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Run!3 PHENIX Experiment ol
Relativistic Heavy lon Collider

Runi13 (in 2013):
Longitudinally polarized p+p collisions at /s =
510 GeV’ro s’rudy hellcﬂy dlstrlbuhon of partons




The stable beam polarization direction in the RHIC rings : vertical

Spin Rotator Spin Rotator

Ring longitudinal polarization at Ring
PHENIX

! Transverse component of polarization, p;y may
remain!
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Ay, is very small (measured up to 0(10™%) , ~Ar prediction)

-> %&% measurement, “Local” Polarimetry, necessary!!



Physics for PHENIX
_.ocal Polarimetery

Use large Transverse 0.1
Single Spin Asymmetry
(Left-Right Asymmetry) of 0.05
forward neutron

7.4% systematic scale uncertainty not shown
6.2% (xF>0) and 5.9% (xF<0)
polarization scale uncertainties not shown

production < O 3@3 -----------------------------------------------------
-0.05
. = ol=at _ oj=a} 43
N=glie! = ol+ol
I L L R -0.1 | l | l | | l | |

_.L_|IIII|IIII|IIII|IIII|

-08 -06-04-02 0 02 04 06 08 1
<X>



Detector l[ayout

5cm

>

W
s““
\“
W
o
W
W
5
W
S
\o
CEEY CELT .
*as
.
* .,
D ’
-
X *
— »
fsun

Blue Beam

Yellow Beam

ZDC (W-Cu alloy)
24 SMD (Plastic Scintillator)

= Zero Degree Calorimeter . Neutron energy measurement

= Shower Max Detector : Reconstruct a neutron X-Y position
using shower profile

« Beam Beam Counters : Provide collision triggers



[ero Degree Calorimeter &
Shower Maox Detector

i ZDC:

F " =W-Cu alloy + PMMA based optical fibers
=Collect cherenkov light produced by
charged secondary particles from neutron
showers

SMD:

=X-Y plastic scinfillator strip hodoscope
=sBetween the 15t & 24 7DC modules -
approx. shower max location

=Position calculation

X,y
ZSMD strips with hit

; energy (i) X strip position(i)

SMD strips with hit .
10cmx 10 cm 2 energy (i)

transverse coverage



Measurement Procedure
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1. Transversely polarized beam (p = p7) : get
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2. Longitudinally polarized beam : calculate —,—
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- Local Polarimeter

p : absolute

polarization

- RHIC Polarimeter
~50% in average
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Yellow beam:

’;T = 0.00732713:994423 (stat.) 3995273 (syst. bc ) + 0.001158(syst. e)

% = 0.99997315:009027 (stat.)*9:999099 (syst. bc) — 0.000008(syst. e)

Blue beam:
%T = 0.048686+3:998164 (stat.)+9:999990 (syst. bc) + 0.003292(syst. e)

o = 099881478 800358 (stat. ) X586 (syst. be) £ 0.000155(syst. e)
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A rr_lgosuremem done up to 0.025
0(10 ) 0.02 :
Arr ~107* by theorefical 0015 F
prediction :
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-> pr is small enough not to contribute relatively large
systematic uncertainty in A;; measurement




Run13: longitudinally polarized p+p experiment
A;; measurement for gluon helicity distribution

Local polarimetry is necessary for A;; systematic uncertainty
estimation

Run13 Local polarimetry analysis: gives 0(10~7) accuracy on one of
the systematic error of A;;. Transverse component of beam
polarization is small enough for 4;; measurement.



Backup



Origin of Proton Spin

Naive spin model (static quark model):

Z=2A%
2 2

( %AZ: quark polarization )

In DIS experiment:

%AZ ~ 30%

Proton longitudinal spin sum rule in QCD:

1 1
E=EAZ+AG+LCI+LQ

AG = fol dx Ag(x), 4g(x) = g"(x) — g*(x) -> Not well measured

Lq(g)- Orbital angular momenfum of quarks (gluons) -> Nof
measured yet



Spin Asymmetry

Longitudinal asymmetries

N gtt — gt
LL = =
ott +o7
; _a+°—a 0
L= =
oct0 + o070

Transverse asymmetries

1 = 0,0 — g;0
N j—
0.0 + 0,0
Mgt
App =

Definitions

For A;;

= =

Versus
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TH):

. same helicity

. opposite helicity

spin up (down)

. unpolarized



Necessity of Local Polarimetry

on A;; measurement
Ideal longitudinal polarization
pY(B): yellow(blue) beam polarization

T
— R = % . relative luminosity
p; = P : polarization
Y,B H
Gis=0r 1 1 Npy-RNe Only p** measured by RHIC polarimeters
Oy +04_  PY pB Npp+RN,_ - Very small 4;; in AG measurement
- % production, A = 10™* (theoretical

Ay, =

Local Polarimetry

I Pr «\P. PT neasurement
g p’'p

PL necessaiy

p

1 1 Nyy —RN,;_ measured 11 Y..B Y..B
—— = A ~ — A + A
Y pB N, +RN,_ LL oY pB (prpr A + prp7ArT)



measurement for AG
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RHIC complex
Absolute Polariné:'

HT jet)
PHENIX
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Spin Rotators
Pol. H Source
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Partial Solenoidal Snake

Warm Partial

200 MeV Helical Siberian Snake

Polarimeter

Stable beam polarization direction: vertical
->longitudinal polarization
only at the experimental halls
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[ero Degree Calorimeter &
Shower Maox Detector

—

s ZDC:

F =Collect cherenkov light produced by
charged secondary particles from neutron
showers

SMD:

=X-Y plastic scinfillator strip hodoscope
sBetween the 15t & 24 7DC modules -
approx. shower max location

=Position calculation

X,y
ZSMD strips with hit
{

energy (i) X strip position(i)

Z.iS'MD Strips with hit energy (l)

10cmx 10 cm
transverse coverage



Asymmetry Definifions
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Data samples
local pol trigger
Run QA
bad ADC distribution, spin pattern problem run rejected
Calibration
= Z/DC/SMD pedestal : offline fitting

ZDC gain: 100 GeV neutron peak in peripheral heavy ion collision, HV adjustment by LED
signal for p+p run

= SMD gain: Fit ADC distribution with two exponential function
Event selection
SMD shower cut : #hit SMD > 2 each coord., reject photon event
Acceptance cut edge : —4.5cm < x,y < 4.5 cm, avoid shower leakage

Acceptance cut center: —0.5cm < x — Xconters Y — Yeenter < 0.5 cm, avoid falsely
measured Left-Right

Energy cut : take 60-300 GeV, 60 GeV- gate signal threshold (beam scraping
background rejected); 300 GeV - 255 GeV + 20% ZDC energy resolution



Count

Gaussian fit

ZDG Pedestal Fit ADC Channel 0
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Count

SMD Channel 1 p1 & p3 correlation

2 / ndf 3851/ 45
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Fit function: pOexp( pl* (x — pedestal)) + p2 exp( p3 * (x — pedestal))

Gain: p1

pl & p3 correlate

p3 for systematic error study from gain calibration -> no significant effect



#H
_N,

@ -0.005
0.01
0.015
0.02
-0.025
0.03
-0.035

-0.04

Yellow beam raw asym

Fill 17169 e

+

4’,

%2 / ndf 118.8 /11
pO -0.03303 = 0.00059

R

4’,

T

50

100

150

20

250 k1L

ZDC energy (GeV)

eUD

0.m

0.005

-0.005

-0.m1

Fill 17169 e,

C ¥/ ndf 7.679/ 11
L p0 0.002092 + 0.000546
_I 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
50 1M 150 200 250 30
ZDC energy (GeV)




Beam center

Center: Largest ey
Center: (0.0 cm, -0.5 cm)
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Calculated e, p & eyp Of each energy
bin (20 GeV interval), then took
average of 60-300 GeV

e
ALR(UD) = LR;UD)
p¥ =0.3688 + 0.0608
pP =0.5022 + 0.0544

E
Afo — _\/A%R + A%]D

= —0.07706 + 0.008340 Blue beam
—0.08973 + 0.01482 Yellow beam

eLH

-0.01

-0.02

-0.03

-0.04

-0.05

0.014

0.012

Fill 17169 e

¥2 / ndf

T -

132.9/ 11
-0.03851 + 0.00055

- +Blue beam

+

- —+ T

T N T N N N N | T I N N N
50 1M 150 2|

Fill 17169 e,

L1
250 3N

(L]
ZDC energy (GeV)

%2/ ndf

- Blue beam po

8.793/ 11
0.003773 + 0.000537

0.01—

0.008

0.006

0.004

0.002

-0.002

0.004

= eyp = 0.003773 + 0.000537




A g for Yellow Beam A p for Yellow Beam
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A;r, Ayp Close 1o 0, order of staftistical uncertainty

PT PL hgs limitation : [0,1]
p’p

-> Error propagation not work

Solution:

A
1. make random Gaussian distribution of ELff, gfa

2. Sample 100k event to make ppT ’;L distribution
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Yellow beam Transverse component distribution
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Result w/ stat. : (Yellow beam, Blue beam)
T = 0.007327%0:004335 , == = 0.999973+0.000032
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. Yellow beam Longitudinal component distribution
Yellow beam Transverse component distribution 9 P
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1. SMD gain calibration
- Compare results using p1 and p3 -> Not significant

2. Beam center uncertainty
- Estimated beam shift during the run: 2~3 mm

- Conservatively assigned by results at +1 cm from
the determined center

3. Energy fitting range uncertainty

- Conservatively assigned by result using 100-300
GeV fitting range



Beam center uncertainty
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Figure 25: Beam center at the south ZDC represented in BPM's coordinate system.
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Figure 26: Beam center at the north ZDC represented in BPM’s coordinate system.



