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Motivation %
o

\/ ALICE
// | \ \\// e charged particle production
N
==y ° collisions:

A ¢ Reference for Pb-Pb
o Effects of multiple parton interactions
¢ Hadronization beyond
independent string fragmentation

(color reconnection, CR)
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Motivation
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ALICE
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— Bayesian unfolding
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ALICE

¢ ALICE detectors for tracking:

e [nner Tracking System (ITS)
¢ Time Projection Chamber (TPC)

-
-
44

e Primary charged particles
e 0.15 GeV/c < pt <10 GeV/c

e |y <0.8

Measured multiplicity
#
True multiplicity

QCHS18 | 2018-08-01 | Bayesian unfolding of charged-particle pr spectra with ALICE at the LHC | Mario Kriiger 8



True vs. Measured Multiplicity . %
\ ALICE

True multiplicity:
Nch I
7 T2 5 s N

Detector response
Nch = Nacc

A
Measured multiplicity:
Nacc .
>
1 2 3 4 N
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True vs. Measured Multiplicity
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True vs. Measured Multiplicity

Measurement
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True vs. Measured Multiplicity

Measurement
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Unfolding Procedure

o
ALICE

Detector Initial guess rrnnnns
response for true distribution

Nch = Nace

lteratively
use Bayes’ theorem

Measured

distribution measurement

I Nacc = Nch

AI
Ill,
1 2 3 4 N

Method following Nucl. Instr. Meth. Phys. Res. A 362 (1995) 487-498
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Unfolding Procedure
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Unfolding Procedure

.®

P(Nacc‘Nch) P(Nch)
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Bayes’ Theorem
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Unfolding Procedure
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P(Nch‘Nacc)
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Unfolding Procedure . %

ALICE
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QCHS18 | 2018-08-01 | Bayesian unfolding of charged-particle pr spectra with ALICE at the LHC | Mario Kriiger 17



Unfolding Procedure . %

ALICE
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Unfolding of pr Spectra

Measurement Truth

Event characteristic

A Multiplicity: A
Illl,
1 2 3 4 N

. & pr distributions

Nacc
ALI-SIMUL-14510
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Unfolding of pr Spectra — pr Resolution

o
ALICE

Measurement Truth

e 2D problem

pt (GeV/c)

e pt resolution of tracking detectors
true meas

°* Pr — Pt
¢ only small effect on pr spectra

10 20 30 40 50 60 70 80 90

Nacc
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Unfolding of pr Spectra — Events vs. Particles

o
ALICE
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Unfolding of pr Spectra — pr Differential

ALICE
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s I ¢ Bayesian unfolding for pr slice
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Unfolding of pr Spectra — pr Differential

ALICE

¢ Bayesian unfolding for pr slice

— Composition with respect to Ncn

0O 10 20 30 40 50 60 70 80 90 A
Nace

e pt dependent measured Nacc distribution

input for unfolding procedure

0 10 20 30 40
— Each Nacc distribution: Different Necn composition Nacc
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Measured and Unfolded pr Spectra

o
ALICE

Measured pr spectra Unfolded pr spectra
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e Multiplicity dependent charged-particle pt spectra up to Nch = 80

¢ Best possible resolution (ANch= 1)
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MC Studies

@
Closure test:
. S E ALICE simulati
e Unfolding of pr spectra from MC > 0.850 pp, V5= 502 TeV. [n] < 0.8
0} 085_ 0.15 GeV/c < p_< 10 GeVic @e*'g
e Comparison with MC truth pr-spectra 3 F <n> S
~ 0.75F pT
* Difference: Important indicator for 07E
systematic uncertainty of procedure 0,65
0.62— .
0.55F- ng ¢ truth (PYTHIAS Monash-2013)
@ 4 unfolding method
0.5~ ¢ re-weighting method
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Re-weighting Method s N
as done in Phys. Lett. B 727 (2013) 371-380 ALICE
Response matrix

> P(Nacc Nch)

5100~
80\- 5 -

60

40

20— o ALICE simulation
f pp, Vs =5.02 TeV, |/ < 0.8
| 0.15GeV/c < p, <10 GeV/c
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Z P(NaCC’NCh)<pT>(NaCC)
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MC Studies

O
Closure test:
. S E ALICE simulati
e Unfolding of pr spectra from MC > 0.850 pp, V5= 502 TeV. [n] < 0.8
) 085 0.15 GeV/c < p_< 10 GeVic o
. . —~ 0.8 o
* Comparison with MC truth pr-spectra 3~ & oo oo
~ 0.75F pT
¢ Difference: Important indicator for 07E-
systematic uncertainty of procedure 0,65
0.6;— .
_ . _ 0-552— Q@g ¢ truth (PYTHIA8 Monash-2013)
e Alternative method (re-weighting) o5t oo

to obtain <pt> vs. Nch (as in [1])
— Bias covered by assigned
syst. unc. in previous publication
¢ Bayesian unfolding more accurate

— <p7> results have lower syst. unc.
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MC Studies

ALICE

e Bayesian unfolding: Higher moments pr f(pr)prdpr

(1) =
: : Pr) = dp!
in good agreement with MC truth as well Pl f(pr) Pr
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Summary and Outlook

o
ALICE

—~ 10 o
e - e Bayesian unfolding method for
6 s multiplicity dependent
ol L2 -
J: ] charged-particle pr spectra
i o g e Method validation via MC closure test
2‘ AL'\CFE si‘Sn’:)uZI?I'ﬁ?/nlnl ? E
t pp, Vs =5.02 TeV, o 3 . T
' 0.15 GeVie < p, < 10 Ge e — reduced systematic uncertainties
0 10 20 30 40 50 60 70 80 90 °
Nch

compared to re-weighting method

Outlook:

§ [ ALICE simulation § 0.9F ALICE simulation
> 0.9 PYTHIA8 Monash-2013 > s=5.02TeV, /<08
S [ pp.Inl<08 So.85- 0.15 GeV/c < p, < 10 GeV/c
. . ~ | 0.15GeV/ic< P < 10 GeV/c ~ F
o | Q o8
e Application to data CO dos

[ + (s=8TeV open: truth

. § S=13TeV oo E ¢+ pp (PYTHIA8 Monash13)
* Study of energy and system size o " WA
dependence :;f
Fog 0.55
e High multiplicity in pp vs. Pb-Pb N R R A
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