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Azimuthal anisotropy at peripheral heavy ion collisions

Non-centralz /
collision

“peripheral” collision (b ~ b
“central” collision (b ~ 0)

max)

Reaction plane

* Peripheral heavy 10n collisions
1. Large energy is deposited in a system with initial space azimuthal anisotropy.
2. Created medium are heated and finally thermalized.
— Quark gluon plasma is formed. Quarks and gluons are deconfined. Parton freedom degree is released.
— Initial space azimuthal anisotropy is transferred to momentum azimuthal anisotropy via strong coupling.
3. System cools down and deconfined partons hadronized and fragmented into hadrons.
— Final states, hadrons from partons, inherit momentum azimuthal anisotropy from thermalized partons.
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Observation
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» Strong evidence of thermalization at parton freedom degree (NCQ scaling)
* v,/n, of different particle species agree with each other quite well.

(ng 1s the number of the constituent quarks)
— the parton freedom degree 1s released and the system 1s thermalized.
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Flow of heavy quarks at heavy ion collisions
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At LHC, charm quark density in the created medium 1s high enough to couple together and form J /1.
* |/ v, at heavy 10n collisions
* Charm quarks are pushed by medium and thermalized. — / /i from recombination inheriting
collective motion of charm quark will have significant v,.
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Flow(-like) phenomena in small systems
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https://link.springer.com/article/10.1007/JHEP09(2010)091

System-size dependent flow(-like) phenomena

Heavier constituent quarks

u, d’ S (T[,p, K)’ C (D']/llj)’ b (B'Y) >

>
>

* How is going when systems get smaller?

O
:J> o e

* Flow(-like) phenomena should be study at different systems
(different collisions with different multiplicities).

* How i1s the system? Is that system in equilibrium?

o
o o e

<su1913&s Id[ewS

 How does the quark interact with the medium? Are the
quark species thermalized?
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System-size dependent flow(-like) phenomena

u,d,s(mT,p K), c(D b (B,Y)
Heavier constituent quarks >

AA
W
. | B
=
PA | @ * J/1¢ azimuthal anisotropy measurement in pp collisions
: % * The almost heaviest hardon 1n the smallest system.
o . * To find the origin of flow(-like) phenomena 1n small systems
= * To further solidify the mechanism of QGP flow generation in

heavy-ion collisions

<s
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System dependent J /Y v,
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ALICE RUN 3 upgrade

Time Projection Chamber
Tracking, particle
identification

Inner Tracking System
Tracking, vertex reconstruction

V0 Detector

Centrality determination
triggering, and reaction plane
measurement

Jy - ete”
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ALICE RUN 3 Upgrade
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 Statistic has been increased a lot in RUN 3.
 Plentiful /Y counts has already been seen.
* Measurement of / /iy v, in pp 1s possible.
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Datasets and Analysis Cuts

e Dataset * Track Quality Cuts:

« DQ_Skimmed: )
LHC22_HighlIR_pass4_electron

* Including:

0 < xfpc < 4
Nclsype > 90
Nclsyrg > 2

IsSPDany (have at least one hit at the
innermost two ITS layers)

* 22moprt * —1<DCA,, <1
 Offline trigger: * —3<DCA, <3
« Events should contain two p; > 1 GeV » Kinematic Cuts for electrons from J /1:
electrons « —09<1n<09

* pr>1GeV/c

 Kinematic Cuts for reference flow:

—-09<1n<09
0.2 <pr<3GeV/c
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https://alimonitor.cern.ch/hyperloop/view-dataset/1100

Detailed ¢ acceptance check
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Efficiency loss at the coverage in the red box

No acceptance 1s lost but the efficiencies are low at specific n—¢ region for SPD.
If there’s no IsAnySPD cut, a large fluctuation of ¢ distribution will be observed.
Non-uniform Acceptance should be done from run to run.
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Non-uniform Correction

o (rad.)
(o}
Vix Z (cm)

-08 -06 -04 -02 0 0.2 0.4 0.6 0.8
n

* The dimension of non-uniform correction for reference flow should also include Vtx,, n
from run to run.
* And for non-uniform correction for J /iy, pr of J /i should also be included.
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Observable

UnVp = (cosn(¢ — 1))
Ur% = (cosn(¢p; — ¢2))

* v,:the n-th harmonic coefficient of REF
* v,): the n-th harmonic coefficient of POI
* ¢: azimuthal angle of reference flow

* : azimuthal angle of /i

Q,,(barrel track)

Q,,(barrel track)

pn(dielectron) Q,,(barrel track)

09 N

-0.9

« Barrel Q-vector » Q,, = M e?i = QX +iQ)
« Dielectron Q-vector — p,, = LI, e™i = pX + ip!

M : multiplicity barrel, m: multiplicity dielectron

PARTICLE OF INTEREST (POX): |V, , = v,v, = p;fj

0.9 09 N | | | N Vi,
Dielectron harmonic coefficient: v, = ’
2 |Qn|2 - M V VZ,Z
REFERENCE (REF): | V.., = —
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Non-uniform Correction

- o # W pn(dielectron) Q,,(barrel track)
mnnm‘;ﬂ#’}*ﬂﬂ“ h}{ ’ i f} hﬁl “ﬁ ﬁw ﬁ# Fi w{hh{wﬁ‘#ﬁh #
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!/

1000 A(lp) A (¢)

- * Acceptance function J /Y: A(Y)

L B S e

g (rad.) °

Non-uniform effect of detector acceptance

should be corrected.

* With uniform acceptance:

(cosn(¢p — ) = [Jf dpdy

* With non-uniform acceptance:

(cosn(p —¥)) = [[[ dpdy

dLPEp

Acceptance function barrel: A'(¢)

JAp =AW 5=

f(@®)f' (W) cosn(p — )

d‘PEp

ERA(P)A' (D) (b, Wrp)f' (W, Wip) cos n( — 1)
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Non-uniform Correction

S000F + , bk pn(dielectron)
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« Non-uniform effect of detector acceptance
should be corrected.

. _ {cosn@ — $))

g (rad.)

Shifting part

A(Y)

— (cos ny){cos ng) — (sin np){sin ne)

Un¥n

Q,,(barrel track)

00 1N

A(¢)
» Acceptance function J/Y: A(Y)

» Acceptance function barrel: A'(¢)

- JAPSE=law =1

1 + (cos 2ny){cos 2n¢) + (sin 2ny)(sin 2ng¢) REF nV,
; POI M7V,
Scaling part Ly Ve
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10

10

10°

Vo o,(J/Y — track barrel) Measurements

;|—|— hternp

= Entries 738787

— Mean 4352

= Std Dew 260.9

C 1 1 I | | 1 | 1 1 1 | 1 | | I 1 | | | | | 1 I | | 1 | 11 1 | 1 | | I 1 | | |
0 200 400 600  B00 1000 1200 1400 1800 1800 2000

fMultFTOC

* FTOC multiplicity 1s used as the

multiplicity indicator.

0.035

0.03

0.025

0.02

v 2,2

0.015

0.01 -+

-
L ]
e
0.005 e ..."l
- - Il Il o I a I Il o

——f—

1 1.5 2 2.5 3 3.5 4 4.5 b

M, [GeV/c?]

* V,, without any pr or multFTOC cuts
» A peak-like structure has been observed.
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Correlation signal extraction

* Ntotal = Nsignal + Nbackground

* Ngignai: Crystal ball function

* Npackgrouna: Scaled mix event, residual background

+ V(ee — track barrel) = ~29d V({J /Y — track barrel) + Nbackground V(bkg — track barrel)

total Ntotal

 V(bkg-track barrel): polynomial function

Fit simultaneously:
 (Calculate the y? of the two function above
e Minimize the y? with Minuit
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Correlation signal extraction

* Ntotal = Nsignal + Nbackground

* Ngignai: Crystal ball function

* Npackgrouna: Scaled mix event, residual background

+ V(ee — track barrel) = ~29d V({J /Y — track barrel) + Nbackground V(bkg — track barrel)

total Ntotal

 V(bkg-track barrel): polynomial function

0.033

0.023

v 2,2

(=1 1 =] =] (=1 (=1 3 [=1

(=] (=] £a £a (=] (=] (=] (=] (=]
ra i =] (=] L= L= =] =] =] L] =]
;8

M, [GeV/c?]
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Correlation signal extraction

Without any p, or multFTOC cuts

M, [GeV/c?]

* Fit can’t describe data well.
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Correlation signal extraction

Without any p; or multFTOC cuts 0<MultFTOC<400;p_>1GeV/c
0.03 -—_|—
0.0 4
0.0z i . N
~ 0.04F
= I ¥
0.01 ++ -+ +
0.02— -+ -+
i +4+ +
0.0
u | | +++ |
& &9 3 3.9 a2 L] 1 L ——— 2 - 3 I T - 4 5
2
Mo [GeV/c?] Mye [GeV/c?)

Fit can’t describe data well.

 Apply An > 0.1,p7 > 1 GeV/c to get larger signal and flatter background. Background
is still strange.
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Correlation signal extraction

0.025

Without any p, or multFTOC cuts

M., [GeV/c?]

Fit can’t describe data well.

v 2,2

i
0.06F 4
L
0.04}
_|_
_ + *
0.02F + 4+
i +4+ +
1 1 +++ 1
1 2 3 4
M, [GeV/c?]

0< lVIuItFTOC<4OO;pT>‘I GeV/c

v, {SP,|JAn| > 0.8} Counts /40 MeV/c?

[#%]
o
o
o

- % 40000}

T 2 30000f

C < 20000}
7

2000 £

1000F

0.058R

o

~0.05}

- Q

(b1)

30-50%

Apply An > 0.1,pr > 1 GeV/c to get larger signal and flatter background. Background

is still strange.

RUN2 published results with a larger n gap also has a strange background shape.

A smaller mass region and finer mass bin width should be used.
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Low statistic condition

* When statistic 1s low, TProfile will bias the mean value and underestimate the uncertainty.

Shifting part
. (cosn(y — ¢p))|— {cosny){cos ng) — (sinny)(sin ne)
Untn = 1 + (cos 2ny){cos 2n¢) + (sin 2ny)(sin 2ng¢)
Scaling part

 The NUE correction and uncertainty propagation are unreliable.
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Low statistic condition

0< MuItFTOC<4OO;pT>1 GeV/c
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* Bootstrap should be applied.

 NUE grouping should be done.

* NUE should be corrected with Monte-Carlo
data.
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Summary

* The framework has been set up.
* 2 papers published
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Data quality check
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Data quality check

pp,Vs=13.6TeV

72[----Meant 3x RMS C T e
—— Mean 0.7(— —+— 528292
[ p— Data | - e 523441
- - 520115
68— . - ~ - 0.6 523300
- 2 3 g z C
e - S IR - SR |- .
= 0.5
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6.2 Z- _'—-:i" - -_-" - __‘.-' = _- - - = '_- - "": - -_ e - 0.4:—
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Bad runs: 528781, 528292, 523142
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Detail Check

Before Cuts

DEFAULT NOT DEFINED (ITSClusterMap)

120+

100}

ITS hit bit masks

gof

-

0

-1 —(ﬁe—gﬁz—sfz—&iz‘ﬂ 02 04 06 08 1_|1

ITS Layer

|
“1_08 06_D0D4 02 0 0.2
Senjie Zhu, Doctora
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ITS Layer
Oy
T

-1 08 06 04 02 0 02 04 06 0B

The innermost two ITS layers have
problems at specific ¢ region.
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Observable

1

F(#) = 5 (142552 vucos(n(@ — Tgp)))

 Basic idea (in 1sotropic case)

fffdﬁfﬁd’f}t' d"g:P f{fﬁ} f’ {w) cos m{{ﬁ - "'1"5} = U U -

 Practical observable

Define gq,, = E”ei”*ﬁﬁ for REF and Q,, = E#ei“‘bﬂ for POl in for per event.

2 (%}E)iWi
¥ W,

In the practical code, profiles will be filled to calculated V5 5.

!
2

Vao(J /1 — tracklet) = Re(

— UV

Q29
VE,E single event — Re
( ) g t ( ng[})

will be filled for each events with weight Wingie event = Q040
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Uncertainty estimation

» Uncertainty estimation in TProfile

Double t cont = p->fArray[bin];

Double_t sum p->fBinEntries.fArray[bin];
Double_t err2 = p->fSumw2.fArray[bin];
Double t neff p->GetBinEffectiveEntries(bin);

Double_t contsum = cont/sum;
Double_t eprim2 = TMath::Abs(err2/sum - contsum®contsum);
Double t eprim = TMath: :Sqgrt(eprim2);

return eprim/TMath: :Sqrt(neff);

VoA J /1) — tracklet) = Re(

Event-by-event

The proof are as below. The mean estimation is z — 2% Thus,

Eiw,-
B TwlA®(z;) Ew?
&2(1:) B 2 W; B 2 W; o

PbPb 5.02TeV 0 — 10%

1<pr<2GeV

Correlation-by-correlation
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Uncertainty estimation

2 {(zijywij), 1 <i<m;1 <N <j}

Assuming a distribution with mean value p and variance ¢,
W

_ Ny o W ,
i Ez‘:lwz,.? XJ — Ei:lwh_?mz,.i/wg-

 In correlation by correlation case,

_ YV W.X.
{(SE{,’IU{),].‘CE'*“(N}. X:;N—I‘;’}:#
= Yowiz;  Xywip y i
= = = N 2 N
w, w; ; =7 DWW
T rneasured — o — ENW o ( ENW )
L, Dwr? (E'éwimi 2 o 7
Ir == -
w; w;
B +0°) L e oy  In the measurement, the even-by-event uncertainty
B 3w, B sz( et * E%jwiwjmixj} . . .
“E w2 i estimation should be corrected to correlation-by-
1y 1 . . .
= (1— S )o? + p? — SHE (Biw? + Tizjww;)p’ correlation case. This can be done with a scale.
1 Uy g W - s
Siw? t 5, s 2 5, v
—(1— ——1)o? o2 1w ZiWi; |\ 5 TiTW
(e e S W T B T W,
5V 5 (Bi,jwi ;) i"i
. oy
. Finally a2 a2 &) EW;  Suwl 0 DW; Bl
y corrected TProfile Y W2 2 (E s _)2 T Profile W2 v 2
AT . i.J 3,7 Wi,j M Ei—m
W iTW;
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Non-uniform Correction

« Define acceptance function A(¢) for the reference track, and A’ (¥) for J /1 with condition [ A(¢) % =1and [ A'(Y) % =

« Now, ///d¢d1/} d‘gfp f(@)f' (¢) cosm(¢ — 1) becomes

J[[ 9w =55 1007 (6) @) 4 @) cosn(w - ¢
= (cos(nw))(cos(ng)) + (mn(m,b))(mn(an}))

fff dpdy A($)A'($)E77_ 1 vnv), (cos(n —n') (¥ — §) + cos(n +n') (¥ — ¢))

If ignoring all terms where n # n/,

[_// apdp T EL £(9)F (4) A(9)A' () cos (s — 9)
cos(rut)) (eos(nd)) + (sin(re))(sin(rg) + unci
///dédi,bA( )A (¢)v, vy, cos 2n(y — @)
cos(nh)) (cos(ng)) + (sin(nth)) (sin(ne))

Finally,

UpUp =

(cos n(i—a)) — (cos(ny)) (cos(ng)) — (sin(ny)) (sin(ne)}

1+{cos(2ny)){cos(2n¢) )+ (sin(2ny)) (sin(2ng))

+ Unﬂn(l + (cos(2n1))) (cos(2ne¢)) + (sin(2n)) (sin(2n¢)))
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Merge run-by-run measurements

e Mean value

Z:CEJISGSl’lCCLSBS]VCCLSBS

Hmerge =

(N gse 1s the number of | /1 track pairs in one case.)
ZC.'sIS(BS]VCCLSBS

 In the discussion above, all uncertainties have been corrected into correlation-by-correlation case. So
when run-by-run measurements are merged, all the measurement should be considered as correlation-
by-correlation measurements.

Sk (Amn (i gwig)’)i
(Be(Bijwij)e)’

2 |
&m erge

Scale uncertainty to variape

Get the summation of the scaled variance

Dec. 27, 2024 Senjie Zhu, Doctoral Dissertation Proposal 44



	幻灯片 1: 大写 J 除 Psi  azimuthal anisotropy measurement in pp collisions at 平方根 中等阴影 s =13.6 TeV with ALICE 
	幻灯片 2: Contents
	幻灯片 3: Contents
	幻灯片 4: Azimuthal anisotropy at peripheral heavy ion collisions
	幻灯片 5: Observation
	幻灯片 6: Flow of heavy quarks at heavy ion collisions
	幻灯片 7: Flow(-like) phenomena in small systems
	幻灯片 8: System-size dependent flow(-like) phenomena 
	幻灯片 9: System-size dependent flow(-like) phenomena 
	幻灯片 10: System dependent 大写 J ퟀ� Psi 设备控制 4 v 下标 2 
	幻灯片 11: ALICE RUN 3 upgrade
	幻灯片 12: ALICE RUN 3 Upgrade
	幻灯片 13: Contents
	幻灯片 14: Datasets and Analysis Cuts
	幻灯片 15: Detailed digamma acceptance check
	幻灯片 16: Non-uniform Correction
	幻灯片 17: Contents
	幻灯片 18: Observable
	幻灯片 19: Non-uniform Correction
	幻灯片 20: Non-uniform Correction
	幻灯片 21: Contents
	幻灯片 22: 大写 V 下标 2,2 设备控制 4 左圆括号 大写 J \ 除 Psi 减 t r a. c k 设备控制 4 b a. r r e l , 右圆括号  Measurements
	幻灯片 23: Correlation signal extraction
	幻灯片 24: Correlation signal extraction
	幻灯片 25: Correlation signal extraction
	幻灯片 26: Correlation signal extraction
	幻灯片 27: Correlation signal extraction
	幻灯片 28: Low statistic condition
	幻灯片 29: Low statistic condition
	幻灯片 30: Contents
	幻灯片 31: Summary
	幻灯片 32: Contents
	幻灯片 33: Research Plans
	幻灯片 34: BACKUP
	幻灯片 35: Event Information
	幻灯片 36: Data quality check
	幻灯片 37: Data quality check
	幻灯片 38: Data quality check
	幻灯片 39: Detail Check
	幻灯片 40: Observable
	幻灯片 41: Uncertainty estimation
	幻灯片 42: Uncertainty estimation
	幻灯片 43: Non-uniform Correction
	幻灯片 44: Merge run-by-run measurements

