Measurement of Transverse Spin-Dependent Azimuthal Correlation of Charged
Pion Pairs in p'p Collisions at /s =200 GeV and 500 GeV at STAR
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* Less known from experiments than f;(x) and
— . . X
Helicity (g,(x)) g1(x)

* Chiral-odd quantity
e Extraction requires coupling to another chiral-
odd object, such as Fragmentation Functions

Transversity (h{(x)) (FF).
* For estimating tensor charge (gr), a precise
I determination of transversity is necessary.
I — - 1 )
» Nucleon Momentum gr = f dx[h?(x) — h?(x)]
0
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Interference Fragmentation Functlon(H ) Channel :

pT +p->h*h” +X

* No jet reconstruction required
e Collinear framework preserved
* Better access to d-quark than SIDIS

doyr x sin(¢s — ¢p) j dx, D |1 = quark polarization

lllllllllllllllll /
A. Bacchetta and M. Radici v / X a,b,c= quark flavors

Phys. Rev. D 70 (2004) 094032
Di-hadron correlation Asymmetry t: proton polarization
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= parton» Miny = Invariant mass of hadron pair
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Ayt can be extracted from cross-ratio formula

1\/N}a \/NlNT

Ayrsin(¢ps — ¢Ppg) = P
\/ N1 Nl,, +\/ Ni NT,,,

Free from detector efficiencies and spin-dependent
luminosities, reduces the systematic uncertainties.

N} a(p) #0f h"h™ in upper, a (lower, B) half of the
detector when beam polarization is up(T) (down(!)).

v
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Ay is measured using a transversely polarized beam
colliding with another unpolarized beam (integrating over the

bunches with all spin states). 0z
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¢, = angle between quark spin
vector, s, and scattering
plane(spanned by Ppeqam and pp, )
¢ = angle between scattering plane
and di-hadron plane (p;, ; and Py, ;)



World’s only collider capable of colliding longitudinally
polarized protons

Center-of-mass energy (+/s) up to 510 GeV'.

STAR : Collision point at 6 o’clock.
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Magnet

Uniform magnetic field of 0.5 T

(

\_

\
Barrel Electromagnetic
Calorimeter(BEMC)
« Inl<1,0<¢<2nm
* Event triggering )

The “Solenoidal "racker At ©HIC (STAR)
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/Time Projection Chamber(TP(h

e In|<1,0<5¢ <2m

* Charge determination and
particle momentum
reconstruction

* PID via measuring ionization

\ energy loss

Gime Of Flight(TOF): )

Inl<1,0< ¢ <2m
Stopwatch for particles
Helps to improve PID

- J
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* At STAR PID is done by measuring average specific ionization S s spioln
dE\ . g E :
energy loss <—> in TPC -
dx 0.4f
dE .
* Poor ——resolution for p > 1 GeV/c 035}
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dE C gsoo r .
* When the Vs P bands for two different particle types Q ya[ 3400} 1.2<p,<1.4 GeVic
- B O 300F
are close together or cross, TOF is extremely useful for PID. e 200}
. ops . “F E K P
* TOF detector has a high capability of separating - ’°g S
proton from kaon and pion for momenta up to 3 A g ™ Massi(GeVicY)?
GeV/c. 1.2:—nﬁ :
[
0.8
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Including STAR
* A non-zero Ay singal has been observed against different kinematic TN

observables (1,4, | — M;,,,,) of the pion pairs (t* ™) in final state.

Ayr with p'p at STAR

Year (" 2006 2011 -‘I | 172017 1

I I I

Vs(GeV) 1 200 500 | 4 510
| |

Line(pb™") __~18__ ~25__, I \~350 )

\ 4

I Published

* Phys. Rev. Lett. 115, 242501 (2015)

Preliminary

STAR ) lOn gomg‘

* Phys. Lett. B 780 (2018) 332
* The published results agree with the IFF model calculation which

predicts enhancement of Ayr near p mass region. : 4 “”“”HH“””H“IM
* The statistical precision of the 2017 dataset is expected to be four  °%- \U“\’H\\!NWNH“WNHWHW“\
: nl“ |
times better than that of the 2011 dataset. W‘ “HW"N"” """‘“"WN“W
J‘(

o
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* STAR just completed taking another large pp dataset at 510 GeV
(2022) ( Lin(pb~1)~400) and is planning to take another pp

[ Radici, et 2. s = 500 GeV
* STARYs = 500 GeV
O STARYS =200 GeV
[ padicke ID
[ trigger bias
{p,) =13 GeVictor fs = 500 GeV
()= 6 GeVictor 13 =200 GeV
n>0
4.5% scale uncerainly
due 1o beam polarizaiion

0]

\2oeev (Lin:(pb™1)~265) data set in 2024.
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STAR collaboration
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M. Radici and A. Bacchetta
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STAR results play a crucial role in
constraining the global fit of
transversity.



* Ayr as function of n,,,;;,- integrated over PTpqir and M;,,,, - STAR Preliminary 2015

* Strong rise of Ay signal towards higher 1,,,;- where ;: 003 plsp — ' +Xat 5=200GeV _
i S
we reac.h th_e hl.ghest v.alue of x. . g C ) Syst. Exror |
Npair direction is relative to the polarized beam. w<:> ¢
0.02

e Xx, fractional momentum of proton carried by quark, and
z, fractional energy of struck quark carried by pion pair as 0.01
a function of 17,,4;,-

* X, Z are estimated by simulation.
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LI 2
i _ ) O + 3% scale uncertainty from beam polarization (not shown)
» Systematic uncertainties arise from PID (TPC alone) and N
trigger bias effect. 0.6 . _
- g . . .. 0
 Significant reduction of the PID uncertainty is expected 0.4 - "= = = = "
by including TOF. m<z> o<Xx>
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* Ayt vs PTpqir for different M;,,,, and

Npair bins

* Larger Ayr at higher PTpqir for

npair> 0
* Stronger signal when M;,,,, is
around M,~0.8 GeV/c?
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Ayt vs M;,, for different PTpair and

Npair bins

* Ayt signal increase as <PTpqir>

increases.

* Significant Ay signal is seen in
the highest PTpair bin, with
enhancement near the p mass
region.
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& ~ STAR Preliminary 2015 [ Radici et. al.
@m B pT +p — ot + X at Vs =200 GeV —— Run 15, Cone < 0.7
E B
24 0.08— (p, )=525GeV/c
* Ayt vs M;,, integrated over pr pair for - . _e— Run 06, Cone < 0.3
Npair >0 ~ (p, )=6GeVic
0.06 __ E Syst. Error
* Enhancement of Ayt around p - >0
mass, consistent with the previous 0.04 B s

measurement with improved -
precision and theoretical
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STAR 2017 p'p collisions @ 510 GeV

* IFF analysis of STAR 2017 p'p at /s = 510 GeV
is underway.
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* Previous STAR 2011 Ay results are statistically limited. oos ) 13 6ot 5. ey
* Figure of merit (P%L;,,;) for 2017 data is ~15 times larger ol B
than that of 2011 data. - M doetobeam polarzation
o g .« . o Iy
* The statistical precision improvement by about a factor of 4 ""m" W| " %
is expected compared to that of 2011 dataset. o—-—-?— --------------------------------------------------------------------
Physs,T/tgti?{aPa7b8°J ?%)1'18) 332 M,,, (GeV/c?)
* Data analysis is ongoing.
* Systematics uncertainty is expected to improve with TPC and TOF PID. 002c ot
0-0157 E:] Projected Run17
0.013
0.005}
3

-0.005

-0.01}

~0.015(~ Ly, =25 pb! L,, =350pb”

. el I Y T P Y N
008204 06 08 1 12 14 16 18 2 22 24

M, (GeV/c)
Navagyan, DIS2022, Santiago de Compostela, 2-6 May 2022 14




Di-hadron azimuthal correlation asymmetry, Ay, sensitive to transversity, has been measured as a function of various
kinematic observables (9,4, PTpqirs M;,,,,) for the final state pion pairs.

* Ayr enhances around the p mass region, and rises with PTpqir and 17,4,

STAR 2006 Ay results showed a huge impact in constraining transversity through first ever global fit of transversity.
With 200 GeV and 500 GeV data, the STAR Ay results will aid in the extraction of transversity evolution around the valence
quark region.

PID systematic uncertainties are expected to improve by including TOF PID in addition to TPC PID.
Planning unpolarized di-hadron cross-section measurement at 200 GeV and 500 GeV, which could reduce the uncertainties
in transversity extraction.
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