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Motivation

+ Transversely polarized cross section of hyperons could be parameterized into
three parts:

dATO-(pJ'p—,HlX) X Z j dxa dxbdZ6fa(xa)fb (xb)dATU(alb_)c‘Ld)ATDgI (Z) Xu, Liang, Sichtermann.

o S y - ? o \‘ Phys.Rev. D_73 (2006) 077503
transversity . pOCD - transversely polarized
E distribution H calculation | fragmentation function

Crucial elements for the study of nucleon spin structure:
transversity distribution and transversely polarized fragmentation

+ The transverse spin transfer 1s defined as:

do(P'PoH'X) _ qo(p'poH'X)  GA g

H _ pH _ —
D" = P" = do'{pr_)HTX)-f'dO'(pr_’Hlx) T do

+ The transverse spin transfer provides insights into transversely polarized

fragmentation function and transversity distribution function.
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Frames and Azimuthal Distributions

+ A (M) polarization can be extracted from the

angular distribution of its decay product 1n 1ts rest 0 fo
frame.
do x
Jeosh* = (1 + o) Pacaycost) m Aest frame

a: decay parameter _ 0~ : the angle between decay particle
0.642 for A and -0.642 for A

e 9 (proton) momentum in A’s rest frame
Pa: polarization of A(A) and the direction of A polarization

In transverse case, azimuthal angle of polarization needs
to be determined which is not needed in longitudinal case.

+ Drr : the spin transfer along the polarization of = 9 ou

outgoing quark considering the rotation in scattering
plane.

In this analysis, reconstructed jet axis is used as
substitute of the outgoing quark momentum direction

Scamering plane

J.Collins et al, NPB420 (1994)565
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RHIC - Relativistic Heavy lon Collider

\

PHEN

+ The Relativistic Heavy Ion Collider (RHIC) 1s the first and only polarized proton
collider in the world.

+ Data sample: transversely polarized p+p collisions at 200GeV taken with STAR
detector in 2012.

+ RHIC Beam polarization: blue beam: 64%, yellow beam: 58%.
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STAR Detectors

PN STAR experiment detectors

—

T it \ T

myty i

Sub detectors involved in this analysis:

+ TPC : Time Projection Chamber n ~ (-1.2, 1.2)
Track reconstruction of charged particles and charged particle identification.

+ BEMC: Barrel Electromagnetic Calorimeter n ~ (-1.0, 1.0)
For triggering.
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A and A Reconstruction

+ Applied topological cuts to reconstruct A and A via their decay channels: A — pr~andA — pr

3

x10
200 Central 1.1157 GeV
180E- s P_:2~3 GeV/c Width : 0.0021 GeV
T Bkg Frac. : 0.0716
160

140
120
100
80
60
40

20

fo . 1.1 111 112 1143 114 115 1.16
mass[GeV]
x10°
200 Central 1.1157 GeV
180EA, p_:2~3 GeV/c Width : 0.0020 GeV
T Bkg Frac.: 0.0812
160

140
120
100
80
60
40
20

£o : 11 111 1.12 113

114 115 1.16
mass[GeV]

_|_

Central : 1.1160 GeV
A :4~5 GeV/c Width : 0.0034 GeV
16000 ’ pT Bkg Frac. : 0.0660

‘RO . . . 112 1.13 114 1.15 1.16
mass[GeV]

angle between F&p

proton track

pion track

dca of daughter

Primary Vertex

DIS17, Jincheng Mei



A and A Reconstruction

+ Applied topological cuts to reconstruct A and A via their decay channels: A — pr~andA — pr™*
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A and A Reconstruction

x10°

+ Applied topological cuts to reconstruct A and A via their decay channels: A — pr~andA — pr
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5~6 32 k 26 k
6~8 20 k 14 k
Total 1126 k 1242 k

Background fraction is estimated by side bands.

The obtained D" and their statistical uncertainties
were corrected for the residual background:

Drr

Taw
7T

bkg

1l —1r

(6D7ew)? 4 (raD;@%)Q

1l —r

r . residual background fraction
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Jet Correlation

+ Use anti-Kt algorithm to reconstruct jet then make correlation to a A (A)by calculating AR.

+ Request nje: ~ (-0.7,0.9), Pr> 5.0 GeV/c, neutral fraction of Jet < 0.95.
If AR <0.6 (near side), we use the jet momentum direction as outgoing quark direction to
obtain quark’s polarization direction.

AR of ParentlLlpT:2~3GeV AR of ParentlLlpT:4~5GeV
3
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Measurement Method

+ Based on the relationship between polarization of A(A) and the angular distribution
of its decay product in its rest frame.

do
dcost*

X (]. + OZA(]\)PA(A)COSH*)

+ In this analysis, Drris extracted from the asymmetry of A counts with opposite beam
polarization in a small cos0* bin:

Ppeam : polarization of beam
1 NT — RN <cosb6*> : mean in each cos6” bin
NT: A(A) counts with positive beam polarization
* T 1 _
aPpeam < cost* > NT + RN Nt A (A) counts with negative beam polarization
R: relative luminosity

Drr =

+ Acceptance of reverse beam polarization is expected to be the same in each cosb*
bin, and thus cancelled.
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Extraction of Spin Transfer Drr

A counts versus cos6*
with opposite beam polarization.

Separate the whole range of cos6* into 20 bins."*®
8000

DT extraction in each cos@*
1 NT — RNY
aPregm < cosf* > NT + RNV

Drr =

Fit the 20 Drr with a constant.
Fitted result as the D7 in the pr bin.

The method passed the null check with K(S)
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Systematic Uncertainty

+

+

+

4

3.4% scale uncertainty from RHIC beam polarization measurement.

—obtained from the polarimetry group of RHIC

2% trom decay parameter (0.642 £ 0.013).
—PDG

0.012 from relative luminosity measurement.

Residual background fraction estimation.

— Compare two methods of residual background fraction ( fit and side-band )
Trigger bias estimated from MC simulation.
Pileup effect.

The sum of systematic uncertainty is range of 0.012 ~0.026
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Results of D7t

+ Results of transverse spin transfer Drr of Aand A in p+p collision at 200 GeV.

D Drr
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O }i * + * l s *ﬁ # # { | [
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—0'15’_1 1 1 1 | 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 —0'15'_1 1 1 | 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 [ 1 1 1 1
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
P.[GeV] P.[GeV]

+ Most precise measurement on A (A) polarization in p+p collision at RHIC, which reach pr
~8 GeV/c with statistical uncertainty of 0.04 .

+ The dominant source of systematic uncertainty is from relative luminosity in low pr.

+ Drr of A and A are consistent with each other and consistent with zero at the current
precision.
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Summary

+ First measurement on transverse spin transfer of A(A) in p+p
collisions, which can provide 1nsights into transversely polarized
fragmentation function and nucleon transversity distribution.

+ The A (A) sample is the largest so far in p+p collision at RHIC and
the precision of Drris ~0.04 at pr ~8 GeV/c for A (A)

+ D7rof A and A are consistent with each other and consistent with
zero at the presently available precision.
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Previous Results

+ Previous measurement of transverse spin transfer.
-Only Dy spin transfer w.r.t. production plane (Fermilab E704 Collaboration,1997).

Dny : spin transfer along normal direction of
/ production plane.

Significant spin transfer was found at 40 | @ 200GeVic (this. exp.)

* 18.5GeVic
large xr.

Doy (%)

E704, 'TRL78'4093(1997)
0 0.2 04 0.6 0.8 1
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Dt comparison two axises

D7 for A, physicaln >0 D_ for A, physicaln>0
a T g T
02— 0.2
0.1 0.1
N B |
N F3 N & L
O—e= L L] ﬁ H ﬂ 0 Oy u ol * 11 +
-0.1 :— —01 :_ }
-0.2 :— -+ Jet Axis -0.2 :— -+ Jet Axis
B A(A) Axis E A(A) Axis
_0.3 [ 1 ‘f’ 1 (I I) 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | _0.3 [ 1 ‘f’ 1 (I I) 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
1 2 3 4 5 6 7 1 2 3 4 5 6 7

Comparison for different substitutes of outgoing quark momentum direction:
1, jet direction
2, hyperon direction
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Theory Prediction

Transverse A polarization for

fransverse momentum
pT = 8 GeV/c in PP collisions

at 200 GeV with one
transversely polarized beam

versus pseudorapidity n of the A

Positive n 1s taken along the
polarized beam direction.
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Xu, Qing-hua et al.
Phys.Rev. D73 (2006) 077503
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The spin asymmetry for K(S) was also extracted, which is used as a null check ( Kg IS spin
zero), and the results are consistent with zero as expected.
It is also a good check for acceptance assumption.
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Pileup Effect Estimation

Plot of Lamlbda yield vs.
collision rate.

Four beam polarization
sets in RHIC p+p collision:
++, +-, -+, --.

The factor (u for each set is
the difference between
inear fit and constant fit at
collision rate = 20kHz

h_L_spin0
Line Fit Weighted Mean
E’O ops_ AT A T = G 2Indf 397.05 /389 — y2Indf 434.94 /390
w - P ) ) - —— p0 0.0085 + 0.0001 ~— p0 0.0080 + 0.000(
E B —— p1 -8.53e-10 + 1.39e-10
. B
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The uncertainty of Drr from pileup effect is estimated by :
; 2 2
.sys.pzleup) _ [ ky ( .k k)]
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