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» Motivation
» Analysis of inclusive J/1 via machine learning
» Analysis of non-prompt J/¢

» Summary

FEE PEALCERFARFITS 2



J/y production in heavy ion collisions

Ea rIy creation: J/Y experience entire evolution of the quark-gluon plasma

Dissociation in QGP: static and dynamic Vg ~ 1/ Epping > 1p ~1/T

vacuum Temperature T<T Temperature T>T
Jhy - & ® &
o 6 Jhy (r
|
—_ ot [ j @
r r r
Other effects: Central Aa| sPs | RHIC | LHC
. collisions | 20 GeV | 200 GeV | 5TeV
® (Re)generation Nooo/event | ~0.2 | ~10 | ~115

Medium-induced energy loss
Formation time

Feed-down contributions

Cold nuclear matter effects
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J/y production in heavy ion collisions

® J/1Y mesons are produced in 2 ways:

* Prompt:

v" Directly from heavy ion collisions

v" Indirectly from heavier states as y. and ¢’

* Non-prompt from b-hadrons decays

v No (re)generation effects

v' Mass dependent medium effects

® Different mechanisms of non-prompt andko_

prompt J/Y

® Essential for understanding the

charmonium suppression in heavy-ion

collisions
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Inclusive J/1 via standard method

8 I B B L B L L L I R
% - Pb-Pb, 30_50%’ %:5.02 TeV ® Unlike-sign same event ]
= O Like sign same event -
E 50000 [—Events: 62.61 M ® Raw J/y signal .
E C 0.15<pT<15 GeV/e — MC ]
S 40000 — MC+Poll Fit 7
8 E ew” eose8s 0% — ll’oll Residual E
= C _ee*® 0%@.., . ]
S 30000 50 25 =
- e -]
: : 'QG ]
20000 [— - %o —
: oeeq
10000 [— —
A T e
3500 :_ | | | IR : | | [
E J, v : 8344 =653 , X¥ndf = 0.97 3
3000 E S/B: 0.046 =0.013 ! Fitall: 9321 = 500 =
2500 g/y5+2B 137 ! Fit bkg: 972 = 240 —
2000 E ! Fit all- Fit bkg 8349 =555 7
1500 = ! Fit Jhy 8343 =549 3
1000 - —§
500 [ - HL R

Of==t=—==Tt----®-F-1-------q------ ;
-500 - + ! -
_1 OOO E L1 | | | 11 | | 1 | | | | 11 | | 11 | | | | | .

2 22 24 26 28 3 32 34 3.6
mee (GeV/c?)

standard method (Xiaozhi, Alena)
FHEE

The S/B is very challenging in the
standard J/1 analysis, particularly

in Pb-Pb central collisions.

Multiple Variables Analysis (MVA)
techniques is one of the approach
to improve the S/B and suppress

the large background.
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Datasets and pre-selection

[ Datasets:
v' LHC18qg and LHC18r
[ Event cuts:
v |TPCV,| < 10 cm, Vtx contributor > 1
v’ Physics Selection, INT7
v’ Pile-up cuts
[ Track quality cuts:
v 1GeV/c < pr, |n| <0.9, Reject kinks
v |DCAxy| <1cm,|DCA,| <3cm
v  TPC Refit, 50(70) < TPC Crossed Rows < 160
v TPC x? < 3.0(2.5)
v 0.8 < TPC Crossed Rows Over Findable Clusters
v ITS Refit,0 < ITS y* < 36, SPD any
O Electron PID cuts:
v [TPC ng| < 4.0(3.0) Green color is standard method cut
v |TPC nB7°"| > 2.0(3.5)
v |TPC n®| > 2.0(3.5)
O Pair Prefilter 50 MeV /c?
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Input features and hyper-parameters

Features im porta nce: Features correlation ma ps:

e k2TPCnsigmaP hov
trk1TPCno, *2TPCnsigmapi

rk2TPCnsigmaE 0.75
trk2TPCn0'e :“_ trk2TPCdedx
‘PCcrossedRows

trk2TPCno: ——-_—*— . trk2TPCchi2 0.50
p trk2ITSchi2

trk 1TPCn0'p o *—- tr;iz;i)a(; .
trk1TPCno, saTsensamr

trk2TPCno,, o
2 .. rl leax

trk1TPC X retrosedtons

trk2TPCy ' o e
trk2TPCcrossedRows ' Setoenr
trk1TPCcrossedRows " e
- B SHAP walue (impact on el output) ° C:ar:tera?sl

The optimized Hyper-parameters.

0.0745 0.8567 0.9843 hist

* The features importance shows the impact on the output model
* Variables that carry similar physical information are strongly correlated

* Helps to determine the input features
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Model output of inclusive J/y via MVA

Train and test model: Receiver operating curve (ROC):
‘ Background signal
EE 02 o oe oe BDT oult.;ut . 0.0 02 04 06 — 08 10

False Positive Rate

Efficiency vs. BDT cuts:

Efficiency vs. Score

B  #eiite] ¢ The signal and background are well discriminated
o e by the ML algorithm

AR * ROC shows the evaluation of the output model
T ] | * Principally, the larger AUC means more efficient to
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MVA and standard method comparison

S/B vs. BDT cuts

8 0.7 =
«? r
0.6 — l
05
04—
03 - Pb-Pb, 30~50%, WN:S.02 TeV
- Events:26.86 M
02 " 0<p <15 GeVrc :
C ¢
r (]
0.1 é
T ......o.._!...’...?.__.........?._.j. ........................
[~ e ©
Py o | L I | I
0 0.2 04 0.6 08 1
BDT Score

* Both S/B and Significance are improved
obviously w.r.t. the standard method
* Expect more improvement from the

central collisions

Significance

Relative Improvement

12

10

Significance vs. BDT cuts

Pb-Pb, 30~50%, @:s 02 TeV
| Events:26.86 M
C 0<pT<15 GeV/c

0 02 04 0.6 08 1

BDT Score

Significance relative improvement

03 =
L ® o,
C : ¢ :
- ° ; :
| s OIS o . .................................
L ° ° :
0.1 :_ ...... . ............................. . ‘ .................................
- Pb-Pb,30%50%, (s =502TeV .
0 - Events:2686M . . ¢
[ ] : H : H
L 0<p <15 GeV/c i ° :
-01 __<pT .................................
02 | R i T i i
0 0.2 04 0.6 0.8 1

BDT cut
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J/ signal extraction after ML

Machine learning Standard method (Xlaozhl, Alena)
RS = % og000 T T T 1 T T T4
> 1000 b, 30-50%, yse=s.02 TeV * Unlike-sign same event > E Pb-Pb,30-50%, Ysyy=5.02 TeV ® Unlikesignsameevent 3
g = i ) o Like-sign same event § 22000 E O Like sign same event =
2 12000 [Events:2636 M BDT: 055 o RawJhp signsl 2 50000 [ Events: 2634 M ® Raw Jhp signal E
N = 0.15<p <15.0 GeV/c MC < E_0.15<p <15 GeV/c — MC =
5 - T = 18000 =
g 10000 — —— MC+Poll Fit L E — MC+Poll Fit 3
2 - Lt _. Poll Residual «» 16000 E e8e08s — Poll Residual =
E 8000 — oo ¢ 2 14000 - o002 Beoe ' -
= C 8 8s = E oes® 0830, ' =
= - 58068 . . . w 12000 o® 0.4, =
6000 — .,s0808° ' 1 e, = e =
aes 10000 - L e =
4000 [— 8000 | Soe,
= 6000 - *tes
2000 £ 4000 (= =
P e O E O E O HE PO H R P S 2000 £ T S S A E B -
: | ' T I I | I I I | I T T T | T T II | 1T ‘ 1T | I J__
1600 N, : 4214 = 413 | | yndf=118 1400 — FN,,: 3783 x423 ! | x2mdf =128 =
1400 E-S/B 0.075 =0.007 ' ' Fitall: 4497 =261 1200 = 5/B: 0.050 =0.017 E E Fit all: 4006 = 324 —
1200 H-S/VS+2B: 12.4 = 0.00 . | Fitbkg: 746 =125 1000 -s/Vs+2B 9.6 ! ! Fit bke: 425 = 155 -
! | Fit all- Fit bkg 3750 =290 800 = ! ! Fit all- Fit bkg 3580 =359
600 = + ! Fit Jhyp 3576 =356 E
: 400 + + + + ' + + +

T AN +
e H\ . £ 0 = __4.._|__H_'___|___: ______ T
E T TTTTTTTTEIATTTTTITTTTT II'I I”I -200 I I + —;
__\ PR M PR PR P I L P |I |1 ST RIS N _400 11 I L1 | I L1 | I - I 11 1 I 11 | I 11 I 11 | I | 1]

2 22 24 26 28 3 32 34 36 2 22 24 26 28 3 3.2 3.6
Me, (GeV/c?) mee (GeVi/c?)

* An example of the performance after BDT cuts (left) and classical cuts (right).

* Both S/B and Significance Improved obviously w.r.t. the standard method.
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Analysis of non-prompt J/Y

3000P ALICE 10-50% Pb-Pb, |s, = 2.76 TeV
L 25000
> - 15<p_<10.0 GeVic
= 2000
o N
q‘ -
'g_ 1500 y%dof = 61/43
g 10005— + Opposite sign
3 C — Fit, all
O - ---- Fit, signal (x 3) i

500~ — Fit, background
922*42‘2'8 5 32 EVETETRY Lifetime of b hadrons (0(500) um/c)

J. Adam JHEP 07 (2015), 051 Mee (GeV/c?)

ALICE 10-50% Pb-Pb, {5, =276 Tev|  *  Non-prompt J/3 with a larger decay

3 |-+ Opposite sign
10 —Fit, all
----- Fit, prompt J/y
| —Fit, J/y from b-hadrons{ m] / 1/)

15<p,_ <10.0 GeV/c length: gj/llj - ny pr

2.92 < Mg, < 3.16 GeV/c?

3

—
o
llllllll T lI||||I|

x%dof = 115/174

* Measurements of non-prompt/prompt

Counts per 40 um

components with a 2D ML fit: invariant

—
TTTIT

| ‘| |

1 i
106000-4000-2000 0 2000 4000 6000
Pseudo-proper decay length (um)
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mass and pseudo-proper decay length




Multi-classification in ML

Counts (arb. units)

Counts (arb. units)

10t

Train and test model:

Non-prompt

prompt

Bkg

0.8 1.0
BDT output for background

Train and test model:
Bkg

0.0 0.2 0.4

FIEE

-

-
¢
¢
¢

background pdf Training Set
prompt pdf Training Set
non-prompt pdf Training Set
background pdf Test ©~-*
prompt pdf Test Set
non-prompt pdf Test !

0.8 1.0
BDT output for non-prompt

Counts (arb. units)

Inclusive input features + pseudo-proper decay length

Non-prompt

prompt

0.8 1.0
BDT output for prompt

Receiver operating curve (ROC):

Non-prompt

True Positive Rate

o
o

o
'S

0.2

0.0

—— Test -> background Vs prompt (AUC = 0.9555)
--- Train -> background Vs prompt (AUC = 0.9553)
~—— Test -> prompt Vs background (AUC = 0.9529)
~-= Train -> prompt Vs background (AUC = 0.9528)
—— Test -> background Vs non-prompt (AUC = 0.9691) |
~--- Train -> background Vs non-prompt (AUC = 0.9691)
Test -> non-prompt Vs background (AUC = 0.9632)
Train -> non-prompt Vs background (AUC = 0.9633)
—— Test -> prompt Vs non-prompt (AUC = 0.7911)
--- Train -> prompt Vs non-prompt (AUC = 0.7907)
—— Test -> non-prompt Vs prompt (AUC = 0.8315)
-~ Train -> non-prompt Vs prompt (AUC = 0.8321)
Test -> Average OvO ROC AUC: 0.9106
Train -> Average OvO ROC AUC: 0.9105
—-= Luck

0.0

0.4

0.6 0.8 1.0

False Positive Rate

R [EALICESEIG ERFATTS

More efficient to

separate
combinatorial

background and signal

A larger ROCAUC
between
combinatorial

background and signal
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Data-driven method to calculate f

* ¢gisthe acceptance times efficiency factor
8}) +Np + 8;“) *Npp =Y;, * Nisthe corrected yield of prompt and non-prompt mesons
* Y is the extracted raw yield after the BDT cuts

Need at least two equations

v
r . L3 L] L3
€PNy + €PNy = Y n different sets of cuts to obtain a system of n equations

* Ideally, the system can be exactly solved in the case of two
9 equations

* Y and € are affected by statistical and systematic uncertainties,

kgig‘Np“l‘g}z)'an:Yn . .
a number of sets of cuts lead to a better estimation of the N

EN=Y — eN-Y =6
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Data-driven method to calculate f

2 2 2 2
O; = Oy, +Np - Ogp + Npp - Ognp
1 4

Ci ... _ .
pij = é, withi C j Relatedto N
J

v’ The definition of the y?
1’ =806 //
c-| - .

o-n—l O-n_17n
2
K cor Opn—1 O, )

n

v’ Leading by the minimum y? method

N =Cov(N)eIC Y Cov(N) = (eTCle)~!

* Principally, calculate efficiency and raw yields matrix

» Then we can calculate the corrected yields of prompt and non-prompt J/¢
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Efficiency matrix

Pre-selection efficiency:

—
o

> N 1.0
o C Centrality: 30-50% * Total efficiency
) L = Efficiency w.o. PID
C:) 1 O Mass window efficiency
a: ~ 0.8
w C O Acceptance efficiency
0.8+ T % Tracking efficiency
- —_—— * PID eﬂi.cien.cgl: 0.6
Er—o— —o— -
0.6 ———%"—=—
O e
N
r —_— o 0.4
r —_—O—
0.4 =o— —
[~ — —_— NV —
- 'n’ 0.2
0.2, —
Py o
T B [ R | [ 00
2 4 6 8 10 12 14
P, (GeV/c)
L L
ML efficiency vs. BDT_prompt:
Efficienc 'y vs. Score
10 round
promp
0.8
0.6
- 0.4
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0

model_output_prompt > BDT Cut

FEE

ML efficiency vs. BDT_bkg:

Efficiency vs. Score

0.0 0.2 0.4 0.6 0.8 1.0
model_output_bkg < BDT Cut
[ ] [ ]
ML efficiency vs. BDT FD:
Yy Vs. .
Efficiency vs. Score
* Background
e Prompt

*  Non-prompt

0.0 0.2 0.4 0.6 0.8 1.0

model_output_FD > BDT Cut

P EALICESEIG ZE AR ITS

The Pre-selection
efficiency part has
checked with Xiaozhi's

inclusive analysis

ML efficiency vs. the
three model_outputs
cut show as has been

expected
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Raw yields matrix

Raw yields vs. BDT cut sets:

S E Pb-Pb,30~50%, f5yy=5.02 TeV ° U"“ke-sig“ mmmmmm S | Pb-Pb,30~50%, {5;y=5.02 TeV ° U"“k“ig" same event S asE E-Pb-Pb, 30~50%, {5y=5.02 TeV ° U"“"Hig" same event
L _E 7™ 0o Like-sign same event S 5010 ame event S same event
= 70 t5:62.71 M BDT: P(BKg)<0.100 & P(FD) > oizog( " = [ Events:62.71 M BDT: P(Bkg)<0.050 & P(FD) > ozoﬁx J = 40 [ Bvents:62.7L M BDT: P(Bkg)<0.030 & P(FD) > ozog
% 60_ 7.00<p,<10.0 GeV/e MC % 7.00<p,<10.0 GeVi/e MC % 35* 7.00<p,<10.0 GeV/e MC
2 MC+Poll Fit 2 40 MC+Poll Fit 2 MC+Poll Fit
.g 50 i + - Poll Residual § - Poll Residual .§ 30 j ; - Poll Residual
= 1 ' = | '
% + so; +
' : . L S 20 ' + I
ot " & fivy bd e &
30 «‘} + + ¢£ : M¢ 20 . 6 8 153: S S
= +*+ﬁ*+“”++ it ﬁ?‘w SUATIN; it
.- 10 i S R P
T Wi ? H? ++ ++T++ ?++ RRASNRATE
10 + + + + +++ + +++ s +i & it H~:+ H++
° n I Ll +r++ \+
' | yndf=098

: ndf=113 5E ETNy,:75 16
20 *S/B 1.600 =0.492
isN +2B: 58 = 0.00

30 *N 198 £19
F S/B: 1408 +0370
20 {sn/sn& 64 = 0.00

300 F N, 117 £25
£ sm:oms £0202
20 [-S/\S+2B: 59 = 0.00

E ! i =
0 (4= 1111 T b H (PP S o O T OO B S 3 G 8 0 L I L T D Y o st P (S st o e -3 W I R RO
ETTT o et 0 | 0 = o414 T 1 0 e+ TR
-10F . . = . -SE ! .
B + * + : : + 10 ! ! S0 : :
20F + - : AsE +
E | 1 1 | 1l | 1 | =20 1 | 1 | Ll il I 1 C 1 | 1 | Ll il 1 I
2 22 24 26 28 3 32 34 36 2 22 24 26 28 3 32 34 36 2 22 24 26 28 3 32 34 36

me, (GeV/c?) M (GeV/c2) M (GeV/c2)

BDT_bkg<0.10 & BDT_FD>0.20 BDT_bkg<0.05 & BDT_FD>0.20 BDT_bkg<0.03 & BDT_FD>0.20

* Raw yields vs. BDT cut sets in the same p; and centrality bin

e Each cutis the subsample of the previous one
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PID checks between data and MC
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The TPC dE/dx of MC is similar
with data after tuning on
data.

Observe some difference in
the TPC dE/dx splines of p*
and t* between data and MC

Need more works on it
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Summary and outlook

Summary:
v Improved the S/B and significance of inclusive J/1 via the MVA method
v Implement ML on non-prompt J/3 analysis
v’ Set up the data-driven method to calculate the fg
v’ Pre-selection efficiency has been calculated

v' Methods to calculate the ML efficiency and raw yields matrix has been established

Outlook:

O Verify the efficiency and raw yields matrix

O Calculate the fg vs. pyand vs. centrality
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Backup

FISE
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Analysis of non-prompt J/Y

3000¢F ALICE 10-50% Pb-Pb, \s,, = 2.76 TeV

N -
L 2500
> - 15<p_<10.0 GeVic
= 2000}
o B
¥ -
'g_ 1500} y%dof = 61/43
0 -
c 1000 -+ Opposite sign
3 [ —Fit, all
O - ---- Fit, signal (x 3) i

500~ — Fit, background

10%E

Counts per 40 um

1060004000 -2ooo 0

FEE

—
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—

8554 26 28 3 32 3436 38 4
J. Adam JHEP 07 (2015), 051

m.e (GeV/c?)

ALICE 10-50% Pb-Pb, s\, = 2.76 TeV
|-+ Opposite sign
—Fit, all
----- Fit, prompt J/y
— Fit, J/y from b-hadrons

-} 15<p_<10.0GeV/c

2.92 < Mg, < 3.16 GeV/c?

x%dof = 115/174

NI
g

1

2000 40
Pseudo-proper decay leng! |n /L

lIII|II|\|;|‘i ﬁ

my

Cypp = Ly ——

Ly,

PV

Lifetime of b hadrons (0(500) um/c)

* Non-prompt J/y with a larger decay

mj/y
Xy pr

length: ¢, ,,, = L

* Measurements of non-prompt/prompt
components with a 2D ML fit: invariant

mass and pseudo-proper decav length

N
= Zhl [fSig Fig(X) - Mg (Mee) + (1 — fsig) - Frug () - My (mee)]
R EALICESEIE AT &
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