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PHENIX STONY
. . . BROSK
Accessing AG In pp scattering

1 1
5 = §AE + AG + [ with AT ~25%, AG not well constrained, L?
Hard 0
S, \ Scattering n
{_Process. ..
| S g
5. === > AG?2 AGAQ Ag2

2A~ay, * AG* + b, * AG Aq + ¢, AQ?
 From Run5 and Run6, we are currently studying an array

of probes:

— 70 large statistics, specified trigger

— T, large statistics, low trigger efficiency,
PID only for pT<2.8 and pT>4.7 GeV/c

— Direct photon low statistics, no AG? very clean signal

- 1N need FF

— multiparticle “cone”

— J¥Y
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PH-~ENIX

: STEONY
Measuring A, BREWWK
O44+ — 04— 1 j\"TJFJr — RE\'TJF_
-ALL —

ory+04—  PyPyNii+RN,_

+ - = Opposite helicity = = = (:

+ x|
++ = Same helicity

) <=+ P <l

* Helicity Dependent Particle Yields
e 0, wt, m, v, n, etc
e (Local) Polarimetry

e Relative Luminosity (R=L,./L,))
* A
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Y STONY
PH: <ENIX RH |C BR&"SK

RHIC CNI (pC) Polarimeters
~

7z,

. -~ e
Y S 2S
< 4

Absolute Polarimeter . s
BRAHMS & PP2PP (p)

Siberian Snakes

Partial Siberian Snake
INAC BQOSTER

Pol. Proton Source

200 MeV Polarimeter ¥ AGS Internal Polarimeter

Y>Rf Dipoles

Year |v/s [GeV] | Luminosity [pb-'] (recorded) | Polarization [%] | Figure of Merit (P4L)
2003 * 200 0.35 27 0.0019
2004 * 200 0.12 40 0.0031
2005 * 200 3.4 49 0.20
2006 * 200 7.5 62 1.11
2006 * 62.4 0.08 48 0.0042

* Longitudinal
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U e STEONY
PH"ENIX PHENIX Detector BRE'SK

_ .
PHENIX Detector

Emcal T/y/m detection

« Electromagnetic Calorimeter (PbSc/PbGl):

« High p; photon trigger to collect n's,
n's,v's

* Acceptance: |n|<0.35, ¢ =2 x /2
 High granularity (~10*10mrad?)

/o

» Drift Chamber (DC) for Charged Tracks

* Ring Imaging Cherenkov Detector (RICH)

West Beam View East  High p; charged pions (p>4.7 GeV).
‘%%4,% Cotl bagn @@&“’@a\ Relative Luminosity
N, X « Beam Beam Counter (BBC)
Z o « Acceptance: 3.0< n<3.9
& | ot >~ Zero Degree Calorimeter (ZDC)
wup | « Acceptance: £2 mrad
s " ‘ Local Polarimetry
« ZDC

« Shower Maximum Detector (SMD)
South Side View North
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Local Polarimetry at PHENIX >

(=]
=

o

Raw asymmetry

(=]
o

s

* Use ZDC and SMD to measure a e |
L-R and U-D asymmetry in i
forward neutrons (Acceptance: x2 { , o
mrad). ‘ VA

+ When transversely polarized, we fog 7y neutron
see clear asymmetry. Vo

* When longitudinally polarized, A oton
there should be no asymmetry. e

-y

- BLUE| g = YELLOW

— %0.05:—

= ma . —+ ldea: Use neutron

—+ 3 asymmetry to study

- o2 **F transversely polarized

- b component.
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PHCENIX Measured Asymmetry STONY

During Longitudinal Running (200

ﬁRd\\‘t&K

LR

v?/NDF = 88.1/97
p0 =-0.00323+0.00059
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Fill Number

Kieran Boyle

-0.02

-0.04

p0 =-0.00026+0.00056

<P, /P>=98.94+0.21+0.04(%)

« Measurement of

0.0a1-
0.02]

0f -

6900 6950 ?000 ?050 71 00 ?150 7200 7250 ?300 ?3

remaining transverse
component = spin
pattern is correct

Also confirmed in
Run6 analysis

Fill Number
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STEONY

PHENIX  Relative Luminosity  Bresk

« R=L++/L+- ;L =Iluminosity.
* Luminosity is given by the number of BBC

triggered events (Ngge)-

» For estimate of uncertainty, measure A, in the
ratio of our two luminosity detectors

H) = Nzpce(1)
Nzee(1)

Year [GeV] OR 0A |
2005 * 200 1.0e4 2.3e-4
2006 * 200 3.9e-4 5.4e-4
2006 * 62.4 1.3e-3 2.8e-3

* Longitudinal
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SUZER STONY
PH-“ENIX BRESK

Strategy:
1.Measure Cross Section to

confirm that pQCD is
applicable to data
2.Measure A, to extract AG

Kieran Boyle RHIC&AGS User’s Meeting—June 18, 2007 9



PH- -ENIX

STEONY

pQCD works BRO'SK

° @ 200 GeV

arXiv:0704.3599 [hep-ex]
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10° e
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10 NLO pQCD . S

10-3 (by W.Vogelsang)
CTEQ6M PDF; KKP FF

10°F  FTPI2 P 2P
a ?Jlllll]]lIJIIlIIElIIlIJJIIllIJiIElI]JII‘
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Direct y @ 200 GeV

o F PHENIX Preliminary
> i
& 10| e ___NLO pQCD
a2 F (by W.Vogelsang)
o CTEQ 6M PDF
5 10 u=1/2pr,pr,2pr
b S
10 PH- ENIX
E
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PriERY Recent A, Measurements BROSK

J/IPsi: ly| =1.2-2.4 .
) 0.15- :
< - PHENIX Preliminary(Run6 + Run5)
ed [ 7006 o4 e .
" PHENI S - | PH ENIX T
E :‘::u 0.04 0-05_— GS-A(NL i Ag = g input
0.4 — P B
- | GE‘A{I—G} Ag = -g input
oosl 002 & 0— 1 H GS-B(LO) eSS
. Many mdependent probes to understand gluon spln
0 0 -0.05— JIPsi -> "y I
- I . L=8 pb™, Pol=50-60%
0.08 = Sys. Err. _
01— >t included
5 -0.02 B ‘ (Scal. Uncer. 40% Not Shown) _‘Jg_u_l_lg__g_l_l_?o
- p; (GeVic)
) _I 111 | 111 | 1 1411 | L 111 | | . | 1111 | 1111 | 1 111 | | | | 1
F 015 I S S S S SN
7 1 < A4 -FI'T L A4 [ 3

P (GeVlc)
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S HIZEN STEONY
PH-“ENIX BREOSK

depth look at
B A
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PHENIX _ STONY
Calculating n° A | BREWWK

1. Calculate A | (r°+BG) and A [ (BG) separately.
2. Get background ratio (wgg) from fit of all data.
3. Subtract A (BG) from A  (n°+BG):

AL (m°+BG) = wr® -|A, (n°) " Wpgg - AL(BG)

[ Diphoton Mass Spectrum | n'+BG region :

+25 MeV around =° peak
BG region :
Red: Signal+BG region two 50 MeV regions
around peak

10% —

Blue: BG region

0 0.05 0.1 0.15 0.2 | 0.25 m0.3
Ty

Kieran Boyle RHIC&AGS User’s Meeting—June 18, 2007 13
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PHENIX . STONY
Final Run5 10 A,  BROSK
<,;:"0-06;— arXiv:0704.3599 [hep-ex] . Data is
0.051 AG=G compared to
004 GRSV model
R with several
0.03F input values of
0025— | AG.
T 1 | sd Question: At
0.01F- T //'<_ what p; does
A T AG=0 goft physics
0t T contribution
0.01F o become small
S e o e .../ enough to allow

o 1 2 3 4 5 6 7 8 9

comparison to

GRSV: M. Gluck, E. Reya, M.

Stratmann, and W. Vogelsang, pT (GeVIC) pQCD mOde|S

Phys. Rev. D 63 (2001) 094005.
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SLUZEN STEONY
PHENIX Soft physics BRE'SK
"""'-102 3
O - B « By comparing p0 data with
R T . 0 charged pion data, which has
> 107 % "7 very good statistics at low pT,
0] - .~ can estimate soft physics
o 1= , . (TE++TE-)/2 ngtrlbutlon |
€ F ’ - Fitting an exponential to the
. % | - exponential low p; charged pion data
010 ¢ R ; (pT<1 GeV/c) gives an
S %4 it estimate on the soft physics
”b10'2 B V. contribution.

3 A ® .
D F N ™ - Fit result:
w .r \ - 1 a=5.56+0.02 (GeV/c)™
107 ¢ ‘ | 42/NDF = 6.2/3
[ ‘ = « From this, we see that for
104 E - p>2 GeV, the soft physics
: - component is down by more
10" B - N than a factor of 10.

Kieran Boyle

0 05 115 2 25 3 35 4 45
pT (GeVic)
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PH._ENIX STONY
: 0 A\
Final Rund n° A |
Foaef | Theory arxiv: |07ﬁ4|\1;|9§9 [HSpkexfs) |
LS = a 0.02 - 0.3 x=[0 — 1] )
0-042 24? I'1 AG;-R[SV o ~ 0. SAGGR[SV l_? : —
E B '_ .: : )
0'035 22 | . No theoretical uncertainties : ’ =
0.02; - “. :-_ included i :)_
0.01; 20__ :)
18
9.4% scale ur;certainty not included B
S T PR T PR SR U PR PR 16—
2 3 4 5 6 7 8 9 ~
P, (GeVlc) B
14
Measure below 1 GeV N
(~100% soft physics). 12
A =0.002+0.002. .
Above p;=2 GeV/c, soft 10["AG=-G" "AG=0" "std" "AG=G"
physics contribution i l
estimated to be <10% 8l vl MY Y
Contamination from soft 1 05 0 05 1
physics asymmetry is small AGamey. " (Q%=1 GeV?)

Kieran Boyle
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SHZEN : . STONY
PrENE Sign Ambiguity =~ BRewK

Hard
Scattering
Proces

AG2 AGAQ  Ag?
* Dominance of two gluon

interaction at low p-

T

%]
s

x;P

: |
= present 10 A, data T e
cannot determine sign of AG. * F‘q;;‘q‘
» Solution: I
~ Higher p; > higher FOM (P4L) |~ ™ %
— Look to other probes: : __HH_E__R__ .
» Direct Photon (See Y. Goto, later |
in this session) s
« Charged pions " 2 4 & 8 10 12
Py (GeV)
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PH-“ENIX . . . STEONY

0.5

0.4

0.3

0.2

0.1

Sign Ambiguity | BR€\®K

With PHENIX RICH, charged pions above 4.7 GeV can
be identified.

At higher py, qg interactions become dominatant and so
AgAg term |n A, becomes significant allowing acces to
the sign of AG

Expect if AG>0, then:

+ 0 - 02 = 1 Run
QIIJLF(]TEG)\Tvﬁ\lLII:](glppALL(n ) i:,_ﬂE PHENIX Prellminary ‘ . n”Eun E

4 0
Fa

Fraction of pion production

o.os:— T

0.06—

90499 _

0.041

0.02F

i

-0.02-

.04 .04

1'|:| 1'_.} p; (GeVic) L _ ~ PT(G W c)
pr (GeV) Py (GeVic)
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PH-<ENIX BR&"SK

Improved FoM—->Run6

Run: 5206
Luminosity: 3.4->7.5
Polarization: 49%—2>62%

FoM (P4L): 0.20>1.11

Kieran Boyle RHIC&AGS User’s Meeting—June 18, 2007 19
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PH--ENIX Run6 TCO A|_|_

* Run6 scaling error
based on online
polarization values.
Final scaling error
expected to be ~10%

« Grey band is systematic
uncertainty due to
Relative Luminosity,
and is p; independent.

« Run6 Data favor “GRSV
AG=0" over GRSV-std

Theory v2/NDF | CL(%)

GRSV-std | 23.8/8* | 0.25

GRSV AG=0 | 7.9/8* 44

*Theoretical uncertainties not included

-0.01

Scaling errors not included

STONY
BRQ"SK
=, 40.05¢
-~ PHENIX Preliminary
0.04—
_ «Run5 (9.4% scaling error)
0'03:_ =Run6 (40% scaling error)
0.02c | Eﬁg;std
0.01 /_,/"'
- I GRSV|AG =0

-0.02

-0.03

Online Polarization values
used in Runé

—

2 3 4 5

Kieran Boyle RHIC&AGS User’s Meeting—June 18, 2007
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SHEN s STONY
hENXSensitivity of 0 A | to AG Brewk

= jo-os_
-~ PHENIX Preliminary
0.041
_ «Runb5 (9.4% scaling error)
0'03:_ =Run6 (40% scaling error)
0.02c GRSVastd
E I GRSV|AG =0 |
NN -
present -
X-range -0.01— . .
GRSV ktd - Scaling errors not included
'0-02:_ Online Polarization values [
- used in Runé
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
V0332 3 4 5 6 7 8 9
: / P, (GeVic)
N e T = ~GRsv v T
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PH. ENIX .. STONY
AG(x) C from Gehrmann Stirling BRSK

GSC-NLO: AG =[AG(x)dx = 1.0

0.3 Much of the first moment
G028 present AG = M?(X)dlx m|g{ht
g, X-range emerge from low x!

0.05

(=
-
IIII|IIIIIIII|IIII|III|IIII|IIII|IIII

’ \/_
-0.05
-'D.1 1 ] ] ] ] ] ] | | ] 1 ] ] ] 1 ] 1 | ] ] 1 1 1 ] ]l 1
10* 102 10 1
X

GSC-NLO: AG =], 5AG(x)dx ~ small >0
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SHZEN STEONY
" PHENIX 0 Ay, vs GSC-NLO BRESK

0.3

XAG(X)

$

NEED TO EXTEND
MEASUREMENTS TO
LOW x !

0.15

0.1

u.ns%—
X: \\/__ 0: AG =[AG(x)dx = 1.0
-u.ns%— — _
: icertainties resulting
R 2T functional form used
p_ (wevic) (% —<\~) in the QCD analysis!

GSC-NLO courtesy
of Marco Stratmann
and Werner Vogelsang
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N STONY
FENR - Extend x Range BREWWK

 To measure AG, need as wide an x range as possible.
« Planned Upgrades will help (see talk on Wednesday)

« By measuring at different center of mass energies, we can reach
different x ranges.

« We can extend our x coverage towards lower x at
Vs =500 GeV. Expected to start in 2009.

* We can extend our x coverage towards higher x at
Vs =62.4 GeV. > Run6 s

Extend to lower X  Extend to higher X
atVs = 500 GeV  at\s = 62.4 GeV

P

N L~
present
X-range
Vs = 200 GeV
0.5 T S A Ll L
10° 102 10" 1
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STONY
BRQ"SK

w0 A, at Vs = 62.4 GeV
for high x measurement

Kieran Boyle

RHIC&AGS User’'s Meeting—June 18, 2007
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PHENIX _Q STONY
n’ ALL @ Vs=62.4 GeV BRr&wK
< 1of, frompspatis=62Gev, | ¢ Short run with longitudinal polarized
8 L. PHENIX Preliminary prOtonseALL
e NLO pQCD . . .
ol (by W.Vogelsang) « Grey band is systematic uncertainty
o oM T due to Relative Luminosity
- 10°F —_ p;pT
© - e =P A TIZO
:':_F 102k T 01 LL( )
w .. 4 - N o s
b 00s. PHENIX preliminary
107} " F pp+5=62.4GeV
10} . 0.06
E 19% scale uncertainty N~ :_
107 = is not fmi'fuded | 0°O4:
§ 6 I PHENIX| 0.02] 4
a4 N
A ot |
2 : {
aft -0.02
0 2 4 6 8 - 40% scale error not included
pT(Gerc) —0.041_|||||||||||||||||||||||||||||

1.5 2 2.5 3 3.5 4
GRSV: M. Gluck, E. Reya, M. Pt

pQC D WO rkS 9 measure ALL Stratmann, and W. Vogelsang,

Phys. Rev. D 53 (1996) 4775.
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PH.ENI . . STONY
’Comparison with 200 GeVBREWK

R , o  Run5 200GeV final 27pb"  (49%)
T NG /2 Run6 62.4GeV prelm. 0.04 pb' (48%)
0
« At fixed x;, n0 cross 01 (™)

section is 2 orders of
magnitude higher at

62.4 GeV than at 0.06
200 GeV 0.04

« Converting to x;, we 0.02
can get a better
impression of the
Slgnlfl cance Of the -0.02 - 40% scale uncertainty
Vs=62.4 GeV data set, -ooabistotineluded | L
when Compared with 0 0.02 0.04 0.06 0.08 0.1 Xy 0.12

the Runb final data set.

—&— Run6 62GeV Preliminary _
—e— Run5 200GeV :"—---”_ _______________
PH--ENIX

0.08

0
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PHENIX Conclusions BRWSK

« PHENIX has measured cross sections at
Vs=200 and 62.4 GeV, and found that pQCD
describes our data well.

 PHENIX is able to probe the gluon polarization
In the proton through many channels.

* Run5 and Run6 ©® A | are a significant
constraint on the gluon polarization in the proton
In the x range [0.02,0.3].

— More luminosity at 200 GeV will enable us to address
the AG sign ambiguity with charged pions and direct
photons.

Kieran Boyle RHIC&AGS User’s Meeting—June 18, 2007 28



N STONY
PHAFENIX Outlook BRESK

* To understand the gluon polarization, we must cover a
wide x-range by varying the center of mass energy.
— PHENIX has begun this by measuring m° A, at Vs=62.4 GeV.
— s = 500 GeV running will also extend the low x reach.

« Detector Upgrades, such as the Silicon VTX, FVTX, and
Nose Cone Calorimeter will extend the x reach at low x.
— heavy quarks and Direct photons (see Y. Goto, later today)
« If we find AG is small, we must explore other

possibilities, such as Orbital Angular Momentum.
PHENIX is working on this:

— transverse spin effects (see tomorrow’s session)

— k- effects in longitudinally polarized protons (See D. Fields’ talk,
later today).
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PHENIX BRE'SK

Backups
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Prompt y Production SRR

Ed3c/dp® [pb GeV “c3]

10

BROSK
at Vs=200GeV

— [y ]
I I

Data-Theor
Theory
L o

- g
~(a) PHENIX Data B |
- Sp WP %P,
B — NLOpQcD B | o
= (by W.Vogelsang) ; \ H
- CTEQ 6M PDF | ) P2 S — ¢ A N
: BFGII FF S, 22 ‘ 929/ agag
E_ “=112stpT!2pT
= Run-3 AQ(X,) - AQ(X,) _ 4
= ALL o = ® : ®a|_|_(gq—)7/Q)
- g(x)  a(x,)
= hep-ex/0609031 :
E s
" PHENIX os I 1
S | ¢ ]
(b) 0.6 :— —:
ﬁ 0.4 :— —:
¥ : _ ‘
S E S R S B 02 F qq+egg+ ... .
0 2 8 10 12 14 16 i ‘
p:{-[GEVIC] 0 [ L L L I L
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PHTENIX Attempting to Probe k; from  3TONY
Orbital Motion

* Spin-correlated transverse
momentum (orbital angular Alndf 134715

momentum) may contribute e PO 0.6719:0.3874
to jet k. (Meng Ta-chung et - PHZCENIX Preliminary
al., Phys. Rev. D40, 1989) *C Run-5

* Possible helicity
dependence

 Would depend on
(unmeasured) impact
parameter, but may ’
observe net effect after 0=
averaging overimpact N~
parameter 21

jet 1 L —————— s jet 2
------------------------- e P, [GeV/c]

/(z)) [GeVlc]

2 (k) & 2)),
T T |h|J|
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PHZENIX . .. STONY
Photon Trigger Efficiency Brask
g [ = [
T ] T AIRIRE
-i-flfllirl I B IL]*[ : J
0.8f I 0.8 : [ |
0.6/ 0.6 }
1},4:_ 0.4:— ’
t}.z:— 0.2:—
ﬂ'l]-” BN B R TR 7Y '}n;"'zl"'alt"'é" 502
pt {GeV) pt (GeV)
Detector 1<pT<2 GeV/c |2<pT<3 GeV/c |3<pT<4 GeV/c |pT>4GeV
PbSc 6% 50% 81% 88%
PbGl 21% 72% 87% 90%
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