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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 Physics/University 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 Physics/University 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-
five 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 wunder
construction and expected to be completed this year.

N. P. Samios, Director
November 2004

*Work performed under the auspices of U.S.D.0.E. Contract No. DE-AC02-98CH10886.
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RHIC pp FYO5 Run
Preparation

Mei Bai
Collider-Accelerator Department
Brookhaven National Laboratory

4 R

Goals for Run 5
- Physics data taking

» Continuous machineé development efforts to achieve
maximum performance
2. Polarization '

TR,

A% Luminosity

- Machine development for the future

N | _/

Synder Room, CAD
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/ RHIC Runb projection

~

bunch # of # of £ store average £ocewear | polarization at
intensity | bunch | collision | [10* cm?7] [pb-1] store
o4 | points
Run5 0.7 56 4(3) 4.0 1.0 40%
Run5 1.0 56 4(3) 8.0 20 45%
goal
Runb 0.7 112 4(3) 8.2 2.0 50%
alternative ' :

_/

Synder Room, CAD

N

(Job List — Shutdown period

)

* During the shut-down
* improve the online model
* tune control
* chromaticity control

* beta: re-fitting for the new working point
* improve the off-line non-linear model

* improve the orbit control
* bpm upgrade

* predict the beam position for the missing bpm based on the

online model

* Spin tracking studies with the current working point

* orbit effect
* snake resonances

/

Synder Room, CAD



/ Job List — Shutdown period | | \

* During the shut-down _
* polatimeter upgrade ' T. D'Ottavio, Osamu, operation team

* 2 more user-friendly app]ication/
* helps to consolidate the useful information instead of
fumbling through different pet pages which ate only
supposedly to be used for experts
* a strip chart of polarization measurement is always good for
operations :

o automated tracking of target with beam position

. measure the beﬁm polaﬂ&'&%‘ﬁeﬁvg&%@ /dBHD distribution

* separate the DAQ electron®@fiiong?the three polatimeters:
RHIC Blue and Yellow polatimeters as well as H Jets polarimeter

\ igo, Dima, ....7 //

Synder Room, CAD

/Machine deveiopments for Run 5 \

* commission the polarimeter upgrades
* target tracking
* average polarization over the beam profile
* turn by turn spin precession measurement
* the integrity of the snake configuration '
* spin flipping
* ramp up to 200 — 217 GeV, depending on what type of light ions.
* injection & ramping with the rotators on

- )

3 Synder Room, CAD




(" summary

\

¢ Run 5 is expected to be a long run for Physics

¢ The Physics will start with the minimum performance we have
achieved during Run4 and expect to achieve best performance
based on the continuous tuning up efforts in RHIC and AGS,
esp. the AGS progress on the cold snake

¢ Efforts will also be made for achieving the goals for the long run

_/

Synder Room, CAD

-~

Preliminary Run Pian

™

=

* During the 2-weeks of setup (42 shifts)
* H Jets installation and common cavity short-out: 3 days: 9 shifts
* AGS synchro setup
* ps work if needed
* others
* establish injection:12 shifts
* injection kicker timing, circulating, capturing: 1
* set the rf frequency and adjust the dipole fields to center the beam:1
* rf loop setup: 0.5
* instrumentation setup: 8
* polarimeter
* Artus, transverse damper
* Bpms
- *WCM, PLL, IPM, BLY,, ...
* machine tuning: 1.5
® orbit correction, decoupling, chromaticity correction

_/

Synder Room, CAD



| FPreliminary Run Plan

* energy ramp development: 12 shifts
* +f setup: brho loop
* decoupling along the ramp
* establish tunes/chromaticity/ orbit at store
* decoupling at store
* cogging setup
* rotator ramp development: 2 shifts
* tunes/chromaticities along the ramp
» adjust the store f frequency for different path length
* establish the collision: 1 shifts
* IR steering
* fine cogging setup
* 56x56 bunch development: 4 shifts + 2 shifts of overnight store
» provide stores overnight for detector timing
* collimator setup
* vernier scan

- /

Synder Room, CAD

/ Preliminary Run Plan . a , | \\

* During the 1-week of ramp-up )
* continue the machine tuning 8-12 hours during the daytime and provide
production stores afterwards
* fine tuning of the ramp to improve the beam&polatization transmission
efficiency
* orbit correction
* IR non-linear correction
* chromaticity along the ramp
* snake current scan
¢ polarization ramp measurements
* During the production period
* deliver the production stores: operation crew
* scheduled paachine der glonmonts
* directly related to the RHIC spin program
* planned weekly beam-experiment
* more wide range

_ * ),

5 Synder Room, CAD




AGS Cold Snake Status

W. MacKay, BNL

for
RHIC Spin Collaboration Meeting XXVII
July 22, 2004
RIKEN BNL Research Center






PHENIX Spin
Run-5 Beam Use Proposal

Abhay Deshpande
For

PHENIX Spin WG
July 22, 2004
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RHIC Spin Meeting
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Expectation from Spin Run-5

We assume: 5 weeks (commissioning) + 10 weeks (physics) running
— Toward the end of 5 weeks commissioning we expect
e Fills for physics running (night shifts, detector tune-up)
» Tests of polarized RHIC at 500 GeV (see discussed later)

- — During the 10 wk Physics running:

e ~1 pb-1/wk --> 10 pb-1 (written) over all 10 wks
* Average beam polarization ~50%

Based on the success of Run-3 and Run-4 (machine) PHENIX plans to
make the first high sensitive measurement of polarized gluon
distribution using the n° production in polarized pp scattering

Transverse physics data taking during the 5-wk machine

-commissioning period. PHENIX will NOT ask for transverse physics

running during the 10 wk physics period.

RHIC Spin Meeting
PHENIX Run-5 Beam Use Proposal
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Physics & Learning during Run-5

e Physics:
— Double spin asymmetry in n® production leading to AG (pT-range
1.5 GeV/c to 10 GeV/c) ' |

e Higher momentum region important for the g-q component of

the polarized contribution, allows determination of the sign of
AG '

— Double spin asymmetry in charged pion production

 Relative sizes of double spin asymmetries for n+ and 7-
indicators of the sign of AG |

e Learning:
— Unpolarized cross section for direct photon (asymmetry in Run-6)

— Exploratory measurements of electron/muon final states leading
towards charm physics in PHENIX in future

m

RHIC Spin Meeting
PHENIX Run-5 Beam Use Proposal
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Contributing processes & NLO
corrections to polarized scattermg
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o Left: pi+, Right: pi- asymmetries. Statistical uncertainties for Run-5
shown. '

o Difference in shapes of positive and negative DG scenario need to be

measured. Probably pogsible only in Run-6

N

RHIC Spin Meeting
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Physics in Run-6

e Assumptions:

70% beam polarization
5+10/11 weeks of pp running

— At least a factor ~2 up luminosity compared to Run-5 => 20 pb-!
e Physics:

Direct photon double spin asymmetry
Increased statistics for charged and neutral pion production

Based on exploratory Run-5 measurements of transversity, a
certain fraction associated with this physics

Exploratory cross section measurements for electron and muon
physics (charm physics)

RHIC Spin Meeting
PHENIX Run-5 Beam Use Proposal
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Run-7 and beyond

N

« Assumption of PHENIX decadal plan (not writing on stone!)
— No spin pp in Run-7; only in Run-8,9

. Total luminosity written to tape 120 pb! and 70% beam polanzation
e Physics:

— Direct photon, photon-+jet with Si VIX (run 8,9 7)
— Start of charm physics (?)

— Muon trigger upgrade run-9 —>Exp10ratory W physics run-9 (‘7)
— Charged and neutral pion production

e When should we move to 500 GeV?
— Is W physics the only argument?
— Are there others?

m

RHIC Spin Meeting
PHENIX Run-5 Beam Use Proposal
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Wheh should we move to 500 GeV?

e Since W physics at STAR & PHENIX need detector upgrades
expected some time around 2009-10, people think of 500 GeV RHIC
running ONLY after that, in the “RHIC-II” era

¢ For polarized gluon measurements, it is important to cover as wide an
X- range as possible: the first moment is crucial, not just the value of
AG/G at a fixed or narrow range of x.

e What do we do if in Run-5 we learnt that A, («°) is zero or very small?

— Do we try to make finer measurements at the same kinematics or
should we go to lower-x? ‘

* Lower.x => higher CM (500 GeV)

- Assuming direct photon or photon+jet measurements would be the
“in” thing at the time we see:

, RHIC Spin Meeting
PHENIX Run-5 Beam Use Proposal
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~ Direct photon A, 200 vs. 500 GeV

()»3 HL) M ) 1 L] 1
Vs=200GeV 7| ¥s=1500 GeV
Ry tid, iy, <035 7 Re= 0, 1yl 038
0.2 | GRSV MAXg,”
L /" amsvsm | ORSY MAXg _,
v ',"‘l f:’",.r— GRSV Ser '."‘___‘u
\u\“ e
| GSCf ol
00 mi i++ ----- w -iinu.g% *
/‘
] 1. ] (] ) GS~CI
w 20 3 4 50 W 0 40 50
Ppy (GeV/e) Pry (GeV/ie)

320 pb-1 and 800 pb-1 assumed for 200
and 500 GeV

e Polarization 70% at both CMs & no
issues with the measurements

* Background levels low

 Relative luminosities issues under
control

Ratio of statistical uncertainty to the difference between different
polarized gluon distribution scenarios favorable at 500 GeV at
comparable pT of the direct photon.

200 GeV data only significant for Comparison with Heavy Ions?

RHIC Spin Meeting
PHENIX Run-5 Beam Use Proposal
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Summary

m

e Run 5 will make the first highly sensitive méasurement of AG and will
start exploratory measurements crucial for the rest of the Spin program

e Run 6 will focus mainly on direct photon physics and measure AG
using this method along with significantly improved statistics in
neutral and charged pions

* Runs 8,9 will consolidate the RHIC-I spin physics goals and embark
up on the next phase: gamma-jet, charm and W physics

e If gluon distribution at intermediate to high x is low, it might be worth
moving to 500 GeV RHIC running as early as Run 6

m

RHIC Spin Meeting
PHENIX Run-5 Beam Use Proposal
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RHIC polarized pp performance (04/28/04 - 05/14/04): Blue Beam
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Comments on FYOD pelarized pp physics run request

0 3+11 weeks (3 weeks setup and 11 weeks polarized pp collisions

0 Long polarized pp run is crucial to make significant progress on the RHIC performance

0 Physics goals: |
o Primary goal: Gluon contribution to proton spin (7 pb-1 at 40% beam polarization)

m A, of n0 production to py to ~8 GeV/c

m A, of inclusive jet production to p; to ~20 GeV/c

o Secondary goals: Transverse spin phenomena, provided that 7pb for the anticipated A;, measurements can be
achieved: Goal collect 4 pb-1 of transverse pp data
®m Measurements of transverse spin dependence of di-jet back-to-back correlations to the gluon Sivers
functions

® Analyzing power of forward =°production with the FPD besides BEMC/EEMC

0O Strongly endorse recommendation by C-AD

o Polarized pp run should follow measurements with another species: Commissioning work of cold snake (Success of
commissioning is not considered critical for the FY0J run)

o Other critical tasks: Spin flipper commissioning and 2506eV ramp (Impor-‘rdn'r for long-term spin program)
Bernd Surrow

RSC meeting
BNL, 07/22/2004



9¢

STAR A, projection (P=0.4 L=7pb™: Inclusive jet production

tCalculations provided by Jaeger, Siralmann and Yogelsang?
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A, for inclusive jet and :sfs:p

STAR A, projection (P=0.5 L=1 4pb‘1): Inclusive jet production
{Calculations provided by Jaeger, Siralmann and Vogelsang
T2

STAR A,, projection (P=0.5 L=14pb™"): inclusive x’ production

{Calculations provided by Jzeger, Stratmann and Vogsisang)
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STAR A, projection (P=0.6 L=4'2pb‘1): Inclusive jet production &TAR A, projection (P=0.6 ]L=42|1h“11: Inclusive production
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Lveek I Polarization

o Essential upgrades and improvements of the RHIC polqmzed pp collider

complex:
8 o FY05
» Survey and realignment
= AGS cold snake commissioning
» NEG coating 100m warm beam pipe sections
» 250GeV ramp studies
o FY06
= AGS cold snake operational
=  More NEG coating - essen’rlall
o FY07 ‘
» New solenoid for the polarized proton source OPPIS
a FY08
»  First 2006GeV polorized pp run (STAR B-year BUR)
o FYo9
RSCmestng Potential Tirst long 2506GeY productien run ? (Beyond STAR S-year %UP)

BNL, 07/22/2004

_Adequate time for cdmmissio'nzing’and B
luminosity developmen’r is absolufely

Bernd Surrow
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Expectations on RHIC performance

Integrated luminosity [ph ﬁ};

RSC meeting
BNL, 07/22/2004
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STAR 5452;.%;&;{ r‘E UR

TC o BNL

Ylomning Study for R
Fiscal Year 27 weeksiyaar BUP 32 weelks sach yeor run
{submitted 8/03) scenario
2004 5+14 Aut Au 5+0 pp 200 A% St S 5o gy 208 514 Aut Au 5+0 pp 200
200 200
. 5+9 Aut Au _ G+ Aut Au ‘
2005 Escan 5+5 pp 200 Escan 510 pp 200
549 d+A TR T oemaran |
v Au Al . :
2006 200 5+5 pp 200 - 200 F+11 pp 200
5+5 Au¥ Au T A e 10 Aut Au | 5% Cut Cu
. ] . _ :
2007 200 549 pp 200 298 Cut Ca 209 209
5+10 Aut Au A8 5+10 Aut Au ,
2008 200 5+5 pp 500 200 | &8 pp 200
Lomax At P2 : y @ el :
f =00 pp 76 pb” G ply? 156 ph*
fu,,, dt
post-TOF 1.4 nb" 0.3 iy 2.1 nly?
AutAun
What's Any Cu+Cu 200; 20d+39 | 5 foqg pi: 4 p o
missing? long pp 1 pp devel. chance

BNL-71881-2003
Long-ferm physucs goala such asi Frompt phoTon producnon and W producmn (50066V

running cr'mcall)
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Overvsew and ‘rame!me STA& “%“mf:‘k

d of a hew inner and forward STAR tracking system is mandatory

5 ) 0 ‘ ¢ in accordance with readiness of detector technology and beam development

© STAR ‘rmckmg upgrade program actively pursued by several STAR institutions
O STAR tracking upgrade working group
m W physics case (Flavor structure of quark helicities) .
m Heavy flavor spin case under investigation (Strong dependence of partonic asymmetry on heavy quark
‘mass- study of heavy flavor tagged jets): STAR Heavy flavor program driven by STAR's relativistic
heavy-ion program
s Simulation work and integrated design of detector layout based on pisxzi, silicen and triple-GER
techuslooy (R&D work has been s’rar-‘red) has been started
@ Possible scenario:
Stage 1: Installation of pixel detector together with a minimal new barrel tracking detector based on
silicon technology (-1 < v < 1) (Heavy Flavor Physics)

- Goal: Proposal by summer 2005

- Installation of new inner tracking system in time for next long Au-Au run
m Stage 2: Upgrade of the forward (inner silicon and outer GEM) tracking system (1 <n < 2) (W physics)
- Goal: Proposal by summer 2006

- Installation of forward sys‘rem in fime for 5006eV production run
e epinait with polamzed profons to achieve high luminesity

RSC meeting
BNL, 07/22/2004

Documented
in STAR

\, decadal plan -

i

. and
AGS/RHIC
PAC =

Bernd Surrow



Update on the H-Jet

(Discussion)
A. Nass, BNL

for :
RHIC Spin Collaboration Meeting XXVII
July 22, 2004 |
RIKEN BNL Research Center
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, Update on the H-Jet I

1. Polarization data
for 2004 run

‘Bl Dissociator

Yo ¢ )a
Mot

2. SFT slow turn on
fixed

3. Plans for TOF
measurement I sompoes

T Q
-3

Bitin qudiﬁg o
1~ field magnet

|, Sextupoles

I__{_I BRP detector

Alexander Nass, Brookhaven National Laboratory July 22nd 2004
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I Atomic polarization data '

Day B | avgrates+ | avg.raftes- | avg.ratesO Pol.+ Pol -
April26 | N 1049041 1043641 56.9+£0.2 +95.70 | -95.91
April 27 | N 10526404 10469-+0.4 55.9+0.1 +95.69 | -96.93
April 28 | N 1018041 1013441 54.14+0.2 +95.73 | -95.89
April29 | N Q716+£1 965641 51.540.1 +95.66 | -95.97
April 30 | N 10066+0.8 | 9999.6+0.8 50.74-0.1 +95.70 | -95.96

May 1 N 10169+0.3 10119+0.3 50.740.1 +95.73 | -956.92
May2 | N 10345+0.5 102884+0.5 53.0+0.1 +95.70 | -95.96
May 4 R | 9251.54+0.5 | 9232.040.5 54.340.1 +95.82 | -95.74
May 5 R 10602+0.7 105684-0.7 556.7+£0.1 +95.80 | -95.82
May5 | N 10791+0.6 | 1075540.6 51.540.1 +95.81 | -95.85
May6 [ N | 8388.840.5 | 8355.44-0.5 39.941 +95.78 | -95.89
May7 | N | 8971.34+0.6 | 8897.140.6 40.240.1 ? ?
8am to 4pm, instable behaviour of SFT -
Corrected 8971.31+0.6 | 8897.1+0.6 74.240.1 +95.42 | -95.93
May7 | N | 9141.5+05 | 9110.3+0.5 47.63-0.1 +95.79 | -95.84
after 4pm, stable behaviour SFT, everything OK
May8 | N | 9394.14+0.5 | 9350.94-0.5 47 241 +95.74 | -95.91
May@ | N | 9205.3+0.5 | 9171.4405 47.140.1 +95.78 | -95.86 .
May 10 | N | 9677.04+0.4 | 9635.54-0.4 47.620.1 +95.76 | -95.90
May 11 [ N 10133404 | 100844-0.4 46.440.1 +95.76 | -95.94
don’t use daia between 12:00 and 16:30 (2 programs running)
May 12 | N 1043504 | 10390404 47.640.1 +95.78 | -95.91
May 13 | N 1083840.4 10791+0.4 48.11+0.1 +95.78 | -95.92
May 14 | N 111964£0.6 | 111681406 49.140.1 +95.80 | -95.90

Mean values:

+95.734+0.05/-95.9140.03 (April 26-May 14, normal field direction)
+95.8140.01/-95.784-0.05 (May 4-May 5, reversed field direction)

Alexander Nass, Brookhaven National Laboratory July 22nd 2004
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I Slow turn on of SFT I

e

(X) static magnetic field

506+

e High frequency ftransitions used to exchange occupation
numbers of the atomic hydrogen stafes.
= Nuclear polarization

e Problem: Slow start up (up to 10s) of the strong field fransition
caused by creating short living plasma in cavity.

e Creation of the plasma depends on surrounding magnetic
fields, gas density and RF-power.

e Rise time of RF-power shortend after using RF-switch, buT pro-
blem still occured.

e Too many magnetic fields (static, gradient, main targeft field)
fo puls.

Alexander Nass, Brookhaven National Laboratory ' July 22nd 2004
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l Solving the problem I

Switching off the dissociator for 10 ms before turning on the SFT.
= Gas density reduced in the cavity.
- = Plasma creation suppressed.

Deadiime should be as small as possible but longer than the drift
fime of the atoms from dissociator to cavity (2ms)

50—
3 :
A g
e

Dissociator not pulsed Dissociator palsing on
400 G

o .
200

L4

< .

0 i i

5'0 100 150
« R0

Lines denote when SFT is turned on.

Alexander Nass, Brookhaven National Laboratory | July 22nd 2004
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I Plan for TOF Measurement I

e Recent TOF measurements done using a high frequency tran-
sition and BRP

But: Velocity distribution was altered by the sextupole system
of the BRR '
= No clear information about velocity af IR

¢ New planincludes insertion of a fast chopper (300 Hz) in cham-
ber #4 and measurement of the TOF distribution atf the IP

= Direct measurement of the velocity distribution at the IR
= Exact determination of the target density.

! Atomic beam ——>=- /l\ [\ /\_

Detector

Alexander Nass, Brookhaven National Laboratory July 22nd 2004
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H-jet problems and plans

A. Zelenski

RSC meeting July 22, 2004



oy

Turbomolecular pump failures.
Frequent dissociator maintenance.

Plans.
mprove dissociator operation stability and
ifetime between services..

Measure atomic beam velocity to get a better accuracy
for the target thickness.

Develop diagnostics devices for molecular hydrogen
component measurements.
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Ly

Status of Polarimeters:
Prcgress during 2004

Plans for 2005

Analysis of JET and RHIC pC

Where do we stand and what next

RSC meeting, July 2204 Alessandro Bravar et al.

NATIONAL LABORATORY
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® No more beam induced pickups !
— solved all intensity related issues
— works reliably up to and above 2 x 10! p / bunch

® Further developments in parallel with RHIC pC upgrades
- faster DAQ
= automated calibrations
== computer controlled Power Supplies

® 450 detectors ?
== in principle ready, need more electronics

® Pending issues to be solved before next run: TARGET !
- target position
== polarimeter chamber alignment w.r.t. beam

= Otherwise, ready to restart operations anytime
(few days to warm up)

e
TN

NATIONKL LABORATORY
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Performance

. OF, ns l =102 .
a0 T ' ' . ) 1600 .- ; - . 7 :
) o Tki.n.m 1 MR( dist /T()F)2 , ‘:_Typlcal mass reconstruction . I
| '5 Mg ~ 11 GeV
140 . 1200 - |
120 1000 GM ~ 1 GeV
30 4:” al‘)o‘a:ﬂjmlaomlooul{ﬁin'oo‘ on' »..-2...-4. .-s ._a.-...jlo...'lz...'l_‘..'.jls’. .-15 20
outer botlom detector EC’ keV | .l'f""" r;'-rhullﬂndaﬁw MR’ GeV :

- Very clean data |
- Good separation of recoil carbon from a (C* — o + X) and prompts

very low background, may allow going to very high |#| values

- Low %% of sequential measurements — stable operation |
BRODKHAUEN

NATIONLL LABORATORY
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Ultra thin Carbon
ribbon Target
(3.5ug[cm2 ,10pm)

Si strip detectors
(ToF, Ep)

B
30cm

RHIC x 2 rings

2 x 72 channels read out with Wave Form Digitizers (2 x 48 in 2003)

very large statistics per measurement (~ 20 X 100 events) — detailed analysis
— bunch by bunch analysis |
— channel by channel (each channel is an “independent polarimeter”)

— 450 detectors. sensitive to vertical and radial components of P_b:am
— unphysical asymmetries

,»/”w’:‘?
BROOKHEUEN

NATIONAL LABORATORY
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All Si detectors (strips) now parallel to the beam direction Recoil carbon

distribution

B peadout all 72 strips (48 strips in Run-03)
- approximately double the acceptance .
- no direct information about longitudinal target position

Beam

all Si strips o
“parallel to the beam

Additional information : revolution numbers

-» event builder
— complete time stamp for each event
~ although independent, all channels can be correlated

Lowered the Carbon energy threshold to get better dP/P
(400keV = 320keV) .

- AN=0.016, Nev=20M -> dP=1.4% (in Run- 03 2.0%)
<= however  smaller signals !
& more sensitive on dead layer correction !

Several minor improvements on electronics
-> Very stable operation / performance during the whole run

% Several ramp measurements
. ' BROOKHEVEN
Spin tune measurements NATIONAL LANORATORY



139

" calibration only at 22 GeV to + 30%
assume: Ay (E950) = Ay (24.3 GeV) = Ay (100 GeV)
soon will have absolute calibration from JET target

observed systematic error of relative measurements to AP = + 3%

* during ‘04 run very stable ope'ration

- effective Ay for each measurement very stable and around 1.5 %
== very low backgrounds

® energy scale
-~ dead layer energy correction

small change — small change in |t| — significant change in Ay(t)
-~ however radiation damage not an issue

® beam wake fields induced pickups
== solved in AGS, will be implemented in RHIC for 05 run

® beam polarization profile

- the pC CNI polarimeter sees only the beam center while BNl
the experiments & JET integrate over the whole profile m?mg. LABORATORY
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Si dead layer is estimated by kinematic fit (2parameters) to carbon locus

Energy scale set by AM a source

A run with low bunch intensity (~0.1x1 O“Ibunch) was used

M Dzstance

V elastzc

EBelastic = (Edeposzta D'w?,dth)

Tof(ns) =

Carbon locus based on (Amplitude, TDC

~ at max pulse height) is used for the fit

TDC bins at the periodical peaks:

fit example
for one strip

Me Fit result summary

i - pink — x2 of the fit
- mlth’

(highest, and lowest of 6-point  §
structure in WFD, expected to =
have wrong timings) removed
from the fit

. Dead Law {u glem’
,;aggggggag

ISSUES

" Dead Layer width |

{nm 52990{31) F'li.f_angg S S SRR

S Compariaana with Tandam tacte and 241Am aoures mascuramants are nacasaary, howaver,

uitimately the thickness of the entrance window must come from the actual data

B8 strip by strip distribution
~ blue — estimated values

Osamu

o T T T suiphamber
€ Mean value (54pg/cm?) large compared to estlmates from B lmplantatlon energy (40ke\!—) 33ug/cm?)

@ baseline shifts / subtractions, beam pickups, energy calibration, additional Si0, layer are possible explahations

€ Try other parameterizations for better fit results
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Polarization drop was observed, when the target was switched from

vertical to horizontal (black:24GeV colar"lOOGeV)

Pol in BLU
ik R 4 65

days from. 371
Pol in Yelloww

j--o2 05
it { 4 03
—eete] 02

S

days from 4/1

BN T

. _-Mar_izaﬁan

45"‘?--

- Eveut mteﬁntensity

It is understood that the flattop
(100GeV) runs in the last
1.5days (Black points) are
mostly taken at the center of
the beam .

Red points are the data from
other period of time when this
target was used (in April)

Longitudinal target position
was also confirmed to be
correct with - slope

False asymmetries

- (cross/radial) were normal

During the run the X45
asymmetires always
consistent with X90 ones ‘N

JRY



- 9¢

@ Polarization
B Beam Intensity

H Scan --horizontal
scan with vertical
target

V Scan — vertical
scan with
horizontal target

B ) ods” 1010'1020 1030' 5451950050 1@0' ~ 1860 1510 is"ié-'f"' 483~ "¥8d0
TR . _RetaryPosition. = . . ., L .. Rotary Position

large polanzatlon proﬁle in vertlcal d|rect|on (smaII profile in horizontal)
observed position dependent fluctuation in polarization measurements

an issue for “calibration™  the JET integrates over the full beam profile

t:h@ pC CNI polarimeter measures the beam center

NATION#KL LABORATORY
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alternate measurements with pp CNI (JET) and pC CNI polarimeters
about each hour

pp measurement: only fraction of whole statistics
pC measurement: > 2 x 107 events (full measurement)

TR R R R R

Share the same set
of WFDs for all RHIC

| l polarimeters

same WFD code for pC CNI and JET polarimeters

NATKO"IAL LARORATORY
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2005 pC'upgrades

i

== for 2005 run will use UHV components evérywhere
however not all materials can be baked
Definitively solve all target related issues

Rebuild polarimeter as the AGS to remove beam pickups

All upgrade works / developments expected to be fully completed before

the end of 2004 (vacuum, detectors, electronics, slow control, etc.)

~ however not in time for installation before the cool down
~ install during 3 day shut down for JET target installation
® New scheme for target controls and
New scheme for polarization measurements

* Faster DAQ
Upgraded FPGA algorithms
2"d generation Front End electronics

Solve all Si entrance window (dead layer) related issues

® however not yet ready for 120 bunch mode operation

A
BROOKHAUEN

. NATIQN'!{'L LABORATORY
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b&am (f) =~ Ay targﬁg; (m ,
f’c;r eiast:c sc:attermg onlyl

. b ta et
6 Si detectors covering blue beam | pbeam ptargat N N
MEASURE recoil detectors

energy (res. < 50 keV)

beam

time of flight (res. <2 ns)
scattering angle (res. ~ 5 mrad)
of recoil protons from

pp —> pp elastic scattering

___________________________

72 x 64 mmA2

Jet target blue beam

e

Acoil detectors

HAVE “design”
- azimuthal coverage

one Si layer only
=> smaller energy range
=> reduced bckgrnd rejection power

Si dctectors from BNL Inst. and Hamamatsu
Electromcs developed by BNL Inst. and Physms SRODIBTEN,
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i

: i | 3

b 3 £ 3 2 .

: measured selecting pp

Clec e ToF vs Epp( correlation

Tkm v MR(e:hst/"l"()]?)2

[ SEfall chan_ ~

_ recoil protons

£ 1800 elastic events elasticpp —>pp -
1600 RS ~ R —— scatterm
3 10 ' FWHM ~ 6 mm BRI
&W? - As designed
o200
"5 100} L background
= a0 118 cts. subtracted
% 600 =
5 400
g W5/
Z-ZOO: lll"";:v"l:vl!! ]11 I tl'!"lvl"l i | CNI kA :
S0 10000 50600036000 4000050060 G000 70000 36005 pca o SOULCe
Hor. pos. of Jet 10000 cts. = 2.5 mm 1 <Egpe< 2 MeV prompt events o
P REC P p calibration

| and beam gas
* recoil protons unambiguously identified !

* 100 GeV ~ 700,000 events at the peak of Ay,  ~ 100 hours

(~2 - 3 x 10° total useful pp elastic events)

* 24 GeV ~ 120,000 events at the peak of Ay, ~ 17 hours
(~4x10° total useful pp elastic events)

NATIONATL LABORATORY
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absorbed protons
8 & o & 8 8

fully

— —
o o (sgd
o Q <

(o]

hrough protons

ht

punc
2

[ ]

reconstructed missing mass My

2

pp —>Xp
elastic: X =p

FWHM ~ 0.1 GeV?

inelastic
threshold

/'\' C
d -
50 50 -
- - ~ [
- Jqoo .g C
N «..:.3.:.. E -
I ":‘:‘3150 o q>) N
: - O r
0 |
0 200" O 200 qa .
50 N
C C o -
- A 1T ¢ ; S O -
- - 00 - : K O
- X o ; Skt E -
- - 50 b 62X N
- - ® =1
o 200" 0 200 0O 200 u
- 50 50 C
L. - L }
- - - 0.5
- 00 - 300 — 'l
- - w F i
— 50 | Y50 - ’f?m
0 200° 0 200° a 200

0
200 ©

- TDC vs ADC individual channels

0.6 0.7 08 0.8 1 1.1 1.2 1.3

M, [GeV?]

pp elastic events
clearly identified !

NATIONAL LABORATORY
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data divided into 3 p energy energy bins

“Target”:

average over

beam
polarization

“Beam”:

average over

target
polarization

P beam —

an example: 750 < Egge < 1750 keV

=
]

target asymm
1

1 run 1 hour

| ¥*/ndfg2 54 / 53

Erarget

ONLINE = statistical errors only

‘no background corrections
o systematic studies ,_
no false asymmetries studies
" approx1mate run selectlon '

blue beam with alternating bunch

p(}iarizatmns: N

good uniformity from run to run
(stable JET polarization)

JET polarization reversed

each ~ 5 min.

Pyyn = 36.9% 1.9 %
(Ppeam @C CNI) ) =38.1 %
No major surprises 7

(statistical. CITorsS Ollly ') NATIONAL LABORATORY

oS
w;.;_:‘i’ ;;:
BROOKHAYEN
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in particular uppér limit on “physics” background asymmetry

®  Divide sources of backgrounds in different categories

® oasource: ~2-4%
unpolarized, uncorrelated — only dilution of measured asymmetries
cancels in double ratio ez / €1 — Ppeam |

~ beam gas interactions ~ 1 -3 %
(mostly from Blue beam)

= |

target interactions < 5%
(estimated from the “data”)

All backgrounds can be further reduced with tighter seléctions.

- This level of backgrounds will not change our "ONLINE" éonclusions,

however need to take into account when finalizing the analysis

More dedicated studies being performed

Iy
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99

* Complete Setup - install Si detectors also for the Yellow beam
several discussions with instrumentation division
agreed to process 16 wafers = should yield 8 good detectors
expect delivery sometime in December '04
then we need about 10 weeks for installation / operation readiness

e Slower shaping amplifiers and new shaper boards
e New hybrid preamplifiers

e Extend | { range = increase F.0.M. of JET polarimeter

o Add shutters to turn off the a sources for data taking

Prepare for the next run

ﬁ.«:fl‘ ’;
BROOKHAUVEN
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Measurements in the Cold Snake (HSD601)

* Integral dipole field in the main helical magnet:

— Full excitation curve using a 3.58 m long rotating coil.
« 3 separate windings (DB1, DB2 and Tangential).

— Integral from axial scans at 100 A, 300 A and 350 A.

— Solenoid corrector was off during the measurements.

— Results are subject to large uncertainties due to impact
of measuring coil construction errors in a helical field.

* Integral harmonics in the dipole correctors:
— Main dipole powered at 350 A; solenoid off.
— Harmonics measured at 24 mm radius, but scaled to

31 mm reference radius (for consistency).

August 11, 2004 Animesh Jain, BNL 2



Measurements in the Cold Snake (Contd )

» Axial scans using 51 mm long coil: .
— 67 axial positions in 2 inch steps, covering ~3.4 m.
— Measurements at 100 A, 300 A and 350 A.

— Harmonics at 31 mm radius (only 30% of coil radius):
 only a few low order harmonics are significant.

~

» Excitation curves in the straight section:
— Using a 51 mm long, 34 mm radius rotating coil.

— 3 axial positions; roughly at the centers of the three
sections with a well defined pitch:
» axial center and +£29.5 inch (~0.75 m) from center.

— Solenoid corrector was off during the measurements.
— Measurements at 20 A to 360 A; both Up & Dn ramps.

August 11, 2004 Animesh Jain, BNL | | 3
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Integral Dipole Field in the AGS Cold Snake

.0.0180 —T—T—T
- ~——==DBl1(Up) ™ DBI(Dn)
O 0.0160 41-----pB2p) A DB2DN) ' N S
. || =®—Tang(Up) X Tang(@n)| | .~ / -
= 0.0140 o— 7Scan —T 3% . -
= — L Y4 LI
E- 0.0120 | Z-Scan_ 9 an\gel}tial
o 0.0100 +—  Tolerance? ' A
= 0.0080
= 0.0060
&
£ 0.0040

0.0020
0.0000 -

0O 50 100 150 200 250 300 350 400
- Current (A)

August 11, 2004 | Animesh Jain, BNL 4



N ~3
2

Integral Field:l Dipole Correctors

* Two dipole correctors — one on each end. |
e Measured with the main dipole powered at 350 A.
 Solenoid is not powered during the measurements.

- » Measurements from +5 A to +40 A, and -5 A to
—40 A; both up and down ramps.

e Transfer function and harmonics are obtamed from
the slope of a straight line fitted to the normal and
skew harmonics as a function of current.

* The mtercept of the line gives background field
from the main dipole.

 Measurements at 24 mm radius, scaled to 31 mm.

August 11, 2004 Animesh Jain, BNL 5
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A0 (Tm@ 3.1cm)

AGS Cold Snake HSD601 LE Corrector Dipole (Runs 110 through 113)
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- AGS Cold Snake HSD601 LE Corrector Dipole (Runs 110 through 113)
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AGS Cold Snake HSD601 LE Corrector Dipole (Runs 110 through 113)

B2 (T.m@ 3.1 cm)
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AGS Cold Snake HSD601 LE Corrector Dipole (Runs 110 through 113)
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AGS Cold Snake HSD601 LE Corrector Dipole (Runs 110 through 113)
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Lead End Corrector: Integral Harmonics

"True" Fields ("units” at 3.1cm radius)

August 11, 2004
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AGS Cold Snake HSD601 NLE Corrector Dipole (Runs 105 through 108)
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AGS Cold Snake HSD601 NLE Corrector Dipole (Rims 105 through 108)
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AGS Cold Snake HSD601 NLE Corrector Dipole (Runs 105 through 108)-
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AGS Cold Snake HSD601 NLE Corrector Dipole (Runs 105 through 108)

O Up Ramp: 1.8690E-05 T.m/kA
xX Dn Ramp: 1.7102E-05 T.m/kA

5.8E-05

5.6E-05

5.4E-05

£ 5.2E-05

(&)
~ 5.0E-05
o)

®) 4.8E-05

t.." 4.6E-05
™

@ 44E-05
4.2E-05
4.0E-05

3.8E-05

August 11,

-40

i

1

i

1

-30

2004

-0 O
Current (A)

10 20 30 40

—

£

o
v
™

&
)
>
<

| R : g ra e I
= ﬁ_waa ® 2.0E-05 == , ><_ Si—ﬁ gg

0 Up Ramp: 1.9993E-05 T.m/kA

X Dn Ramp: 2.7623E-05 T.m/kA
3.0E-05 : T T -

2.8E-05

2.6E-05

2.4E-05

~h .
=

2.2E-05 . B

1.8E-05

1.6E-05

1.4E-05

1.2E-05

1.0E-05

40 -30 -20 10 0 10 20 30 40

Current (A)

Animesh Jain, BNL 15



88

AGS Cold Snake HSD601 NLE Corrector Dipole (Runs 103 through 108)
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Non-Lead End Corrector: Integ. Harmonics

"True" Fields ("units”" at 3.1cm radius)
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August 11, 2004

Axial Scans in the Main Dipole:
Harmonics in a

Space-fixed Reference Frame

Animesh Jain, BNL
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Axial Scans: Trans. Func. & Field Angle
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Axial Scans: Twist Rate
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Axial Scans: Dipole Terms
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Axial Scans: Quadrupole Terms
—-E—~.HSD601B6.101 100 A —<—HSD601C5.101 300 A --A-- HSD601CS8.101 350 A
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‘Axial Scans: Sextupole Terms
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Axial Scans: Octupole Terms
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Axial Scans: 'Decapole Terms
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Excitation Curves in the Main Dipole:
Axial Center and £0.75 m

August 11, 2004 Animesh Jain, BNL
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AGS Cold Snake: Main Dipole Excitation Curve
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Total 6-pole (unit @ 31mm)

~ AGS Cold Snake. Main Dlpole Exc1tatlon Curve
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Summary of Field Quality in HSD101

* Cold measurements have been completed in the
AGS cold snake (HSD101; a.k.a. DSM101).

» Integral dipole field is below 0.01 T.m at 350 A,
with an uncertainty of about a factor of 2.

» Transfer functions of the main dipole and the skew
dipole correctors are as expected. |

* Only a few low order harmonics could be
measured with the available probes.

* Field quality of the main dipole, as well as the two
skew dipole correctors, appears satisfactory.

August 11, 2004 ~ Animesh Jain, BNL _ 30



AGS Cold Snake Update

W. MacKay, BNL

for
RHIC Spin Collaboration Meeting XX VIII
September 2, 2004
RIKEN BNL Research Center
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£ AGS Cold Snake Status &

e Cold mass completed and tested in vertical dewar.
e On cooldown: short to ground developed on inner coil.
Completed test with floating supplies.

e Short repaired and cold mass being prepared for another dunk into LHe
o Magnet division on break next week.

‘2 o Schedule

o Cryostat parts in shop being machined.

o Cold mass into horizontal cryostat: ~10 Nov.
o Cryostat to be completed: ~mid Dec.

o Cooldown and test starts just before ~Xmas
o Est. delivery to tunnel: 7 Feb., 2005

Olides of measurements from Animesh Jain:
‘http://www. agsrhlchome bnl.gov/RHIC/Spin/ spmﬁgs / hsd6015um pdf

PO - RHIC Spin Collaboration
mﬁﬁg &ml el %!i‘a&gsjmv Waldo MacKay 2 Sept., 2004
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LRamp and Quench, etc. Tests &

901

e Used actual power supplies and quench protection circuits for use in AGS.
(A lot of stuff has been debugged!)

e Magnet thermal cycled 4 times with no other problems than the one short
to ground.

e Some training quenches plus quite a few quenches to check out protection
scheme. |

e All four coils achleved design current.
e Helix and solenoid: 350 A, dipole correctors: 25 A

e In vertical dewar, it is possible to quench the solenoid without quenching
the helix.

RHIC Spin Collaboration
@;ﬁggl{iﬁﬁﬂ%ﬁ Waldo MacKay 2 Sept., 2004
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Prellmmary Result of A Measurement in p'p’ Elastic Scattering

at RHIC, atV s =200 GeV

Wiedek Guryn
for pp2pp coilaboration
Brookhaven National Laboratory, Upten, NY, US4

OUTLINE of the TALK
 Description of the experiment
e Description of analysis
« Results and interpretation

« Where do we go from here?

RSC Meeting Whodek Guryn
BNL, Sept. 2, 2004 for pp2pp collaboration

D
BROOKHEVEN

NATI ON»AL LABORATORY
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Spin Dependence in Elastic Scattering

Five helicity amplitudes describe proton-proton elastic scattering

@, (s,8) o< (++| M | ++) <= non — flip 0.(s,t) = @™ (5,£) + 0/ (s,1)
@, (s,1) o< (++ | M | —) <= double — flip 1 -
¢3(.Sat)°°<+—|M|+—)<=non—ﬂip ¢+ ?(¢l+¢3)
¢4(sat)°°<4_|M|—+)(=d0uble—ﬂip ¢—=A(¢1_¢3)
¢5 (S, t) oc <_}_ | M | __+> &= Siﬂgl@-ﬂi}) ¢ihad — ¢iR + ¢iAsympt.

- Some of the measured quantities are

4z
O o (S )= T_Im [¢+ (s,t )],=,, Regge Model of g, of gives s dependence of ¢,
do 2r , :
= (o +10, [ +|0 +|0,|' +4|0;[*)  Contributes to the shape of Ay
A
~ RSC Meeting Wiodek Guryn | | BI‘IIII)I(IIM&EN

BNL, Sept. 2, 2004 for pp2pp collaboration NATIONAL LABORATORY
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Principle of the Measurement

« Elastically scattered protons have very small
scattering angle 0%, hence beam transport

magnets determine trajectory scattered protons

m &7 m ’ . .. .
¥ N 1 | ’ = The optimal position for the detectors is where
LQ.J:% AmA A Gl L scattered protons are well separated from beam
i AN AmB Atm A B W

protons

‘ Eladic trigger d etector
§ (scintillator)

 Need Roman Pot to measure scattered protons

x-detecior (dlicon)

Scattead 30t ecor (iioon) - close to the beam without breaking accelerator

proton

vacuum

Beam transport equations relate measured position at the detector to scattering angle.

@ D x 4 1
a, L.  a, a s . .
Xp 4 I o B 14 x‘l XoYo: Position at Interaction Point
S8 . a, a, a, a, ||9O, O*, ©*,: Scattering Angle at IP
yo | — a, a, a, Lﬁﬁ Yo Xp, ¥p ¢ Position at Detector
y * O%y, ©Y, : Angle at Detector
gy Ka41 Ap 4y Ay J \®J’ J
RSC Meeting - Wiodek Guryn BROOKHRUEN

BNL, Sept. 2, 2004 for pp2pp collaboration NATf ONAL LABORATORY
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Angle (hit) Correlations Before the Cuts

Events with only eight hits

Note: the background appears enhanced because of the
“saturation” of the main band

| O vS. O, arms:AU-AD atthelP . i lghﬂl_l??’ ]
e Ouan V8- Ouan AT e R o 12
T ' ' - Meani x. -0.03759.1

RSC Meeting Wilodek Guryn Blillol(llninan
BNL, Sept. 2, 2004 for pp2pp collaboration NATIONAL LABORATORY
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Hit selection

Pedestal value, pedestal width (6) and dead channels (only six) were determined;
Valid hit, single strip, has dE/dx > 5o above the pedestal;

Cluster size is £ 5 consecutive strips above pedestal cut;

oW o

Valid hit in the Si plane for event reconstruction:
. is a cluster whose dE/dx > 20 ADC counts above pedestal and
o is within fiducial area of the detector (slide);

. has for a y-plane y > 0.2mm from the edge of the detector.

5. Coordinate for x and y formed from adjacent hits in Sin for each Roman Pot

After ﬁndihg matching hits in x and y:

. Choose events with one track in x and one track in y and 2 6hits.

. Veto on the Sc signal in the opposite arm, TDC cut.

- Choose collinear tracks within 3¢ in angles.

. Plot dN/dt and calculate asymmetries.

RSC Meeting Wiodek Guryn BROO .(“A‘X'E"
BNL, Sept. 2, 2004 for pp2pp collaboration NA?I_?*NKL LABORATORY
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Calculation of Scattering Angle

1. Using matched hits scattering angels can be calculated.

2. Use transport and and average (X, ¥,) and beam angles
obtained from vectors reconstructed using all eight RPs.

3. Make z-vertex correction using ToF.

e Before ToF | After ToF
" | Aexvs oxArmA |
- 1
oo 0
0.6 -
= 0.6
.3 oAl
0.2 -
- 0.2_—
05— OE—
0.2 o
E 0.2
D4 -
- 04—
0.6~ -
I 0.6
0.8 -
= 08—
40 | t o e o bva v braa o b oo e s sl gy E
2 1.5 1 0.5 0 0.5 4 1.5 2 .1LllllILII|||II|III|'IIII|III||II|I|IIII
2 R
["-Im’] [mrad]
RSC Meeting : Wlodek Guryn BROOKHAVEN

BNL, Sept. 2, 2004 for pp2pp collaboration NATION AL LABORATORY
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Coll‘inearity:A@X before and after z-correction,

and A@Y

| arm-A A0, atlP | | arm-A A6, atlP |
14000 —_ -
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RSC Meeting
BNL, Sept. 2, 2004

for pp2pp collaboration
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Determination of Ay

Use Square-Root-Formula to calculate raw and false asymmetries, since it cancel luminosity
dependence. It uses T, 41 and TN, 4T bunch combinations. ‘

NV _ [T i
AN(¢)= 1 Ny Ny —\Ng _J_VL
(P, +P)cosp [NTTNH 4 /NIT{TN#

' T ardt T
AFalse(¢)= 1 \/NL NR _\/NR NL
N
N +P2)c0s¢W+JN;¢NtT
RsCMestne Wiodek Guryn BROOKHEVEN

BNL, Sept. 2, 2004 for pp2pp collaboration NATT ONAL LABORATORY
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Preliminary Results: Full bin 0.011 < -t <0.029 (GeV/c)?

_Fit Ay cos(¢) dependence to obtain Ay

[ AyArmA+B,0.011<t<0.029 | o2 I ndf 20_33122. [ False A,Arm A+B, 0.011<t<0.020 | ¥ ndf 2181722
S 008 po  0.03027:0.00586 5 0.06 po  -0.000315:+ 0.004140
7 ot %, 005E-
< = E

0.04F < 0.04F-
0.03 0.03F-
0.02] 0.02F-
© 001 | 1 ,; 0.0 iJ[ H% 1. l
0 0 | ; Ll l i | | !
i o i TP

0.01F o Q.01 T ‘HT ' ]LT
0.025 - | | 0.02F- ]L
0.035- | 0.03F .

‘:l I kI -} I L.l 1 | 131 l 11 I ) T | k 2 | I I - | ' 13 3 ' 1 EI ' i 1 I L1l [ 11 1 I L S | .t 1 1.1 Ll 11 3 i
B T T T ST R M R TR TR B T N

0 ["e%] ¢ [deg]
N < .
ArmA Arm B
RSC Meeting Wlodek Guryn BROOKHAVEN

BNL, Sept. 2, 2004 for pp2pp collaboration NATVTQN AL LABORATORY
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Results: Py, + Py, = 0.67 (central value) and CNI curve
(Ot » P from world data, B from pp2pp result)

One point for the full | Two points for two half
t-interval [0.011,0.029] intervals
[Au] [Ay]
é0.0G ‘?0.06
005 Preliminary 0.5 Preliminary

0.04
0.031 ) +
s o.ozg- - |
o.o1ir ' | o.o1i»

[ W I I WS W T || RIS PRI AR ARV IR NAPRPAT PRI RS

0005 0,01 0015003 " 00Z5 0.03 0035 0.0 00005 0010015 0.02 0025 0,03 0035004
4 [(GeVic)’) £ [(GaVic)]

Note: Py iow’ Pame = 0.67 can vary by £ 15% ( a working number)

~ RSC Meeting Wiodek Guryn Bnnnl(“ﬁﬂﬁﬂ
BNL, Sept. 2, 2004 for pp2pp collaboration NA?} ONAL LABORATORY
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Future Possibility — Big Improvement

dN/et, 20 metar B*, Kicker & IPM IN, 15 mm pot position (V&H)
45000
40000 Aﬁu. SR A S O ‘o
(3 o ¥
35000 - :
2 [ l
30000 ;
E h i
g 25000 w ' <
% ool |1 :
15000 |t -
-»
10000 - )
5000 | e
5 i)
11 L

0.000 0.010 '0.020

< Full acceptance at Vs 200 GeV
Without IPM and kicker

rmemee With IPM and kicker

wrpEen 2o

Vs (GeV) B* [t|-range (Gev/c)? Typical errors
200 20 m 0.003 < [t] < 0.02 AB = 0.3, AG\,=2 -3 mb
| Ap=0.007 and AA\=0.002
Costic: $ 25k
RSC Meeting Wlodék Guryn Bnnﬂl(IIMEN

BNL, Sept. 2, 2004

for pp2pp collaboration

NATI QN/KL LABORATORY
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Summary

1. We have measured the single spin analyzing power Ay in polarized pp elastic
scattering at Vs = 200 GeV in t-range [0.011,0.29] (GeV/c)?.

2. The Ay is = 4-50 from zero.

3. The Ay is = 1-20 away from a CNI curve, which does not have
hadronic spin flip amplitude.

4. We discussed interpretation of the result by Larry Trueman and Boris
Kopeliovich.

RHIC is a great and unique place to do this phySics!

BNL, Sept. 2, 2004 for pp2pp collaboration NATIONAL LABORATORY
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l Updatie on the H-Jet l

1. TOF measurements

2. First setup to measure
the degree of
dissociation using
an electron gun
(JET beam analyzer)

TOF—-chopper

‘Dissociator

QMA

Alexander Nass, Brookhaven National Laboratory
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I Sextupoles

r~Holding .
— field magnet

. s Sextupoles

o =

[ srra
BRP detector

September 2nd 2004



l TOF Measurement I

o TOF measurements done using a high frequency transition and
BRP

But: Velocity distribution was altered by the sextupole system
of the BRP _ |
= No clear information about velocity at IR

e New setup includes insertion of a fast chopper (up to 300 H2)
in chamber #4 and measurement of the TOF distribution at the
IR :

= Direct measurement of the velocity distribution at the IP

= Exact determination of the target density.

I

Atomic beam —>>

Detector

length s

Alexander Nass, Brookhaven National Laboratory September 2nd 2004
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I TOF Measurement I

2
x10

E:ﬁ

045

04

035

03

,: //\\
o1 / \\

NG
0.5 - -/ | -~

% %1 0z 03 o4 D05 06 07 08 09 1
time (ms)

e Light break on the chopper gives reference time
e Time measured until atoms arrive at the QMA

e Signal is a convolution of the velocity distribution of the atoms
and the so-called opening function of the chopper window

I » Opening function

NN

t

= Deconvolution hecessary

Ale_xdnder Nass, Brookhaven National Laboratory September 2nd 2004
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l TOF Measurement I

e Parametrization of the TOF signal necessary for deconvolution,
but difficult due fo non-Maxwellian distribution.

¢ Influence of the opening function is decreasing as the speed
of the chopper increases.

.= Measurements at different speeds and extrapolation.

F) 07 X/ndf | 8785 / 5 g
- Pi 0.3692 0.5917E-62
.E 0.65 e, 4.154.2 0.5301..
£

0.6

0.55

0.5

045 J—

[
04 de
[ +
0.35

0'30 0.0025 0.005 0.0075 001 00125 0015 00175 0.02

1£(s)

= Result: v = 0.65m/0.369ms = 17604+20 m/s

Variations in dissociator parameters (Hz flux, Thozie. Prr) changed
this value by 50 m/s maximum since the velocity is almost fixed by
the fransmission function of the sextupole magnets.

Alexander Nass, Brookhaven National Laboratory September 2nd 2004
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‘ Areal density of the JET I

FWHM of the JET (measured): 5 5mm

Measured intensity of full beam: 12.5 - 10'° o’roms/s
Using measured velocity: p, = 7.35 - 10"° atfoms/mm
Assuming Gaussian distribution:

(2 .2
exp (z° + y°) M

wo? 202

f(z,y) =

e Density for RHIC interaction (square of Tmm x 1mm)':v

0.5 0.5 Io'e)
/ / / f(z, y)dzdydz
—0.5J-0.5 J —o0

1.19 - 10'%atoms/cm? (centered beam)

PRHIC

= 1.09-10"%atoms/cm® (Imm off center)

0.84 - 10%atoms/cm® (2mm off center)

= Centering very important

Alexander Nass, Brookhaven National Laboratory September 2nd 2004
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I JET beam analyzer setup (Wisconsin) I

Cup (pA)

=
—

A

: 3
Magnetcurrent (A)

e Resolution of mass 1, 2, (14+16+18), (28+32) achieved

e Next tasks: |
- Improve resolution (separate mass 14,16,18,28.,32)
- Verify that the peak heights and/or peak integrals reflect
the gas composition. Will be done with water vapor whose
cracking ratio at our e- energy of 600V is known to 2%.

Alexander Nass, Brookhaven National Laboratory September 2nd 2004
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B Update on RHIC pC

CNI analysis

Osamu Jinnouchi (RBRC)

L - - for CNI Group
~ AtRSC 9/2/2004
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m Obtain the absolute An for pC elastic
scattering

1 Calibration with Jet target data
i Get the energy dependence (24,100GeV)

I Quote reasonable systematic error of the
measurement

1 Fit —t dependent An with the function and get rs
parameter

(updates of polarization values for each run will be)
e

done, when this study is converged (i.e. after th
conferences...)

9/2/2004 Osamu Jinnouchi ar RSC
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Main systematic error sources
= Sl dead layer estimation (define —f range)

.. Carbon cut condition dependence (bkg
contamination, defined by invariant mass)

"1 False asymmetries (device oriented)
1 X90/X45, Y-asym, Cross-asym
1 Si strip by strip differences

i+ Calibration error from jet

1 Any other dependencies on AN

it Other errors are negligible....

9/2/2004 Osamu Jinnouchi ar RSC
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S| dead layer: effe‘ct onsystematlcerror

SETe k.
5.? % ﬁ.i‘m‘f

m The thickness of dead layer is
estimated from the fit of banana
curve (Tof vs. Deposit Energy)

m The results have a strong
correlation with the luminosity

m The kinematics is actually
changing from Injection to Flattop

m Since we do not have the definite
understanding of this mechanism,
the size of systematic error is
estimated from the size of
distribution (in each energy) R .

m The mean values of the
distributions are used as constant
dead layer

9/2/2004 Osamu Jinnouchi ar RSC a4
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" Si dead yer distribution

' AVERAGE (FL)71 02 (1J)54.57

2

-
-
(=

P flattop
P injection

LI N W § SN S Wl RO R - ,L.Q.J.wwl. P S} J.J!.,I ) DU TSR WO S ..'.»,...J....m,.l,m.l - ....._l...m-

04050 ggyT0

m The data points are the Mean of the each distribution (error
bar represents RMS)

n The size of ambiguity in determination of the dead layer is +/-

~10ug/cm2 which corresponds to ~+/- 25keV shift in recoil
- Carbon energy > dAN/An ~ 5%

9/2/2004 Osamu Jinnouchi ar RSC 5
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=

m Once the dead layers are fixed
(determined), the timing (TO) is |
corrected for each strip/ each run e RS
to bring the mass to Carbon’s Lo

I R Gt RN T I o Loy Doy IS SR -
"“300 400 500 . 800 700 . BUD - . 900 1000 - - 1 -
) - - B . - .- Endrgy Deposit (keV) -~ - -’

 Tmsotiit) |

m Carbon cut is done with Invariant ,
mass information (at online, timing =~ Ceterese ) .0 o0 s o]
cut +/-12nsec was used) S AL ey )

m Good quality carbon band is | T
obtained in the range

300keV<Ekin<1300keV
(0.007<]t[<0.029)

m The range 400-1000keV is used
for calibration

9/2/2004 Osamu Jinnouchi ar RSC | 6
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~ Carbon PID(2)

m About 85 CNI runs are
selected as the calibration
runs with Jet

m The centroids are

stable/constant, the sigmas

of the measurements are
quite stable and
reproducible

m 30 (10,20 as well) cut is
used as Carbon
identification

9/2/2004

1n)7+901' .
1mtb.oue :

12
1
10
9
801'02I03IO40 50”“6})”“70””&315
§ 2 v
[
w oo, S
1. .d.r.n-. :‘: *
100GeV data 24GeV
0.5 i
......... g i

subsequent runs.
Osamu Jinnouchi ar RSC
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" Raw asymmetry ~t dependence

EB =100 GeV Promising data quality !
G | even before preliminary m Y45
So.008 /. CR45
£ - E
) [ ‘ O X90
[ g -
200061 O Xd45
o N : ® Xaverage
0.004— " |
_ #
= L
0.002|— g >
= stat error only | 8 i % There is also a data set
|~ . - ere Is also a aaia se
of . Sarrootformula . & . 5 | whichhesx2—trange
- n ’ ¢ " ? ¥ - ) % | (notanalyzed yet)
.0.00_|||||||||||||||||||||||||||||||||||||'||||||||||||
500 400 500 600 700 800 900 1000 _1100 1200 1300
Carbon Energy (keV

] x90, x45 agree well |
® false asymmetries (Y49, 6ross) are very small

m not calibrated yet (but the shape will not be changed much)
9/2/2004 Osamu Jinnouchi ar RSC 8



,-;‘

" The effect of the dead layer uncertamty o

[E, = 100 GeV
> 00—
3 b m If we consider the case 70+/-
§°-0°3_- \ 10ug/cm2, this uncertainty
o L corresponds to
©0.006 — ’
2 T . “ +/-25keV around 400keV
“0.004- J n +/-50keV around 1000keV
o0E 1 s , | whichend up with 5% change in
o[. :1l. _nominal=trange i 1 L. _ . __ average AN
- m relative 5% is still OK for
0.00pL Ly

lll' L1 1.1 | | ' P il I | I ‘ L1 i l | . ) ' Li 1t 1 |I|||' ' - - L4
400 500 600 700 800 900 1000 1100 1200 1300 Run-04, but it will be major
Carbon Energy (keV concern for the coming runs

9/2/2004 Osamu Jinnouchi ar RSC 9
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’éHaving a jet ng every year
/ dead layer estimation

- m Absolute Si dead layer info is needed for
1 AN Physics

m The jet data is only in Blue

m Relative values are still OK for
i Polarization measurement for Run04 Blue

(Once we define —{ range, no need to know the absolute value)
1 As long as we have Jets_in both rings in every year

9/2/2004 Osamu Jinnouchiar RSC | 10
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Loitenerd

9/2/2004

m The quality of the asymmetry —t dependence
is encouraging !

m Calibration by Jet (Absolute Ps) will be
carried out very soon -

m EB dependence (24/100GeV), extraCting
hadronic spin-flip contribution (rs) is the goal
before the next RSC meeting in Trino

Osamu Jinnduchi ar RSC

1
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" back up slide

m Fits with non-relative klnematlcs |
1181.6 -

to.f(ns)= \[]—5’_—
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‘ " Fit to Carbon Iocus
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S Bon .
o © _Energy Deposit (keV)

m With the factor 1181.6, the fit is forced to the Carbon mass
(11.17GeV/c?, assuming the distance 15cm)

m Non-linear effect of dE/dx is expressed with approximation

9/2/2004

Osamu Jinnouchi ar RSC
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Polarization profiles have been measured in RHIC this past year.
Evidence is seen for lower polarization in the edges of the beam
compared to the center for some profiles.

Data from three scans taken during fill 5236 have been analyzed:
— Individual bunch centroids and widths were calculated

— Average asymmetries for narrower and wider bunches have been
computed.

Some tentative conclusions are drawn.

RSC meeting
2 September 2004
H. Spinka
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2004 Scan Déta from Osamu

Horizontal scan for fill 5236 in blue beam (vertical target).
Vertical scan for fill 5236 in blue beam.

Vertical scan fdr fill 5236 in yellow beam.

Vertical scan for fill 5341 in blue beam. -

Vertical scan for fill 5341 in yellow beam.

- All scans are at flattop. All have roughly comparable dropoff in

asymmetry far from the bunch center.

All are from scaler mode data, and'were at the beginning of the fill.

However, there were beam losses during the scans due to scattering
from the polarimeter target.

(There are two scans at injection in fills 5208 and 5209 as well.
These will be analyzed in the future.) |
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Horizontal Polarization and Intensity Profiles

These data are for

~ the blue beam and

with a vertical ribbon
target (horizontal :

scan — scaler mode).

These data Were
analyzed by Osamu
Jinnouchi.

Note that the rotary
position range of
1150 — 1200
corresponds to
about 5 mm

for Fill 5236

ey
——
e
)
L
i
-
e
s
j
] K.

BTTT
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Bunch Centroids and Widths Computed
from the Horizontal Scan in Fill 5236

144!

Bunch Centroid Bunch Width

30
25 +
20 +

16 +

No. bunches

10 +

No. Bunches

© ¥ o8 @l o KAl Ak 4% a? R :

N N N ™

N A ,\'(\ ,\'(\ N QA '(\ ,\'<\ ,\'(\ N /\. q;.l’ 2 ofb '\Q.b ’\r\.b‘ '{1:.1’ '{b \(b.
Bin (0.1 mm) Bin (0.1 mm)

* Acorrelation of bunch centroid with width is observed, but the effect is very

small and it may be caused by asymmetric limits in the range of measurements.
T0 a good approximation, the centers of all bunches are equal.

* Note the long tail on the bunch width distribution.
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Bunch Profiles for the 5 Widest
and 5 Narrowest Bunches

Bunch Intensity Profiles
20000 _
18000
' —e—Bunch 7
16000 ) —m—Bunch 21
14000 +——— -~ - Bunch 15
— 12000 4— ~3¢—Bunch 39
N .
b= 10600 ’ —»—Bunch 27
2 o —e—Bunch 49
& 8000 }— wieee Bunch 77
6000 -}-- v —=—Bunch 75
4000 4 ' e BUNCH 73
‘ Bunch 61
2000 -
0 — T “ o B . e = g ma—
1140 1150 1160 1170 1180 1190 1200 1210
Rotary Position (0.1 mm)

* Blue beam bunches shown are plotted from widest to narrowest (out
- of 120 buinches, with the numbering starting after the abort gap)

(Bunch 21 is “kicked” during the ramp to measure the tune.)
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Statistical uncertainties
on each point are about
+ 0.0008 - 0.0016, and

half that for the average.

The uncertainties are -
largest at the edges of
the bunches.

(4.66+0.24)x107
(Emid_narr ) = (4.99£0.25)x10°°

)=
( Emid wtde> (4-32i0.24)x10—3
< wzde> (492 + 024) %1 0-3

< narrow

I

* The 56 bunches were séparated into 4 sets of 14, each with 7 + and 7 —

Asymmetries vs. Position

Asymmetry vs. Position

©0.001 4

0.000 4o

1140

1150 1160 1170 1180 1190 1200 1210

Position (0.1 mm)

—e— Wwide
—m— mid wide
- mid narr.
3G NATTOW
—¥— average

bunches, approximately according to width. The average asymmetries appear

equal within stafistical uncertainties. Each of the 4 sets are consistent with
being constant as a function of position (x2 = 10.7, 13.7, 7.5, 7.3 for 11 d.f.).
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Revised Plot of Asymmetry

Profile

Asymmetry

0.008

Asymmétry vs. Position

0.006

0.004 -

0.002

0.000

1140

1150

1160

1170 1180 1190 1200 1210
Position (0.1 mm)

i Wi
—— mid wide
~ == Mid NArr.
- NAITowW
—¥— average

» This plot is identical to a previous one, and shows error bars. All
asymmetries appear consistent with a constant value ~ 0.0048.

« The scan was taken near the beginning of fill 5236 in scaler mode,

in two passes from small to large position values. (Blue beam,
horizontal profile, vertical polarimeter target.)




81

Vertical Intensity Profiles for Fill 5236

Bunch Intensity Profiles

20000
18000 —+—
16000 - ' —e—Bunch?7
—m— Bunch 21
14000 ‘ .- Bunch 15
& 12000 = -3¢ Bunch 39
< —%— Bunch 27
10000 -+~ .
2 o —e— Bunch 49
¢ 8000 +— , —+—Bunch 77
6000 +—-mv Bunch 75
- e BUNch 73
4000
. Bunch 61
2000 +
0

980 990 1000 1010 1020 1030 1040 1050 1060 1070
Rotary Position (0.1 mm)

* The vertical intensity profiles for the same fill and the blue

beam as for the previous horizontal profile is shown above.
The same bunches are also plotted.
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Correlation of Bunch Widths for Fill 5236

Fill 5236 - Blue Beam
24 - _
< Fill 5236 - Blue Beam
’g °
;: 20 ry
£
3 *
S *
[ =
2 16 had
3 ¥
§ eo®
12 T T = T T 1 T T 1
7 8 9 10 11 12 13 14 15
horizontal bunch width (0.1 mm)

The vertical and horizontal widths of the bunches in the blue beam for

fill 5236 are well correlated. (What about the longitudinal profile??)
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 |Inserted comment by du:

* Is correlation because rms depends on
amplitude with the size at the base
constant?



Bunch Centroids and Widths Computed
from the Vertical Scan in Fill 5236

Ist

Bunch Centroid Bunch Width
14 o - , 18 T
o+ g
14 4 | 1
24 - ool
10+ Wl

fhd ,H;H| ALl xﬂe~= PO SR T 0L A T 'n' P S S EE 2RE
1 1 T T ) i ] ] T 1 1 1 i T 1 1 T T [ Ll ] ) T 1 1] 1

12 +

10 +

No. Bunches
No. Bunches

1
® Fo—mmmm S :
o
o N o »N (o]

© A% & * &° & I S SR S A SRR I
'\03\ '\b'\q) @_P\ca'\\o;\ o AT AT Q7 @ 2" 97 Q7.0 '\,\'\,\'\“o*

Bin (0.1 mm) Bin (0.1 mm)

* The distributions of bunch centroids and widths for the yellow beam in fill 5236

are shown. The one outlier corresponds to the bunch “kicked” to measure the

tune. However, the dropoff in asymmetry with position is similar to that seen in
the blue beam for this fill.
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Bunch Profiles for the 5 Widest
and 5 Narrowest Bunches

Bunch Intensity Profiles
16000 — ,
14000 4
’ U e e \‘ . —e— Bunch 21
12000 | EE - —m—Bunch 1
10000 A Bunch 19
£ ' o £ - Bunch 13
=~ 8000 +———ffs ~%—Bunch 5
% _' ¢ —e—Bunch 103
6000  :;_':-‘, o e BUNCH 85
4000 1 L —— Bunch 99
( '. i L ' o ‘ - e BUNCH 79
2000 4— —— v e i " Bunch 77
T TS - ;
1500 1510 1520 1530 1540 1550
Rotary Position (0.1 mm)

* Yellow beam bunches shown are plotted from widest to narrowest
(thig is algo fill 5236, vertical scan, horizontal polarimeter target)

(Bunch 21 is “kicked” during the ramp to measure the tune. )
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Conclusions

The bunch centroids are all nearly identical in a given beam and fill.

The bunch widths show considerable variation for at least one beam
and fill, in both transverse directions. The. widths are well correlated.

Asymmetries for narrow bunches are consistent with those from wide
bunches within statistics.

— In particular, the polarization profile of the full beam is probably not the
result of a combination of wide bunches with low, constant polarization
plus narrow bunches with high, constant polarization.

Itis not clear that scanning the polarimeter target through the beam
during polarization measurements will give a more accurate result
than with a fixed target location, given the variation in bunch widths.
— This idea was suggested at a recent RSC meeting. |
— Suppose at one detector, only narrow bunches collide with wide bunches.
Then polarization sampling only over the narrow bunch width would be

appropriate, and a scan across the full beam profile would give too small
a polarization. Fill 5236 would satisfy this condition.
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Tasks Remaining

Check bunch intensity and polarization profiles for at Ieast one
gnore target scan that showed significant polarization variation.
Done)

Check bunch intensity and polarization profiles for at least one
target scan that showed NO significant polarization variation.

For a beam and fill where both a vertical and horizontal target scan
occurred, compare bunch intensity and polarization profiles in the
two directions on a bunch- -by-bunch basis. (Done)

Estimate potential magnitude of error in derived polarization.

Check scans at injection and flattop.

Other??
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- Additional Slides by DU

. Bunches have similar widths, slopes, and
lack of tails, even though they have
different # protons

* |s this because they encounter effectlve
aperture of RHIC when the beam is big at
injection or because of scraping before
polarization measurements?

» (Is bunch 21 kicked after both acceleration
and scraping ?)
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Is lower polarization at the edges due to
depolarization of larger part of phase space, or
just a local rotation due to quadrupoles near
interaction point?

One can find examples of both effects in
different accelerators

A) Saclay polarization in the beam core

B) rotation by low beta quads would be 90 deg
at edge of beam for SSC interaction point.
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Relativistic Heavy lon Collider (BI12)

v,=28.19 v,=29.18 = (9.93309, 9.9953)
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e AGEND A*****
9:00 -9:30 Cold Snake Update.........coooeveiiiiiiiiiiininiinninnnn. A. Jain
Cold Snake Update.......c..oveverviriiineniiiineininennnnn W. MacKay
9:30 — 9:45 RUN 6-0. . veeeeeiiiieeseeraeeaeeenensaeneneeeesanneaneeesens ALL

9:45-10:15 Preliminary Results & Interpretation of A_ N
Measurement with pp2pp.......covovvvriiiviiniiiiniennnn W. Guryn

10:15-10:30 Coffee Break

10:30 - 11:00 Gas-jetmRunS.........coviiiiiiiiiiiiiii A. Bravar
11:00-11:30 CNI2004. ... . eeeieetiiteeeiierrinsresrearrireeenennn O. Jinnouchi
11:30 - 12:00 Polarization Profile...........co....... et rrr i ereee e D. Underwood

Next RSC Meeting ~ October 2004 ~ Torino, Italy
See webpage hitp.//www.bnl.gov/riken/RSC-meetings.htm for tentative agenda
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(fast chooper creating variation)
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Treatment: NEG

coating the warm beam pipes
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J l PhYSICS da’ra Tckmg
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Mochrnesrrus

E] Prcgress rn RHIC Cu Run~ o
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b rhen squeeze from 1m to 0 85 of ﬂaﬁop
' l:] rns’rrumen’ro’rren serup done |
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o Beam was successfully crc:celerc‘red ro rop energy
~ with Cus8: beta squeeze to 1m during the ramp crnd;.--_-“-._




g61

N B chhrne Srorus,_

B El Progress |n RHl'i};'.f'

Cu Run
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i AGS Cold Snoke S’ra’rus |
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- for installation at the end cf Januqry
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PlonforRHCpolarmeter

I New silicon detectors as well as Tcargefs are expecfedi‘_f:f'.".'kf'-f'-m{';-ifffaif%
tobe available before the pp run starts - L
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" Pion for BHC pola
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: AAcceIero’rlon beyond 100 GeV

- l To evoluofe ’rhe spln dynemlcs beyond ]OO GeV

E] ‘What's ’rhe lmpac’r of 1mm rms orbit dls’rerhon(achleved) on:
- the'polarization fransmission efﬁcnency’? et S
El ‘How much can we correct the orbit with ‘rhe eXIShng RHIC
- orbit correction system at higher energy? IR

H To prowde a guidance/ justification for ‘rhe fult nng re-- E i

ohgnmenf of RHIC dunng summer of 2005

! 5 ”[:I Expecﬁon el s L NS RIS
o Little or no polanza’non is expecTed e’r energy of 21 7 Gerf;;,‘}"'.{f-ﬂf

wn‘h Tmm orbn‘ dls‘ror’non

. l Polonzo‘non ramp measuremen’r WI” be The key Technlque
~ Inexploring the depolarization mechanisms and .IQCQTIQDS, .

" Dec. 6, 2004 . RHIC Spln Collaboratlon Meetmg

. BNL, Upton
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l Slmulomon ey | _.
o ‘Spin ’rracknng wu’rh 1mm rms orbn‘ dls’ror’rlon

o o -I':J Spln ’rrocklng withr dn‘feren’r orbn‘ dls’rorhons ’ro evaluofe ’rhe?"’f,’i

- . tolerance of orbl’r d|s’romons
- ® Withbeam -
O Develop The rcmp ‘ro]70 GeV B e
. - m . -Meosure the: poldrlzol’non/orbl’r dls‘rcr’rlen ctlong ’rhe ramp

I Vcry ’rhe orbl‘r distortion oround 135 GeV where The sTrong
- m’rnnsuc resonqnce IS Iocc:’red ER T T PR

o EJ Develop the ramp 10 217 GeV .

I Mecsure ’rhe polanzo’non/orblf dls’rorhon cﬂong 'rhe ramp
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Intrinsic spin resonance

Qx=28.73,Qy=2972 emit=10 I

Challenge of going beyond 100GeV. -

Q.04

0.32 —

Q.28
024

016 —

resonance strength
O
P
l

o112
.08

45

6o

p=217 GeV

This gives the same Brho
as Cu and one can avoid
an additional DX magnet

training

achieved |

85 105 125 145 165
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Status and Commissioning Plans

- of AGS Cold Snake

Waldo MacKay

e RSC Meeti
BROOKHEVEN eeting
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New AGS cryogenic snake
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Axial Scans: Dipole Terms

—~e HSHE0IBG101 100 A  ~+~ HSDEOITK101 08 A -4+~

EDENCE L0 350 A

_§5338

Normisl Dipole- (wilt wri bogy TE)

& L w @ W = o
2T 8t e T A

Zpos {im}

Couitesy of Animigsh Yain

RSC Meeting
Waldo MacKay

6 Dec., 2004



L0T

BROOKHRUEN

o 3 =F

RSC Meeting
Waldo MacKay

i

6 Dec., 2004



80T

RSC Meeting
Waldo MacKay

6 Dec., 2004



60T

2 2 Partial Snakes spaced by 1/3 Ring
e

Gy=3xN Gy =3 x (N +0.5)
Snakes strengths add. Snakes strengths subtract.

AGS has superperiodicity of 12.
Injection: Gy = 4.5 Extraction: Gy = 46.5

L RSC Meeting
BIIIIIII(IIM“EN Waldo MacKay

NATIONAL LABORATORY

6 Dec., 2004
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% AGS Intrinsic Resonances &

0-03 I 1 1 1 1 1 1 1
36+Qv
0.025 | y
=
20 0.02 ]
§ 0
7]
S 0015 0+Qv 36-Qv ]
v&‘@ 0.01 | ]
12+Qv
0.005 | -
24-Qv 24+Qy 48'[[3"
0 1 [ I 1 I —
0 10 15 20 25 30 35 40 45 50
[Gy]

NATIONAL LABORATORY:
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L Two Helical Partial Snakes in AGS

0.98
0.96 -
0.94
0.924

0.9
0.88
0.86
0.84 -
0.82-

0.8+
4

Gy

75 8 i 9 95 10

105 11

A20 Cold snake: 15%
E20 Warm snake: 5%
Superperiodicity: 12

Spin tune stop bands: integer4-0.065
Putting (), = 8.96 eliminates intrinsic resonances.
Pattern repeats every 3 integers

Spin almost vertical at injection (Gy = 4.5) and extraction (46.5) |

BROOKHAUEN

NATIONAL LABORATORY:

e T

RSC Meeting
Waldo MacKay
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. Two snakes 15% and 6.7 % at injection &

j

Vv, =8.80042 v =8.84934

10 T — , ™ T ; T 1
— X
| - Y =
° Cold snake:
| - A20
! ' p A ; I |
LN} '\5 ‘;’” I Y A Lo e
It o M T I Warm snake:
LR I E20
l Extra Quads:
' A17, A19,
0 o oy e L S —]
i 1a B1, B3
4 2 E
e "1 F
O ’n\r’.\‘.v,',,‘k-\,,‘—QN\\,-‘, S ‘“\‘-,f‘*~‘\-”f—‘\.« =2ad
. 1 . ] , I . R
0 200 400 600 800 Courtesy of

Sm - Mei Bai
BROOKHEVEN , eeting

NATIONAL LABORATORY Waldo MacKay 6 Dec., 2004
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G*gam=4.5 A20snk 2.5T, E20snk 1.5T, A19¢cor = Blcor

G*gam=4.5 A20snk2 5T, E20snk 1.5T, A19cor = Blcor

1000.

= 140. - Lmux verstiti}n823/ 29/10/04 15.36.00 = 15.0 _Lmux verston823/ _ 29/10/04 1 .36.00
vy 120, | Q 125
’ 10.0-
100. 1 7.5 4
80. - 5.0 4
2.5+
60. - 0.0 -
40. 4 | At A -2.5 -
‘ -5.0 1
2.4 WA ELAV R 7.5
0.045—100, 200,300, 400, 500, 600. 700. 800, 900, 0v0. %0
s (m) s(m)
&/ poc = 0. &/ poc = 0.
Table name = TWISS Table name = TWISS
Injection tunes: (Gvy = 4.5)
""" RSC Meeting
Bﬂﬂﬂlﬂlﬂﬂﬂl
NATIONAL LABORATORY Waldo MacKay

Optics correction with 2 Quads &

6 Dec., 2004
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Optlcs correction with 2 Quads &

n {m}mmum{u{[

*oam=4.5 A20snk 2.5T, E20snk 1.5T, Al9cor = B1 G*gam=4.5 A20snk 2.5T, E20snk 1.5T, Al Blcor :
140, _gnu?cnllrerswnAg 2§’/1(I)c . 29/10/04 Jgr c;); 5 - 110. _Lmu%ers ng.2 s7 " f o4 1 .36.00_ 12
E KRB TBE O TD E E (N E
@ : L7100 Q @ 99 - 10.
75 88, - 8,
_ 5.0 77. - L 6.
66. - | 4,
2.5 ] /
0.0 55: 4 / | 2,
e 4. L 0.0
25 33, g [ 2.
--5.0 22, L4,
: | k75 11. 4 , ? L 6.
0'00.0 20.  40. 60. 80. 100. 120.” 140. 100'1 0.0 0‘%0. 280.  300. 320. 340. 360 380 400. 440'8'
s (m) s(m)
&/ poc = 0. & poc = 0.
Table name = TWISS Table name = TWISS
BROOKHAUEN RSC Meeting
NM‘ONAL LABORATORY Waldo MacKay 6 Dec., 2004
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2 Schedule

e Cryostat complete: End of Decemeber

o Testing in 902: 3-4 weeks
e warm tests
e quench tests
e magnetic measurements .
e heat load and cryocooler performance

e Install in AGS: End of January
e Put in ring | |
e Finish connections during maintenance days (over next 2 or 3 weeks)

o Cool down

o Check connections during maintenance
e Turn on supplies (1st time) during maintenance

I RSC Meeting
N%E}ggﬁgﬁg%’gy Waldo MacKay 6 Dec., 2004
- e 12 =F
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Commiésidning will occur during RHIC stores with polarized protons.

e Initial conditions: |
e Start with new copy of “AGS User” for single warm snake.
e Turn off ac dipole pulses on this “User”.
e Use single small bunches (10 protons).
e Inject individual bunches on demand only.
e Turn on J10 extraction bumps on injection porch to prevent losses up
ramp (rf loops might fail).

e Set up injection with two snakes.

e Turn cold snake on in steps with bumps and quad corrections.
Measure orbits and correct. .

e ' RSC Meeting
BROOKHEVEN Waldo MacKay 6 Dec., 2004

NATIONAL LABORATORY
= = 13 =5
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With injection working at desired snake strength:

e Increase bunch intensity to ~ 7 x 10'°.
e Measure injected polarization.

e Turn off J10 dump bumps and accelerate the beam.
e Adjust tunes up ramp: @, = 8.96 at Gy = 7.5 and above.

e Ramp to Gy = 12.5 and measure polarization.

e Ramp to extraction energy Gy = 46.5.
e Measure polarization at top energy.

e Tune up extraction.

e Increase intensity — goal: 2 x 10*! per bunch at extraction.

e Starting tracking studies with 2-quad lattice.

nnnn . ﬂ“E“ RSC Meeting

NATIONAL LABORATORY Waldo MacKay 6 Dec., 2004
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Radlal polanzatnon from RHIC CN e

(Precnse measurement for small a jle)

/
y:
4
i
y

Osamu Jinnouchi (RBRC)
CNI group
RSC 2004.12.6
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[ Strip by strip polarimeters

£ By taking up-down asymmetry, 61-7 1-12

each strip can be considered as 6
individual polarimeter
: i i () . 5

) _ (NQS.) _ RN;)) R _Z:_l_&(z_) 49-60 13-24

(NP +RNG) N
4
ngi), Nc(lc') Eggﬁz r?)f Sc;:‘bons in i-th strip for 37-48 25-36

i=1,2,---72

e gshould behave as phi asymmetry

~ ¥ Variations more than statistical
uncertainties are regarded as
systematic of the measurement

_ 5 9
Osys = \/ Ototal — Pstat

12-6-2004

= the data used for this study from
next page is, |
o 66 CNI runs in BLUE accumulated
o event data taken with Jet

. RSC meeting : 2
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[Strip by strip variations in asymmetry

o
o
o
=]
&

(N, R NV(N+R N
o [ ]
g 8
[~ N £-S

-0.00

FFit with sine function (phase fixed)

104 /69
0.004408 + 4.218¢-05

¥ I ndf
po

|II(II|Ill

IIIIIIIIIII

@2}

PR AR R B E SO |

(X'
L5

! 4.Strips (in Radian)
Deviations from Fit (projection)

[ %% Indf 53679
Constant 10.82+ 1.66
Mean 0.0001454 + 0.0000491
Sigma 0.0003475 + 0.0000381 -
o
6

12-6-2004
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o Fit with sine function (2 parameters)

o
o
=]
&

(N, R NJ/(NAR N
o o

(=]

o R

¥ I ndf
p0
pi

69.94 /68
0.004429 1 4.247e-05
-0.08062 + 0.01376

-0.002 :—
-0.004— ¥
B R R e T
Strips (in Radian)
, Deviations from Fit (projection) .
¥ I ndf 350278
Constant 1485+ 2.32
Mean 9.238e-05 + 3.024e-05
lﬁgma 0.0002392 + 0.0000244
12
10
8
6
4
2
A o2

RSC meeting
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0.006—— 0.006
n.oosi ‘ 0.005? W}E h}{ 3  1 } A0 I
oo 1T IRV
0.003] 0.003}- - { | -
: % : |
0‘002; /ndf 104/ 69 0-002'; ** 1 ndf 69.94 /69
0.0011- p0  0.004408 + 4.218e-05 0-001; po  0.004429+ 4.231e-05
B I . e e L e e

1-parameter 2-parameters
The phase shift not allowed - Phase =0.081 assumed
Structure 1-2-3 4-5-6 seen | Uniform distribution

12-6-2004 RSC meeting 4
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[ Numerical comparison

1 parameter fit

A?/ndf = 104/69

~ _ 2 2
Osys = \/ Ototal — Tstat

Oiotal = 3.5 % 107*
Ogstat — 2.8 X 10_4

v
Osys = 2.1 x 1074

2 parameter f” t

A2/ndf = 70/68

—_ 2 2
Osys = \/atotal — Ostat

Crorq = 2.4 x 1072
Ostat = 2.8 X ]_0*4

0 sys = negligible

The angle -0 081 +/- 0. 014 corresponds to
: S ~4 6 +I- 0.8 degree e

This could be
« real polarization angle

« geometrical dislocation of detectors (5 degree i Is A=1.2cm at Si)

e some other reason .

12-6-2004

RSC meeting
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' Si dead layer correction change the A for each strip

o the plots so far assumed 59ug/cm? for all strips
o use individual values for each strip

> y2Indf = 67/68 Ag=-0.068 +/- 0.014

o use £10ug/cm? cases 49 pg/cm? ->x2/ndf = 68/68 A¢=-0.066 +/- 0.015
69 pg/cm? ->y2ndf = 67/68 A¢=-0.081 +/- 0.013

7 Different event cut condition

o use 2-sigma (instead of standard 3-sigma) carbon invariant mass cut
=2  x2ndf=71/68 A¢=-0.078 +/-0.014

" The measured angle value is quite stable against various changes

12-6-2004 RSC meeting ) i 6
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[ Fill dependence »

|_Angle fill dependence | 2 1 ndf 13.3/14
= 015 po -0.07944 + 0.01485
% 0'1; Rotator - Rotator Rotator
@ F ON OFF | Fit of blue points
2005 + | | //
oF ]
e l A
_o.osg- ? | % ,} e > yd
2L SN { ¢ To get enough statistics,
015 % - st 1| | Typical il
0.2f- | 8 CNI RUNS - 40mrad
025 | o ~ The 15t biue point

] 12 i

0 2 | 4 6 gt
\ ~ Average of “Off” (5f|||s)

Average of “On”(10fills)

14

e

High statistics
32 CNI RUNS - 20mrad
> red point

- Fill by fill fluctuations look to be just statistical
- Spin rotator dependence is not so obvious

12-6-2004

RSC meeting




[ Summary and outlook

 RHIC pC CNI measurement
o negligible systematic error on strip by strip fluctuation
~» good sensitivity for radial component
o - 4.6 + 0.8 degree tilting of polarization vector

97z

= Outlook for calibration by Jet data

o will obtain final consensus/agreement on P,,,, among
Jet collaboration fairly soon

o systematic error check with Yellow ring data

o Update of Run-04, Run-03 with Jet-data take place in
January (?)

12-6-2004 RSC meeting 8
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Relative Luminosity Measurement at PHENIX

8¢C

| Opt — Oy
Arr ++ +
Oyt + 04
1 N++“‘R'N+—, R_L++

; (RP) N, +R-N._' = TI,_
(9 LL ]. '

O0R =~ OR

OR 2(BpPy)|

e To measure 1% asymmetry with Py, =~ 40%, need 6R < 1073
e Higher polarization reduces sensitivity to uncertainty in R

e Order of magnitude requi-rement : 0R < few x 10~

e How do measure relative luminosity?

~ o What are some of the difficulties we expect as £ increases?

e What should we do? (Work in progress)

Dave Kawall, RBRC, RHIC Spin Collaboration Meeting, Dec. 6th, 2004



Relative Luminosity Measurement at PHENIX

6CC

® Located at +£1.44 m from interaction point, cover A¢ = 2, 3.0 < |n| < 3.9

e Collisions defined by coincidence of signals in Beam-Beam Counters (BBCs)

. Average hit time is formed from PMTs in north and south BBC arms separately
e From difference of north and south BBC hit times can reconstruct 2 of vertex, require |2] < 30 cm

e Have separate scalers for each bunch pair to measure collison rate for different helicity combinations

BBCy, 4+ BBC__
BBCy- + BBC—4

e Measure R with scalers attached to this minimum-bias trigger, R =

Side View-



Relative Luminosity Measurement at FHENIA

% 20000
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Run 130351 Bunch Crossing Number

e ldeally R =1, blue and red bars identical in height
e Typical value of |R — 1| & few percent in any run, 0.5% overall in Run 3
e Variation in bunch intensity develops at extraction and injection - can be improved by CAD

eInRun 3, 0R =~ 2.5x 107* (stat)

e Rate variatian is one prablem another is due to different vertex distributions



Complications in Extracting R as Luminosity Increases

e In Run 4, probability of minimum-bias trigger/crossing ~ 0.02
e Roughly 1 percent of all triggers contained a second pp collision
e In Run 5, ~ 4 percent of all triggers may contain a second pp collision

e At design luminosity, we expect ~ 1 pp collision/crossing = 70 percent of all triggers may
contain 2 or more pp collisions ! A

At least two complications will resuit :

(1) Scaler counting minimum-bias triggers only counts 0 or 1 pp interaction/crossing
8 = we need to correct for possibility of multiple pp interactions/crossing
(2) With multiple pp interactions we are likely to :

(a) lose some events which should pass the vertex cut
(b) count some events which shouldn’t pass the vertex cut

= PHENIX will acquire a sensitivity to bunch longitudinal profiles



Complications in Extracting R as Luminosity Increases

Extracting R from a single-arm detector is relatively easy :
e Let y=average number of pp interactions/crossing passing vertex cut
e Let e=probability that we can detect a pp collision
eletdo=1- e=pr6babi|ity we miss a pp collision

Then the fraction of crossings with O triggers is :

PO0) = ) _ ——0
n=0 |
0 _u5 n
§ _ oM ul e™” (“5)
e e nz:% -
= e'"'“’e
Then p = —log P(0)/e - R = Mt _ —log P,..(0)/€
Mo — — 10g P_|__(0)/€
R — log Py .(0)
log P, _(0)

=> dependence on ¢ has dropped out



Complications in Extracting K as Luminosity Increases

How can we account for multiple pp interactions/crossing using the BBC trigger rate?
e Let y=average number of pp interactions/crossing passing vertex cut
e Let e=probability that one arm of BBC detects the collision
e Let 6 = 1 — e=probability one arm misses the collision

Now extract the fraction of beam crossings yielding a minimum-bias trigger :

P+) = Y B—Z{‘n (1 — 5" (1— &)

R ] R
=1—eH (2 — e_”e(l“e))

e We measure P, (1+) and P, _(1+), want to extract u,, and p _

1314

=> Accuracy in extracting R = p /. depends on knowledge of € (not true for single arm)

=> Minimum-bias trigger rate not simple function of luminosity

e Limits € — 0 or ¢ — 1 reduce uncertainty on R due to uncertainty on €



Complications in Extracting R as Luminosity Increases

1474

e What is our uncertainty 6 R on R given an uncertainty de on €?

e 0 RR increases as rate p increases

e 0 R increases as uncertainty d€ on proba’bility e BBC detects a pp collision increases

e Perhaps recording BBC charge or tube multiplicity will decrease the uncertainty d R



Lomplications In Extracting fv as Luminosity Increases
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e As rate increases we will sometimes detect 2 pp interactions/crossing

e Average number of BBC PMTs hit in those cases will be double normal number

® Number of PMTs hit is sensitive to rate and probability ¢ BBC arm detects a collision
ec ~ \/oggc/opp ~ 0.73 |




Complications in Extracting R as Luminosity Increases
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9¢T

e As rate increases we will sometimes detect 2 pp interactions/crossing

e Average number of BBC PMTs hit in those cases will be double normal number

e Number of PMTs hit is sensitive to rate and probability ¢ BBC arm detects a collision
ec = \/oppc/opp ~ 0.73

e Could be luck, or possible handle on ¢, correction for multiple pp interactions/crossing




Complications in Determining the Z Vertex with the BBC
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Complications in Determining the Z Vertex with the BBC
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Complications in Determining the Z Vertex with the BBC
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e Wall current monitor samples profile in
0.25 nsec bins

e Wide bunches seem to correspond to
wide vertex

e 1st pair : 47 cm; 2nd pair : 51 cm

e Still to do : predict vertex dist. from
WCM

e Alternating between bunches — 0.126
nsec bins — improved vertex recon-
struction

e To do : see if WCM data describes
'BBC,ZDC trigger rates and vertex dis-
tributions well enough for R



Possible Approaches to Determining Relative Luminbsity

inel+DD and vernier scan - can extract € to 5 — 10%

Tpp
e With ¢, can use BBC scaler data to extract R

e Could output total charge in BBC PMTs or multiplicity to scalers

e From independent measurements of o

e Can compare results to triggers formed from ZDC or ZDCN||S && opposite BBC arm
e Need to correct scaler data for vertex shape as L increases | |
=> use wall current monitor to get bunch profiles and charge?

e Construct new small acceptance detector with vertexing ability, insensitivity to Ay, - Rel-
ative Luminosity Telescope (Wei Xie)

2 o Get spin flipper commissioned
e Try to reconstruct £ from wall current monitor measurements of charge and bunch profiles

e Lots of ideas to try
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RHIC Spin Collaboration Meeting XXX -
Monday, December 6, 2004 ~ 9am-4pm

Location: BNL Bldg. 1005, Third Floor Large Conference Room
Bridge Line: 631-344-6363 from off-site, x-6363 from on-site
VRVS: Weather/Sunny

Preliminary Agenda:

Morning Session (9-12):

CAD Update - Mei

Source upgrade with superconducting solenoid - Anatoli

Cold snake update -Waldo :

Radial poi from RHIC CNI - Osamu

Relative luminosity at high L from PHENIX - Dave

Afternoon Session (1:30-4):
Discussions on the report to DOE - All
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