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Intriguing results in pPb collisions at 8.16 TeV

pPb collisions at /syy = 8.16 TeV = large data sample (2016):
o 6.4 billion Min Bias events (Multiplicity range: 10 to 185)
= search for jet suppression due to medium interaction (jet quenching)
o back-to-back jets pjf'z
o jet (im)balance = ratio of jet p; =2 |Xj = ;
T

pPb collisions at 8.16 TeV (2016) & PbPb collisions at 5.02 TeV (2018)

" investigate v,{4} at large p; in pPb and PbPb collisions

o cumulant method = using 0, 2 and 3, 4 subevents (reduces non-flow and
back-to-back jets)
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SEARCH FOR JET QUENCHING IN PPB
COLLISIONS AT 8.16 TEV




Jet quenching measured as jet imbalance

Jet
Measured in CMS pPb collisions
thrgough jet € —
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https://link.springer.com/article/10.1007/JHEP03(2018)181

CMS Ry, and azimuthal anisotropy results

Nuclear modification factors Azimuthal anisotropy: low p<3 GeV
(inclusive centrality class) O observes ridge in pPb
O R,,~>largest suppression in PbPb J geometry + fluctuations
for 2 < p; <30 GeV Q v,{4}~ v,{6}~ v,{8} 2> collectivity
O R_p,=> no suppression in 2-20 GeV (High Mutliplicity)

region in MinBias pPb

JHEP 04 (2017) 039

PRL 115, (2015) 012301
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http://dx.doi.org/10.1103/PhysRevLett.115.012301
http://dx.doi.org/10.1007/JHEP04(2017)039

Datasets and MC simulations  Analysis workflow

Jet energy
corrections

Datasets and
pPb@8.16 TeV
O minimum-bias trigger
" ~ 6.4 billion Minimum Bias events in total
= multiplicity range: 10 to 185
O high multiplicity triggers
" multiplicity range: 185 to 250

m —
o ~ 498 Million events in total /
= multiplicity range: > 250 Observables

o ~ 32 Million events in total
O simulations: PYTHIAS8+EPQOS
= ~ 22 million dijet events (all multiplicities)

= for corrections, unfolding and data-model
comparison

Systematic
uncertainties

m/




Measurement setup

Leading jet J1

Dijet selection
O particle Flow
= anti-k; jets with R =0.4 v&(
= pil.> 100 GeV
= pi2:> 50 GeV
" |A(pdijets| > 57'[/6

Observable B p{.z

X;

1
Pt

Analysis methods
O ratio high-to-low multiplicity (~ “Rcp-like”)
L probe proton and lead directions (check n dependence)

O apply D’Agostini unfolding to correct for resolution
(first x; unfolding at CMS)




x; in different multiplicities and 71 ranges

Study of x; as function of multiplicity and pseudorapidity

O Multiplicity ranges: [10,60], [60,120], [120,185], [185,250] and [250,400]

O Probe jets in both proton and lead directions vt |[ iy |[ ot |
* Midrapidity: [ney| <1 <
= Forward (p direction): 1.2 <1, < 2.4

= Backward (Pb direction): -3.3 <1, <-1.2
 Dijet combinations studied:

> 77cm

Leading: midrapidity

Leading: midrapidity Leading: midrapidity
(Pb) 1 ¢ ‘ P 1 (p) (Pb) -1 «¢

P n(p) (Pb)-n ¢ » n(p)

Subleading: midrapidity

Subleading: forward Subleading: backward
Leading: forward Leading: backward

(Pb)-n «¢ A » n(p) (Pb)-n ¢ \A P n(p)
ing: midrapidit

Subleading: midrapidity y

Sublead



Unfolding x; procedure

First x; unfolding at CMS Illustration for 2 N, ranges
QO X reconstructed vs x; generated
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-010

Unfolding x;— example with data

.. 2
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-010

Results —I: x; dependence on multiplicity

Changes in shapes seen from low to high multiplicity ranges
4 Especially around x; ~ 1
[ No simulations for the highest multiplicity range
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-010

Results — II: x; dependence on n (forward)

Very similar behavior for all different jet rapidity combinations
1 Small changes in shapes

= results for n backwards are very similar (see backup)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-010

Useful for cancellation of systematic uncertainties
K Ratio > 1 at low x; and < 1 for high x

combinations!
= PYTHIA8+EPOS do not include energy loss mechanism

> Multiplicity
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x; ratios to lowest multiplicity range (10<N,. <60)

L Data well described by PYTHIA8+EPQOS MC in all multiplicities and n
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-010
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<x; > ratios to lowest multiplicity range (10<N,, <60)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-010
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-010

Summary — Part | |

First measurement of unfolded x; using high multiplicity up to Nyq. ~ 400
L No modifications observed at high multiplicity for any configuration of jet-jet geometry
= ratio deviations from 1 seen = possible effects:

o Energy-momentum conservation, multijets, among others
o Well described by PYTHIA8+EPQOS (no energy loss)
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V,{4} 2> CUMULANT METHOD WITH SUBEVENTS




CMS azimuthal anisotropy results at low and at high p-

O Azimuthal anisotropy: high p;>10 GeV

= geometry + fluctuations = different path
lengths of high-p; parton energy loss in
QGP medium

O Azimuthal anisotropy: low p;<3 GeV
= observes ridge in pPb
= geometry + fluctuations
= well described by hydrodynamics

0 V,{4}~ v,{6} ~ v,{8} > collectivity n ALRIEN Pr e Te g0l
(ngh MUtle“CIty) cMS 404 b (5.02 TeV PbPb)
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http://dx.doi.org/10.1103/PhysRevLett.115.012301
http://dx.doi.org/10.1016/j.physletb.2017.11.041

Analysis technique: cumulant method

1 Multiparticle correlation technique PRC 83 (2011) 044913
(1 Non-flow suppression
R TARE O ORI @*
Q—cumula nt

PRC 89 (2014) 064904

s Q-vector: @n = X, €M
2>> — <<e’m(¢1—¢2)>>, and <<4>> — <<ein(¢1+¢2—¢3—¢4)>>

e cumulants ® cl2F= (@) e eafd = () — 2(2)) - (2))

= flow o v, {2} = \/cn {2} e v, {4} = V/—cn{4} J

m differencial cumulant : differential flow:

dn{4} = () —2((2)) - ((2))|  w— g = ——otd J
K

1 POI R 3 RFPs (final observable) (—Cn{4})3/4




Analysis Method

Subevent cumulant techniques
O suppress few-particle correlations for exploring collective correlation signals
O uses subevent cumulant techniques = rapidity gaps among the particles
= 2 subevents = can reduces non-flow contribution within the Jets
= 3 & 4 subevents = can remove back-to-back contributions

0% [Phys. Rev. C 96, 034906 (2017) |
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s  Large n coverage of CMS: enough statistics



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.96.034906

Analysis method — |

Differential cumulant d,{4}: standard and 2 subevent methods

[ standard (no subevents) method
- d {4} = ((4)) = 2((2)) - ((2))

-2.4 2.4
Q 2-subevent method >0

- —> d, {4} = ((477") = 2((2)* ") - ((2)*7)
- —> d, {4}y = ((4)"77) = 2((2)* ") - ((2)* )




Analysis method — |

Differential cumulant d,{4}: 3 and 4 subevent methods

[ 3-subevent method
——35  POI: (-2.4<1<0.8)

dy {4} = (TP = 2(2)"") - ((2)" )

POI : (0.8<7<2.4)

«d,{4}505 = (47" ) = 2(2)7) - ((2)"€)

POI : (-0.8<#<0.8)
«d,{4}3 = ((4)*77) = ((2)°7) - ((2)°) = ((2)*) - ((2)""°)

1 4-subevent method A {4} = (D70 = ((2)7) - (27 ) = ()" ) - ((2)° <)




Results

V,{4}in 185 <
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O At low p;: PbPb has larger v,{4} than pPb
[ At high p;: similar magnitude and similar trend of subevents v,{4}
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Results: 4-subevent v,{4}...

CMS-PAS-HIN-23-002
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-002/

Summary — part |l

v,{4}: subevents for pPb at \/syy = 8.16 TeV & PbPb collisions y/syy = 5.02 TeV
L Extended phase space investigated for the first time in small systems
= insights into potential indication of high-p; parton energy loss
Q significant positive value for v,{4} at high p; in pPb collisions after removing nonflow with subevent methods
O striking similarity of high multiplicity pPb and peripheral PbPb collisions=> similar mechanism?

These results provide new information on the interaction of high-p; partons with the medium in
collisions of small system

—PPb 186 nb”(8.16 TeV) + PbPb 0,60 nb™ (5.02 TeV)
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Validate the unfolding procedure at MC (l): prior

Data/MC reconstructed pdf ( p/i;, p/?r ) = applied to remove sensitivity to prior shape

Procedure is tested using an “oversampled MC”
L Very different prior between the nominal and oversampled test-MC
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Validate the unfolding procedure at MC (ll): closures

Closures achieved even with drastically different priors!

1 Shows advantage of using the pdf-convoluted response matrices for cases
when no reliable Monte Carlo exists
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Results — III: x; dependence on n (backward)

Very similar behavior for all different jet combinations
1 Small changes in shapes

= results for n backwards are very similar (see backup) CMS PAS-HIN-23-010
"> CMS Preliminary  pPb 174.6 nb” (8.16 TeV) CMS Preliminary  pPb 174.6 nb” (8.16 TeV) 0.4 CMS Preliminary  pPb 174.6 nb™ (8.16 TeV)
T ik R=04 s e R AT Y g S : TF ek r=08 ) L oa
P > 100 GeV PYTHIAB+EPOS o > 100 GeV PYTHIASEPOS 1 P!> 100 GeV 1 PYTHIAB+EPOS
03 p’; > 50 GoV Systematic uncenainties . 0.3 p’j B eV Systematic uncertainties 1 0.3 "'r' > 50 GeV Systematic uncertainties
Ay >33 ' 51 1 M >
s 6 A > 6 aen” 6
0.2 0.2 = ] 0.2
=z ) = < ——— | =z i
© g - 2 v At - 4
o1 7 — ~Fo.1 | -Fo.1 7=
o Y S Y = A
o p—e— ~-‘QT--: 0 - - Qr—e— m-QTb-a
10 <™ < 60 10 <A™ <60 v ‘ 10 < NE™* < 60
Ol . -0.1 -0.1 AP T T T T T
03 04 05 06 07 08 09 1 03 04 05 06 07 08 09 1 03 04 05 06 07 08 09 1

% X X


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-010

<x;> ratio high-to-low multiplicities: reco vs. unfolded

1 Similar behavior between reconstructed and unfolded

 Ratio decrease with multiplicity
[ Overall good data/mc agreement
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Supplement: v,{4} cumulant with subevents
v,{4} in different <NEoIrecteds bins with POI p, > 6 GeV

pr 186 nb (8. 16 TeV) + Pbe 0.60 nb (5. 02 TeV)
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Cross-check with simulation

. . gen
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L employed to cross check non-flow subtraction of subevent cumulant

d,{4}in data



Previous Measurements of v, in pPb at High p;

Eur. Phys. J. C80, 73 (2020)
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= 2-particle correlation technique (nonflow contamination)
= Template fit method for nonflow subtraction
= Based on strong assumptions
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