by charged 

- displaced vertex measurement for heavy flavor 
particle detection with wider acceptance 

P 

U 

P I- 

.. 

r 

strip detector 

October 9,2004 Yuji Goto (RIKEN/RBRC) 9 
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1-w 

PH “’I ENlX 

v, 
4 w 

0 

0 

0 

Physics with VTX upgrade 

Gluon polarization 
- photon +jet 
- charm and bottom 

Quark polarization flavo 
decomposition 
- Wk with improved 

isolation cut 
Transversi ty 
- improved correlation 

tagging 

study (near side and far 
side) 

d X )(AGO0 
1.2 

I I 1 I 1 1 1 1  

0.6 L (cj _ _ _ _ _  -I 
0.4 

0.2 .. . 

0 
-0.2 I I I 1 1 1 1 1  I I I I 1 1 1 1  I I I IlIU. 

0.001 0.01 0.1 1 
X 

- with wider acceptance 

October 9,2004 Yuji Goto (RIKEN/RBRC) 11 
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& "- 

PH ." ENlX 

----- - J/w+PP 

Physics with VTX upgrade 

-0.2 I I I I IIUl I I I i n 1 1 1  I I I lllL 

Gluon polarization 
- photon +jet 

- charm.and bottom 
jet axis measurement 

tagging 
with single electron 
measurement 

X 
 goo 
1.2 

I I I I 1 1 1 1  

1 
0.8 
0.6 
0.4 
0.2 

0 

0.001 0.01 0.1 1 
X 

October 9,2004 Yuji Goto (RIKEN/RBRC) 13 



P, P Nix Physics with VTX upgrade i l lEH 

0.4 

,035 
a -  
Y s 0.3; 
x” 
0.25 

0.2 

0.15- 

0.1 

0.05 

Gluon polarization 
- photon +jet 

7 

I 

: 
: 
- 

2 

improved gluon’s x evaluation by kinematic reconstruction 
with jet axis 

Togawa‘s talk 
in Spin2004 

-& = 200GeV 

October 9,2004 Yuji Goto (RIKEN/RBRC) 14 



Physics with VTX upgrade 

Gluon polarization 
- charm and bottom 

tagging with displaced 
vertex measurement 

D --+ single electron 
D + n K  
Jlv+e+e- 

B + single electron 
0 B --+ J/v 

- charm 

- bottom 

- single electron with 
displaced vertex 
measurement 

0 200 400 600 800 1000 
DCA = Distance of Closest Approach (pm) 

October 9,2004 Yuji Goto (RIKEN/RBRC) 15 
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0 

VTX upgrade 

Silicon pixel detector 
- ALICE hybrid. 

October 9,2004 Yuji Goto (RIKEN/RBRC) 18 



PH "'.. ENlX 

VTX upgrade 

- probe station and quality assurance test of pixel . 
readout chips in a clean room laboratory at CERN 

October 9,2004 Yuji Goto (RIKEN/RBRC) I 9  



VTX upgrade 

- wire bonding facility in a clean room at RIKEN 

October 9, 2004 Yuji Goto (RIKEN/RBRC) 20 
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VTX upgrade 
Collaboration 
- more than 70 people, 14 universitieshnstitutes 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

e 

0 

e 

BNL, Chemistry Department 
BNL, Instrumentation Division 
BNL, Physics Division 
Florida State University 
Iowa State University 
KEK 
Kyoto University 
LANL 
N i ig ata University 
ORNL 
RIKEN 
RIKEN BNL Research Center 
Stony Brook University 
University of New Mexico 

- lots of more opportunity for new groups 
October 9,2004 Yuji Goto (RIKEN/RBRC) 22 



Summary 

Many measurements have been achieved and 
will be done with the PHENIX baseline system 
- gluon polarization 
- quark polarization flavor decomposition 
- transversi ty 
PHENIX VTX will improve those measurements 
- with jet axis measurement: e.g. photon +jet 

VI 
03 
VI 

- with displaced vertex measurement: e.g. single 
electron from charm and bottom 

Completion in summer 2007 to be ready for 
RHIC 2007-2008 run 
- development and construction underway . . . 
- lots of more opportunity for new groups . . . 

October 9,2004 Yuji Goto (RIKEN/RBRC) 23 



Jet Reconstruction Algorithms for RHIC 

M.L. Miller, MIT 

“In this, lowest-order approximation, the jets are ‘ideal’, and consist of a 
set of exactly parallel-moving hadrons. In realistic cross sections it will be 

to define precisely how many jets are 
and what their momenta and energies are ... 

Thus a jet cross section is to some extent an artifact ... so be it. One must 
e jet content of the final state is to be 
(perturbatively) the cross section.. . 

hat we mean by jets more carefully ... It i 
VI co 
4 

I according to this definition.” 

-CTEQ Handbook of Perturbative QCD 
ala Sterman and Weinberg, 1977- 



u 
00 
00 

Snowmass I990 
- (Didn’t we do this?) 
- Well, not really ... 

x-section problems 
Recombination 
Missed seeds 
Co I I i n e a r “ u n -s a f e” 
Infrared “un-safe” 
Local minima traps 

hadrodpartodtow er 

Figures from hep-ex/0005012 
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The Ideal Jet Algorithm for p+p 
Compare jets at  the parton, h IF" level 

c3 Jet algorithms should ensure 
General 0 

0 

0 

0 

F 
ul 
\o 
0 

Q 
P 

infrared and collinear safety 
invariance under longitudinal boosts 
fully specified and straightforward to implement 
same algorithm at the parton, hadron and detector level 

reliable ~~~i~~~~~~~ 



(I) k, Cluster Algorithm (ala e4e-) 
1. p,ordered list of particles 3 form the list of dj = 

2. calculate for all pairs of particles, dii=min((pm)2,(pn)2)AWd,, 

3. find the minimum of all diand dJ 

4. if it is a di, remove i to jet list 

5. if not, combine i and j 

6. use combined particle i+j as a new particle in next iteration 

need to reorder list at each iteration 3 computing time = 
O(N3) (N particles) 
proceed until the list of 4-momenta is exhausted 

@ 

0 



1 . Identify seed Parameters : 
1. ( ~ ~ 0 . 5  GeV/c) 1. rcone. -0.5-1 .O [radians] 

3 1 fs piitlrnerge . 0.5 

2. Collect 4-mom in cone 2. PTseed : -0.5 GeVIc 
3. Iterate until cone is 

“stab le” ( Eshared /E je t< f )  +split 

4. Repeat for all seeds VI 
\o w else + merge 

no midpoints m id points 

6. Disentangle 
I. Splitlmerge 

\ 
midpoint traditional 
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Standardized CIS jet algorithms for p+p 
- k, and midpoint-cone 
- used in Tevatron Runll, LHC 
- Same in theory and experiment, let's do the same 

Both implemented by STAR 
- Stand-alone software 

standard c++, no ROOT or CLHEP 
e 

- open source: 
- Energy calibration underway in STAR 

Could be easily implemented in PHENIX 
- Of course rcone-.2 

- Just need a list of partons per event 
and deploy k, algorithm! 

" vi B 

1'1 i i MASSACHUSETTS INSTITUTE OF TECHNOLOGY 



Plans for STAR Forward 
Calorimetry Upgrade 

L.C. Bland 
RHIC Spin Collaboration Meeting 
Torino, October 2004 



R STAR Detector 

Z=-785cm 

Upgraded Forward no Detector (FPD) 

Pb-glass EM calorimeter 

RSC Meeting (Torino) 
October, 2004 
&io Ogawa Preshower 

Shower-Maximum Detector (SMD) 

EaSl-Norlh 

Easi-Top 

0 
1 

East-Battom 

East-South 

r 

t 
L-, 1 

lOcm 
I-----.I 

f 
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Large Analyzing Powers at RHIC 

\ : I ; ,  , I , ,  ‘ 1 I ,  ‘ 
6.2 0.4 0.6 0.8 

-0.2; ’ ’ ’ 

STAR collaboration, hep-ex/0310058, 
Phys. Rev. Lett. 92 (2004) 171801 Similar t o  FNAL E704 result at(& = 20 GeV 

I {pT)= l.(yl.j 1.3“1.5 1.8 2.1 2.4 GeVlc 

I n  agreement with several models including 
different dynamics: 

Sivers: spin and kL correlation in initial 
slate (related t o  orbital angular 
momentum?) 



Measurement of AN 
1 n 1 A @  1 I 4 for f\ xF and pT range of the data 

0.1 

8 

-0- 1 

-82 

L 

2.5 - 

2 -  

1.5 - 

1 -  

a 5  - 
i 

Correlation between 
<b> und <x,,> for 

PRL 92 (2084) 171801 1 

rrelation betweer 

Bin boundaries for A,, 
I I I I I  I I 

!OOGeV 

10 be non-zero & 
data 

t; of negative xp AN 
:omistent with zero 

gluon-gluon 



d + Au: Possible ondensate at RHIC? 
T related to rapidity of General expectations of CGC: 

t=lnV) roduced hadrons. Suppression of forward particle production 

~~~~~,~~~ Rtoy PA D. Kharzeev, hep-ph/0307037 
x p  

Non-linear Linear 
1.75. 

Calor Ofass 1.5. 

1.25. 

1 -  

0.75 

0.5. 

’t 

1 7 3 4 5 WQS 
- (  

Brahms data shows evidence ? 
1nA’ Ink: (nucl-ex/O403005) 

Edmond Iancu and Raju 
Venugopalan, hep-pWO303204 

... 



Results for forward d+Au h* production from Brahms 
I. Arsene et al. (Brahms Collaboration) 

. submitted to PRL nucl=ex/0403005 
n 

I 

q=3.2 h- 

8 1  d 

0.5 

2 
q =3,2 

h- 1 h- I 

I- 

Suppression of 
rapidities of d+Au 

nclusive hadron production at forward 
relative to p+p observed at BRAHMS.. . 



Probing Small-x Gluon Densi 
probe the smallest Bjorken-;nc values P 

by measuring forward di-jets d 
(detected by leading no- no pairs) 3 
probe xglUon 20.004 

measure rapidity (q2) distribution of 
no in STAR barrel/endcap EMC, for 
events tagged with forward no 
(2.5~q~c3.5) probe monojet 
hypothesis of the Color Glass 
Condensate 

increased acceptance of large- 
rapidity calorimetry = allow 
measurements of direct y and 
heavier mesons (q,Ks,o,q’,Do) 
decaying to all yfinal states. 

-4 -3 -1 

LO~;aO(Xz) 
V. Guzey, M. Strikman and W. Vogelsang 

(hep-ph/040720 I ) 
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R 

Forward Meson Spectrometer 
Status 

0 Timing 
STAR Forward Workshop (6/9/04) to establish scope 

STAR Upgrades Workshop (6/15-17/04) for development of overall upgrades plan 

Completion of Proposal (Fall, 2004) 

Commissioning (Fall, 2006) 
rn 
0 rn 

cost 
Depends critically on availability of existing calorimetry (Pb glass). 

If existing calorimetry can be employed, costs are dominantly readouvtriggering 
electronics, high-voltage distribution, and mechanical design. 
Rough estimate - $0.8M 
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RHIC Spin Collaboration Meeting XXIX 
October 8 & 9,2004 - Torino, Italy 

AGENDA 

Most talks are 20min + 1 Omin (discussions) unless specified otherwise. 
There are 3 discussion sessions, each -3Omins and led by 2 "discussion leaders". 

October 8 fFridav) 

***Opening Session (chair A. Ogawa) 

09:OO-09: 10 Welcome, M. Anselmho 
09:lO-09:50 
09:50-10:20 
10:20-1050 

***coffee break*** 

*** 11:OO Elastic Scattering (chair Y. Makdisi) 

11 :OO-11:30 
11 :30-12:OO pp2pp, I. Alekseev 
1200-12:30 pC Polarimeter, 0. Jinnouchi 

***lunch*** 

13:30-14:OO Theory, L. Trueman 
14:OO-14:30 
14:30-15:OO 

***coffee break*** 

***Transverse Spin (chair M. Anselmino) 

15:15-15:45 HERMES, R. Seidl 
15:45-16:OO 
mins), A. Efremov 
16:OO-16:15 
0. Teryaev 
16: 1 5-1 6:45 
U. D'Alesio 
16:45-17: 15 
17: 15-1 7:45 

20:OO Meeting Dinner at "Trattoria del Cardo Gobbo" (Piemontese Cuisine) 

RHIC Status & Plan (30+10mh), M. Bai 
Gas-jet Target Polarimeter, A. Zelinski 
Polarized Beam at COSY and HESR, A. Lehrach 

pp Polarimeter (backup), H. Okada 

Spin Dynamics for High Energy Protons, N. Buttimore 
Discussions led by E. Leader & Y. Makdisi 

' 

Short Comment on the HERMES Transversal Spin Asymmetries (15 

Disentangling of the Sources of Transverse Spin Asymmetries (15 h s ) ,  

Suppression of Collins Mechanism for SSA in $p%uparrow p %to $pi X$, 

PHENIX A-N, Y. Makdisi 
STAR A-N from Forward pi0, A. Ogawa 
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LGENDA 

***lunch*** 

October 9 (Saturday) 
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Additional RIKEN BNL Research Center Proceedings: 

Volume66 - 
Volume65 - 

Volume64 - 
Volume63 - 

Volume62 - 
Volume 61 - 

Volume60 - 
Volume59 - 

Volume58 - 
Volume57 - 
Volume56 - 
Volume55 - 
Volume54 - 
Volume53 - 
Volume52 - 
Volume 5 1 - 
Volume50 - 
Volume49 - 
Volume48 - 
Volume47 - 
Volume46 - 
Volume45 - 
Volume44 - 
Volume43 - 
Volume42 - 
Volume 41 - 
Volume40 - 
Volume39 - 
Volume38 - 
Volume37 - 
Volume36 - 
Volume35 - 

Volume34 - 
Volume33 - 

RHIC Spin Collaboration Meeting XXIX,  October 8-9,2004, Torino Italy - BNL- 
RHIC Spin Collaboration Meetings XXVII (July 22,2004), XXVIII (September 2,2004), XXX 

Theory Summer Program on RHIC Physics - BNL-73263-2004 
RHIC Spin Collaboration Meetings XXN (May 21,2004), XXV (May 27,2004), XXVI (June 

New Discoveries at RHIC, May 14-15,2004 - BNL- 72391-2004 
RXEN-TODAI Mini Workshop on “Topics in Hadron Physics at RHIC”, 

Lattice QCD at Finite Temperature and Density - BNL-72083-2004 
RHIC Spin Collaboration Meeting X X I  (January 22,2004), X X D  (February 27,2004), XXJlI 

RHIC Spin Collaboration Meeting XX - BNL-71900-2004 
High pt Physics at RHIC, December 2-6,2003 - BNL-72069-2004 
RBRC Scientific Review Committee Meeting - BNL-71899-2003 
Collective Flow and QGP Properties - BNL-71898-2003 
RHIC Spin Collaboration Meetings XVII, XVIII, XIX - BNL-7 175 1-2003 
Theory Studies for Polarizedpp Scattering - BNL-71747-2003 
RXEN School on QCD “Topics on the Proton” - BNL-7 1694-2003 
RHIC Spin Collaboration Meetings XV, XVI - BNL-71539-2003 
High Performance Computing with QCDOC and BlueGene - BNL-71147-2003 
RBRC Scientific Review Committee Meeting - BNL-52679 
RHIC Spin Collaboration Meeting XIV - BNL-7 1300-2003 
RHIC Spin Collaboration Meetings XI,  XIII - BNL-7 1 1 18-2003 
Large-Scale Computations in Nuclear Physics using the QCDOC - BNL-52678 
Summer Program: Current and Future Directions at RHIC - BNL-7 103 5 
RHIC Spin Collaboration Meetings VIII, M, X, XI - BNL-7 1 1 17-2003 
RIKEN Winter School - Quark-Gluon Structure of the Nucleon and QCD - BNL-52672 
Baryon Dynamics at RHIC - BNL-52669 
Hadron Structure from Lattice QCD - BNL-52674 
Theory Studies for RHIC-Spin - BNL-52662 
RHIC Spin Collaboration Meeting VI1 - BNL-52659 
RBRC Scientific Review Committee Meeting - BNL-52649 
RHIC Spin Collaboration Meeting VI (Part 2) - BNL-52660 
RHIC Spin Collaboration Meeting VI - BNL-52642 
RIKEN Winter School - Quarks, Hadrons and Nuclei - QCD Hard Processes and the Nucleon 

High Energy QCD: Beyond the Pomeron - BNL-52641 
Spin Physics at RHIC in Year-1 and Beyond - BNL-52635 

(December 6,2004) - BNL- 

1 , 2004) - BNL-72397-2004 

March 23-24,2004 - BNL-72336-2004 

(March 19,2004)- BNL-72382-2004 

Spin - BNL-52643 
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- BNL-52589 

BNL-65 105 
Volume 4 - Inauguration Ceremony, September 

649 12 
22 and Non -Equilibrium Many Body Dynamics -BNG 
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Speakers: 
I. Alekseev 
A. Bazilevsky 
U. D’Alesio 
Y. Goto 
E. Leader 
A. Ogawa 
J. Sowinski 
W. Vogelsang 

Nuclei as heavy as bulls CopyrightOCCASTA 

Through collision 
Generate new states of matter. 

T. D. Lee 

M. Anselmino 
L. Bland 
A. Deshpande 
D. Hasch 
A. Lehrach 
H. Okada 
M. Stratmann 
A. Zelinsky 

M. Bai K. Barish 
M. Boglione N. Buttimore 
A. Efkemov L. Gamberg 
0. Jinnouchi A. Kotzinian 
Y. Makdisi M. Miller 
K. Okada R. Seidl 
0. Teryaev L. Trueman 
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