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Small system (e+e’):
minimal condition for azimuthal anisotropy

Two-particle correlation: soft probe for Quark-Gluon Plasma
(QGP) in heavy ion collisions

Ridge-like signal

PbPb \/s\, =2.76 TeV

3.0 < ptTrig <3.5GeV/c
Reaction

plan
\ -

NV S ,
M. Kaneta x’

Spatial anisotropy

PbPb [Eur. Phys. J., C72]

o Also observed in pPb, pp
O Inspired searches in smaller systems (ep, ete-, yp, YA ...)

o (Clean environment in ete-: turn-off any possible CGC effect
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Compared w/ event generators

o Thrust-axis two-particle correlation:
Search for medium expanding transverse to
the out-going quark directions

o New inputs to the phenomenological
fragmentation models at low collision energy
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https://link.springer.com/article/10.1140/epjc/s10052-012-2012-3

Belle Detector

Electromagnetic CalLorimeter

y, 19 reconstruction
e* identification

Time Of Flight

Particle identification

KL/ Muon detector
K. / u identification

Silicon Vertex Detector Central Drift Chamber

B vertex determination Charged track momentum
Particle identification
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Boost to the C.M. frame
for the correlation study!

1200 ————

- -

>1ab!
l On resonance :
Y(5S): 121 !
Y(4S): 711 !
Y(3S): 3!
2S): 25 b !

Y(
Y(1S): 6 fb!

Off reson./scan:
~100 !

|
|
t ~550 fb™!

[ ]  Y(4S):433 "

] v(3s):30 /"

/ ; Y(2S): 14 !
i ; _/J Off resonance:
i i ] - -1
o__/-’/_ : 54 fb

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

200 |

ICHEP 2022



Studying two-particle correlations as a function
of multiplicity © gqg (g = u,d, c and s) fragmentation

_Bellee’e’, (s=1052GeV © Y(4S) - BB in on-resonance sample
107 & . *Data ~
2 Lo _EVTGEN -
g 107 ¢ . (PYTHIAS) =
LL; 03 _ Low-multiplicity background
O - aE | ' . _ o Radiative Bhabha events
S , °© eTe” > ITIT (I=e,u)
2 107 o/ v o Two-photon processes
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rec
N Off-resonance on-resonance see backup
(* plot statistics: [Ldt: 1.3 fb-1)
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Observable .r.t. beam axis

Signal

(raw co rrela unction)

Track pairs’ angular difference in
N (pseudorapidity), ¢ (azimuthal angle)

.M . 2

trigger particle

d2 Nsame
N dAndAg

S(An, Ag) = o, An=ni—na

Beam axis
(z axis)

Kn’ @ C.M. frame
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Observable M axis

Signal Background

(accounting for-baseline of random pairing)

Track pairs’ angular difference In

(raw correlation function)

% i n (pseudorapidity), ¢ (azimuthal angle)
Factoring out the random pairing effect! S
Beam axis

(C.M. frame z axis)
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Observable .r.t. beam axis

Signal Background

(accountin_, ,.,,Kkaseline of random pairing)
Track pairs’ angular difference In
N (pseudorapidity), ¢ (azimuthal angle)

(raw correlation function)

n
.M . 2

1 d2Npair S(An, Ad) |

% Neor aandng — B0 X
g v dAndAg B(An, Ag)
N =3 . Beam axis
(C.M. frame z axis)

Two-particle correlation function
(per-trigger-particle associated yield)
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Reasonable data and MC agreements! :
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Beam-axis two-particle correlations — off-resonance (/s=10.52 GeV)
Belle e*e”, ¥5=10.52 GeV

2 1.0=<lAnl<1.5

1.5 < |An <3.0

correlated syst.= 0.7%

correlated syst.= 0.5%

correlated syst.= 0.5%
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Long Range
(1.5 < |An| < 3.0)
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https://arxiv.org/pdf/2201.01694.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142005

Thrust-axis
two-particle correlation

Out-going direction of e" e~ event # beam axis

Beam axis
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Thrust-axis
two-particle correlation

Thrust axis 7
(used it as z axis)

4
...
S
.

trigger particle

e+

e

Beam axis

Particles (pt,n,®) are

re-calculated w.r.t. thrust axis
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Thrust-axis
two-particle correlation

Thrust axis 7
(used it as z axis)

L}
...
L 4
L 4
LJ

trigger particle

e+

e

If high energy quarks can Beam axis

form some medium,
looking from the thrust
axis Is sensitive to the
azimuthal anisotropy of
this “imaginary medium.”

(quark from ete- annihilation)

| —
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Thrust distribution

Oon-resonance see backup
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m Thrust-axis two-patrticle correlations — off-resonance (Js=10.52 GeV)

ete” = qq
X ]
sEH off-resonance |

it
P &

! “. f ‘i .
spooo U A

¢ ot F Y,

MEVRIEY S ah (TS WP
Y(1S)  YQ2S)  Y(3S) . . Y(4S) .
46 10.00 10.02 10.34 10.37 10.54 10.58 10.62
Mass (GeV/c™)

o (e'e” — Hadrons)(nb)
8 U

£

[ =S
SZ 3 A
Els 0.9%
o|ld 0.81%
_ 8'673 c.f. ete- @ LEP1 (Z-pole energy)
- .
— SZ:. ) [Phys. Rev. Lett. 123, 212002 (2019)]

Thrust coordinates

12 <Ny <14
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https://arxiv.org/pdf/2201.01694.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.212002

Generator study Lack of origin-peak jet correlation

_ | Thrust axis Beam axis
: gi ! ete™ — qq (S1ha‘;r5§=i:.52 Ge 022;“") S/ RN ' | ;(1d)
o Simulate w/ Sherpa @ ivt il off-resonance | L -
different ys [ flsstoszaen
A ofe T
s |15 o AN - '
= | Js =15 GeV  iff ./ L8
o o1 Al 8 i
FLB)Zé ...... FZH
gﬁ(soll)
o Sharp origin-peak iy
correlationisrecoveredas § = X5 e | 27 0% e
\/S gOeS h|gh sE(ad)
Js =50 GeV ; i
O Thrust-axis analysis: : i
from null to significant I . GRS ST
intra-jet correlation! =
J Js =91.2 GeV s :.
(LEP1 energy) |
* Demonstrated with 6 < Nyk < 10 o : -2
This phenomenon is seen in all Larger _0”9.”’1 peak f 3 e
mU|t|pl|C|ty raﬂgeS COrre|atIOﬂ |S fOund 0 05 1 1Ai|)2 25 3 0 05 1 1A5¢2 25 3
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Thrust-axis two-particle correlations — on-resonance (\/s=10.58 GeV)

_Belle e'e”, s=10.58 GeV
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rec High-multiplicity Ag
12 S trk < 14 Short Range Middle Range | Long Range |
(0 < [An| < 1) (1 <]An[<1.5) |__ (1.5 <]An| <3.0)]
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https://arxiv.org/abs/2206.09440
https://link.springer.com/article/10.1140/epjc/s10052-012-2012-3

Generator study ng-range near-side enhancement in on-resonance sample

109: correlated syst.= 1.3% SChematiC pIOt fOI" Y(4S) —> BB

6"'6-6”'1"'15'(1')"2"'25”'3' (orange, blue cones)

o Two B-meson decays: R P BN\ 7 4
special event topology ' AN . :creating long-range
_ _ N — ~, o+ near-side correlation
thrust axis alignment : P NN

: b ‘

éB,lg \

: .4 :

T+ ¢
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Generator study Long-range near-side enhancement in on-resonance sample

10 <N, <12

- (1b) 1.5 <Ayl <3.0

Cpypyy = 0.35
1.13f
1.125F
. 1.12F
'gz‘g 1,115}
SIS WA:
gz 1105
1.1;— . ||||||
11032: correlated syst.= 1.3% SChematic pIOt for Y(4S) — BB A(I)
0 05 1 1;(1) > 25 3 (Qrange, blue CneS)
¢¢“"“--x“
o Two B-meson decays: ROM
- ’: ‘\ .
special event topology 3 ., :creating long-range

* ‘: near-side correlation

thrust axis alignment
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Generator study Long-range near-side enhancement in on-resonance sample

10 <N, <12

- (1b) 1.5 <Ayl <3.0

C,yay = 0.35

1.13F
1.125F
1.12f
1.115}
1.1
1.105}
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1.005}

tosp | colated syt 1% Schematic plot for Y(4S) — BB Different B
(orange, blue cones)
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A _ | 0.15F
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o Two B-meson decays: o s -Z N :
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_ _ :: . A": near-side correlation s
thrust axis alignment :
\ .
% p O..“ .
-‘ T+ :
““ y .
“0‘ A _ A :. eB,z
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Generator study

1.13F
1.125F
. 1.12}
E ‘% 1,115}
—>|< : ;
TI° 144
—|S £ 1.105}
1.1F
1.095}

1.09F correlated syst.= 1.3%
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© Two B-meson decays:

Belle e*e’, Vs = 10.52 GeV
6=N2I" <10
Beam Axis

Off Y(4S) resonance

1 dszair

N dAndA¢

Schematic plot for Y (4S) — BB
(orange, blue cpnes)

mEnN
gut®
"

Y A

R Xthrust

W

special event topology . ereating long-range
_ _ N N A‘: near-side correlation
thrust axis alignment ‘
o Toy sample pairing :
uncorrelated B’s from
different events shows g
similar enhancement!
“’.‘ - R o éB,z
n(= Zthrust)
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Long-range near-side enhancement in on-resonance sample

10 <N, <12

(1b) 1.5<IAnl <3.0

C,yay = 0.35

C,yay = 0.38
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m Quantification of ridge yields

On-resonance:
Low-scale long-range enhancement

Beam axis Thrust axis
102 %l 1 L | L | I | L | L | L | L I 1 |§ 102 %l 1 L | L | L | L | L | L | I I L 1 |§
105 —— Off Y (4S) resonance = 10— Off Y(4S) resonance E
1 ;_ On Y (4S) resonance _; ] ;_ — On Y (4S) r.esonance C-.L. -~ Gentral value _;
- Markers shifted to the right by 0.5 3 : Markers shifted to the right by 0.5 =
107 E 107 95% =
O : - © - 270 >
2 107 E o 107 o505  95% | T =
> n . > - To_'" il =
o 107 E oA 10° 95% . 95% =
g 10k - 2 104k T i Voo
10°F = 1075 v \’ -
= ] - v ]
-6 = -6 = =
10 - >50 >50 >50 >50 = 10 = =
10-7L >50 >50 >50 97% ] 10-7L >50 -
10—8:IIIILH\L|HH|IIII?\I/MIMIIIMIJMMHH—I;I;||||E 10—85|||I||||||||||||||||||||||||||||||||||||||||||E
6 7 8 9 10 11 12 13 14 15 16 6 7 8 9 10 11 12 13 14 15 16
(N ) (N )
>50 exclusion of ridge signa/! Off-resonance: No significant ridge signaq
C.L. limited by statistiCs g

N
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Generator study Off-resonance Y(Ag)

Low-multiplicity _> High-multiplicity

oMCs consistent with data Belle e e \F—10 52 GeV (15 < || <3.0)
INn near side 2'5+E$/”TGG[§Nta 6 < Ntrk<10 10<Ntrk<12 123Ntrk<14 * N,, > 14
= 2 (PYTHIAG) oo _osa | chata _ v oo _ 1 45 | oo _ 4 75 t 1
: : : S - [ ]PYTHIA8240 ~zau=">" 4 2o = 1 ¥ 3 2o = 1 2vm = o
o Discrepancies in the away- = ¢ ™| muerwcree 7] WN |
. . 'éﬁg 11 o 04 1 ] x B
side magnitude g | [srERPazas % % a
-4 O ) e [ . $ 4t
e : Beam axis coordinate - i
. . g 0.5 I e
Differences in data & MC g ! = e —————¢ _
correlation shapes 006
0.05| | 1 1 :
= 0.04f 1 * :
| 0.vo
O PYTHIAG6 agrees better 23 oo2| |
: 5= 0.01} .
with data than HERWIG T SO =SS ST
_0.01}- Thrust axis '
&SHERPA P o.ozlr_\l_ﬁprlr
S —— . — e —— —A ~N ;
O PYTHIAS8 has similar - _0'020 05 1 15 2 25 30 05 1 15 2 25 30 05 1 15 2 25 30 05 1 15 2 25 3
Ad Ad Ad Ad

behavior as PYTHIAG6
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ete- system & Exploring low-energy region Compared w/
minimal condition (Thrust axis analysis) event generators
o Upper limits for exclusion o Off-resonance: O PYTHIA IS In better
of ridge-like signals no significant ridge signal, agreement with data
origin-peak jet correlation than SHERPA &
: scales with collision energy HERWIG
Thrust axis
o orve—— ° On-resonance:
b et s low-scale long-range near-

3 o} side enhancement due to
gt T vl ﬂ | f special decay topology of

vE Y(4S) — BB system

6 7 8 9 10 11 12 13 14 15 16
<NCOFI’>
trk

— T MITHIG group’s work was supported by US DOE-NP
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o (Collectivity signal
Two-particle correlation: soft probe for Quark-Gluon Plasma (QGP) in heavy ion collisions

PbPb \/s,, = 2.76 TeV

trig

3.0< p, < 3.5 GeV/c

- ‘\\
\

CMS pPb m =5.02TeV, N:::line > 110 (d) CMS N2 110, 1.0GeV/C<pT<3.0GeV/C

1<p, <3GeVic

Reaction
plan 4 e
" ik
: Z 2
4 . .
. ' <
y . 7 0
T J'/M. Kaneta x 4 -4 2 =
PbPb [Eur. Phys. J., C72] pPPDb [Phys. Lett. B718

Spatial anisotropy (2013) 795-814]

o Minimal conditions for collectivity behavior [nucl-th:1707.02307]
Smaller collision systems such as ep, ete, yp, YA, to the future EIC!

CMS Preliminary Ny, < 35, s = 8.16 TeV (68.8nb™)
. eVv/C A

ALEPH e*e- [Phys. Rev. Lett. 123, 212002 (2019)]

ATLAS YA [Phys. Rev. C. 104, 014903]

[JHEP 04 (2020) 070] [CMS-PAS-HIN-18-008]
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https://link.springer.com/article/10.1140/epjc/s10052-012-2012-3
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.212002
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.014903
https://www.sciencedirect.com/science/article/pii/S0370269312011768?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269312011768?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269312011768?via=ihub
https://link.springer.com/article/10.1007/JHEP09(2010)091
https://link.springer.com/article/10.1007/JHEP04(2020)070
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-18-008/index.html
https://arxiv.org/abs/1707.02307

Charged particles

Primary tracks

Acceptance
High quality tracks
Impact parameter

Duplicate track removal

Photon conversion veto

e [reconstructed] the distance in the transverse plane of the
decay vertex from the primary vertex < 1 cm
e [MC-truth| decay promptly or from particles with proper
lifetime 7 < 1 em/c
17° < 8 < 150°
pr = 0.2 GeV
Ar| < 2, |Az| <5
veto the softer track of a low-momentum pair (pr < 0.4 GeV)
travelling with a small open angle 4:

1. same-sign charges with cosd > 0.95

2. opposite-sign charges with cosd < —0.95
veto track pairs which can form common vertices (V? objects)
with

1. z distance between two tracks < 10 cm

2. reconstructed V"’s mass < 0.25 GeV

3. decay-vertex radius > 1.5 cm

Neutral particles (for thrust calculation)

Cluster selection

No direct track-matching and tracks matched at cluster edges

Acceptance 17° < 8 < 150°
Energy cut Forward endcap: F < 0.10 GeV
Backward endcap: E < 0.15 GeV
Barrel: E < 0.05 GeV
Yu-Chen (Janice) Chen 25 ICHEP 2022




hrust distribution

* plot statistics: |Ldt: 1.3 fb-
8 GeV Belle e*e’, Vs = 10.58 GeV - : |
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105 trk<dI2 trk trk =
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Exp 3 Run 34 Farm S Event 118 (ECL)
Eher B.00 Eler 3.50 Date/TIME Tue Jun 1 22z12z01 1449 Trk E Thets  Phlmatch elld
1 0147 203 3373 0 0
BELLE TrglD 0 Detver O MaglD © BField 1.50 DspVer 2.01 1 D147 203 3373 0
10 3 23.8 442 1 0
& D 244 3522 1 0
( COC Chry Trk ) gy T 5 0.2 2151 2 0
Trk ch Ptot  Theta  PhI acc tof kim = & 90 2201 1 0
1 + 2364 260 3538 4 O 7 48.2 2414 1 0
2 — OSB3 515 B 5.3 575 1 9
3 + D437 785 61.2 2520 0 0
4 + DI6 Z6, 80.4 821 0 0
5 + D491 479
B + D44D 550
7 — C.4BC 31
8 + D250 35.
9 — 0181 1188 19

Belle has rather
spherical events!

i K)

Theta Phi Muld Match
90 06 ¢ 1
00 00 C© 2
go0 00 0O 3
9.0 0 C¢ 4
90 ¢ ¢ 5
90 06 ¢ ©&
Qo oo 0o 7
go oo © 9

- gdl—in =z
10 cm ftdl—out=z
gdl—out =z

I .
I I I I Yu-Chen (Janice) Chen o7 ICHEP 2022



Observable

Two-particle correlation function

(per-trigger-particle
associated yield)

1 d2Npair

Y(Ag)

Belle e*e’, Vs = 10.52 GeV
6=N2""<10

Beam Axis
Off Y(4S) resonance

Short Range
(O < |An| < 1)

1.4

1.2

0.8

0.6

(Prellmlnary) i

- MG Syst.=0.7%

. 6= NOffine 10

Q.0 <IAnl < 1.0

0.4

A

Yu-Chen (Janice) Chen

c.D Prellmlna( ¢) —

Y(Ag)

Associated yield vs. A}

d Npair
dA¢

N, trig

Middle Range

sociated yield Y(Ag@)

1 d2 Npair

IAM<15)
1.6] Prellmlnar .
" [§ Data ( )] i
L —_ (o]
1.4 —mc Syst.= 0.7%
jof 6= NOMfine < 10
1.0=<IAnl<1.5

1 JA”max
A’7max _ A’/Imin AR

Y(A9)

Long Range
(1 5<|An|<30)

Nyig dAndAg

(Prellmlnary)

2-5:— .Data
| — (o]
e Syst.= 0.7%
T 6<NMe <10

1.5 =<IAnl <3.0

dAn

iBo=¢1-¢2~0 %

a?®

L
.
A

Ridge Signal
(long-range, near-side (A¢~0))

II|IIII|IIII|I_
(Preliminary) -

SYSt. =0.7%

2 N

(lllustration,

NOfine < 10

<IAnl <3.0

pPDb)
P
.’0;5: N -




Observable iated yield Y(A¢)

Two-particle correlation function . - . . - -
(per-trigger-particle 1o’ 5= 10s2cev w=~emmy  Qrigin-peak intra-jet correlations
6=N>M""°<10 -
@ near side (An,Ad)~(0,0)

associated yield) Beam Axis '_
Off Y(4S) resonance

1 d2 Npair
Ntrig dAndA¢ (iz'j): 2—
Ol 1.5
0.5¢"
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Observable iated yield Y(A¢)

Two-particle correlation function

(per-trigger-particle
associated yield)

1 d2 Npair
Nirig dAndA¢ :

1 N
N9 dAndA¢

Belle e*e’, Vs = 10.52 GeV
6=N""°<10

Beam Axis

Off Y(4S) resonance

Yu-Chen (Janice) Chen

E Preliminary

Back-to-back jet correlations

@ away side (Adp~m)

30

ICHEP 2022




Observable ed yield Y(Ag)

Two-particle correlation function - - -
(per-trigger-particle ~ 2eo°e 'e=10:52Ge¥ = Ridge correlations

associated yield) Beam Axis
Off Y(4S) resonance

@ long range, near side

1 d2Npar

s 251" CMS pPb \[Sy, = 5.02 TeV, N > 110
Ntl‘ig dAT]dA¢ SZ %j 2 1< pr< 3 GseV/c e “1
~E,  H :
= 0.54> %

long range
(1.5 < |An| < 3.0)

Belle e’’, (5=10.52 GeV.__ Ef
(rrreprerrprerr T e T T e T e
(Preliminary) -

r el 2.51- Bl Data
- B — o
x . - —MC Syst. 0.7%
F 6 =N < 10
. . 1.5=<IAn<3.0
S 1.5 —
> T
APt i it .
L ridge :

enhancement o
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https://www.sciencedirect.com/science/article/pii/S0370269312011768?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269312011768?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269312011768?via=ihub

Observable icle correlation

The mid rapidity region is where a correlation
function sensitive to:

——— ———
Beam axis e Beam axis analysis:
hydrodynamic expansion of possible QGP
medium in HI collisions

I .
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Observable rticle correlation

Ou‘l:'t)o‘mg divection of

+  — - - - gm= - . .
eTe” events ¥ beam axis The mid rapidity region is where a correlation
(v geveral) function sensitive to:

e Beam axis analysis:
hydrodynamic expansion of possible QGP
medium in HI collisions

Thrust axis

 T[hrust axis analysis:
R EESR) . CRUERSRERE o soft emissions or QGP in e e~ annihilation
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Observable orrelation function

How to understand correlation function in thrust axis coordinate?

O |ntra-jet correlation of on-axis jets is diluted!

Collinear leading intra-jet
correlation dilutes along A}

Belle e*e’, Vs = 10.52 GeV Belle ee’, Vs = 10.52 GeV
12=N2""°<999 12=N2""°<999

Beam Axis Thrust Axis

..................>
Off Y(4S) resonance Off Y(4S) resonance

leading intra-jet correlation viewead leading intra-jet correlation viewead
@ beam coordinate @ thrust coordinate
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Observable orrelation function

A weakened jet correlation

O |ntra-jet correlation of on-axis jets is diluted!

I N .
I I I I Yu-Chen (Janice) Chen 35 ICHEP 2022



Observable elation function

A weakened jet correlation
O |ntra-jet correlation of on-axis jets is diluted!

o Back-to-back-jet correlation is excluded at finite
IAn| region of interest

P .
<o Preliminary

Belle e*e’, Vs = 10.52 GeV

6=N>I""°<10

Beam Axis
Off Y(4S) resonance

An=n1-n2

©c e o000 0000000 00 tecccecsccccscccccccc P

1 PN
N'S dANdAG

I
I I I I Yu-Chen (Janice) Chen 36 ICHEP 2022



Beam-axis two-particle correlations — on-resonance (\/s=10.58 GeV)
. Belle e'e’, ¥5=10.58 GeV

2 2.4
_ . 12 6= N <10 4 1.0 <lAnl < 1.5 2'2 1.5 = IAn| < 3.0
© Larger discrepancies are observed btw data and PYTHIAG N 12| 18
. . . Q-Z_g e i 1.6
in the near-side (A¢ =~ () and away-side (A¢ ~ n) peak °k i 14
4 0.8
values - | 08
0.6} 0.6
' 04f  oorelated syst=05% .
25 3:_
Sl ete — Y(4S) 5f
é = Data Lls
1 o + :': ,""‘.* . -ogx
% 5 1’(1s+) Wf’(zg) M;:'(:‘sa)“ s ""»'“"“1:;:1;‘)&4" i OZ:
—9‘44 ~ 1;;;8 (mGZzUCE;OM _ - PYTH IA6 1:— correlated syst.= 0.4%
3.2_—. .........................
3t
= | 2.8
LIS
Ql 4: 2.5 ngé 22:
© O 1.8F
1.6F
— ctcg ~x 1.5 < 1.4;— correlated syst.= 0.4%
Z
Ls
1-§Z§
1-8;' | corlrelateld sylst.= 1I.1°/o |
n n . . O 05 1 15 2 25 3
12 < N'¢ < 14 High-multiplicity . A
— trk Short Range Middle Range Long Range
O <|An| < 1) (1 <|An| < 1.5) (1.5 < |An| < 3.0)
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https://arxiv.org/abs/2206.09440

Thrust-axis two-particle correlations
e'e’, ¥5=10.52 GeV Belle e'e”, ¥5=10.58 GeV

. SSNtrfkc<10 0.5F 065— 6SNtrrekc<1o : :
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https://arxiv.org/pdf/2201.01694.pdf

Systematics

Selections

1. Primary particle selection
Vary the primary particle definition between the proper lifetime cut ¢ < 1 cm/c and the vertex cut
V.<1cm

2. Tracking efficiency
Universal 0.35% uncertainty quoted for high p, ( > 200 MeV/c) tracks

3. Event selection

Vary the energy sum in ECL from > 0.18 \/E to > 0.23 \/E

Histogramming imperfection
4. B(0,0) extrapolation and long-range correlation scaling
Corrections of bin-size effect on the B(0,0) scaling factor and the magnitude of the long-range

correlations are applied. Uncertainties of the correction factors are considered as sources of systematics
5. AP bin width

Reweighting

Accessing by reweighting factors with the alternative parametrization
6. MC reweighting
/. Thrust mixing reweighting

I
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Systematics

o Selections (primary particle, tracking, and event selections) are the dominant systematics
sources

o Qthers are comparably small: O(10~*) up to 0.5%

Beam axis analysis Thrust axis analysis
| | | | | |
Primary particle selection | <0.1%-1.0% 0.4%-6.3% Primary particle selection | ‘ <0.1%-0.5% <0.1%-3.8%
Tracking efficiency 0.35% B Off-resonance Tracking efficiency 0.35%
| On-resonance | |
. m»<0.1%-0.4% .~ I <0.1%-1.3%
Event selection <0.1%-0.3% Event selection | <0.1%-11%
B(0,0) extrapolation  pe<0.1%-0.3% . e <0.1%-0.2%
8 Long-range scaling ! <0-1%-0-1% B(0,0) extrapolation - <0.1%-0.1%
@ <0.1%-0.29 Y o mmmmm <0.1%-0.3%
MG rewe|gh’[|ng » 20.1‘%2—0.102 Thrust MIXINg rewelghtlng <O.‘|OE)-O.4O/2
Ad bin width | <0.1% MC reweighting & <0.1%-0.1%
o m» <0.1%-0.2%
O 05 - -I 5 2 A¢ bin width <0.1%-0.1%

rel. uncertainty in % 0 0.3 0.6 0.9 1.2

rel. uncertainty in %
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m Quantifying ridge signal by ZYAM method

o ZYAM method (zero vield at minimum) is applied to calculate “ridge yield”

Belle e*e’, | \s=1 |0.52 C|1‘ev

_||||| |||||||||||||||| ||||||_
Belle e*e’, Vs = 10.52 GeV = Prefiminary - (Preliminary) 7

6<Np, <10 or CEeam — 1.4067 = 0.0159(stat.) + 0.0109(syst.) 5 ¢
Beam Axis L b -
Off Y(4S) resonance - I Data 3
ey " 5[~ — 3rd order Fourier ¢ 7
g% ‘  —3rd order poly + cos2x
= L
Ol 1.5} S | — 4th order poly _
e B Offline
= 1 NOTe > 12

o No significant ridge signals are observed in
both beam, thrust axis coordinates

o Upper limits of ridge vield by the bootstrap method reported

Phys.Rev. C72 (2005)
011902

bootstrap

(beam Coo_Fdinates) (thrust coo_rdinates)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.72.011902
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.72.011902
https://projecteuclid.org/euclid.aos/1176344552

m Quantifying ridge signal by ZYAM method

Bootstrap method

e Fit the long-range vield distribution Y(A®).

e Vary the functional distribution by statistical and systematic uncertainties to construct
a pseudo data.

e Refit the distribution with the same function and get a new ridge vield from this
smeared distribution.

e Jotal 2M pseudo data are constructed.

Data Pseudo data Pseudo data
0.399 F r . 0.401 '
C 6 < N2 < 10 0309 8 < N7y "® < 10 "~ 6 < NOMine _ 40
0.398 Data - Pseudo-data N,,,,...: 0/2000000 / 0.4 L Pseudo-data N,,,...: 1/2000000

Cayam=0.3952

0.397 [ Cyyan=0.3924 0.398 [ cyyan=0.3940 0.399 |-

- . =7.402126-01 V - X, =7.82008¢-01 /f; - x,,=7.58829¢-01 /
T Vi3.13469e-04 T E Yige=3:39068e-04 50398 |- ¥,,=4.39351e-04
Doaes - S | El
> : A >0.396 - >-0.397 )
0.394 :— // C // B - /«’/
- 0.395 = 1 Y /
- R 0.396 — e
0393V 4 / - I e / - ™ /'/
— _\H“*'“-——_ _—*-'// [ A S A ] :-:'f':‘:-_—.—_-_.."—::"_/_f ___________________________ I I S e d ]
e 0.394 |- 1. =
0.392 - + - 0.395F
0.391:—111||11||11||11|||11||1|||1|||| 0'393—_||1|||||||||1|||1||||||||||||1| 0.394_—11||1|||1||1|1||1|||1|||1|||11
0 02 04 06 0.8 1 12 14 0 02 04 06 0.8 1 12 14 0 02 04 06 0.8 1 12 14
Ad AO A bootstrap
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https://projecteuclid.org/euclid.aos/1176344552

On-resonance Y(A¢g)

Generator study

(1.5 < |An| < 3.0)

Belle e’e’, \s=10.58 GeV

_\ T | [ ‘ T ‘ [ ‘ [ | L ’ \__l [ ’ T ‘ [ ’ T ‘ L T |__| L L | L ] L | L
2| B Belle Data T 1 T :
| BeleDala 6 <Ny <10 10 <N,, <12 12 <N, <14 N, > 14
= PYTHIAG ata —1 ata -+ ata -1 ata —

% 1.5 : I(DYTHI A 8.)2 40 Covam =083 CoR, =1.21 coo = 1.59 1 Co2, =1.95

O i . = {

| 1| B HERWIG 7.2.2 : i .

L3 - [ ISHERPA 225 N I
. 05[ 1 T
1—02: : | ) )
0l o N
: Beam axis coordinate
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B E— T [ —

g -02 e ,
0.05[ B AR e e s T —
001 {

= - /;: Coa - 0.68 chaa - 0.89 T Coda = 1.11 .

5 0.03] + b E

O N N T i

| N i 1 i

5 | 0.021 —+ t :

gs | : I t

E 0.01 — e ]

-3 - Te oy * - 1t .

0 [t : o e | :
borl : Thrust axis coordinate | :
I j g e l?*—'w i

s 0.01

5 g— e —_—

)] i s |

r -0.01 - — 1 S R \ —
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Generator study

Kinematics distribution
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