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Some ancient history...

Dijet Balance Missing pr

in-Cone /=,
Phys. Rev. Lett. 105 (2010) 252303. f out-of-cone

4 T
o _ - o 1 T 7T L ca B | T T T T T I T I T | 1T T I L I T 17T I L I 1T |_
;VSNN—2-76 TeV 0-10% | CMS 0-30% 1 In-Cone Out-of-Cone ]
- Lo ATLAS | 40F  Pb+Pb V5, =2.76 TeV : I AR<0.8 AR>0.8 ]
5 D F’b+|::’b1 - 5 I IL dt=6.7 ub” : i T ==
[ — 1] < 20 . [ N T =
Z ' + Ling=1.7 ub™ = i ‘ ; B ES
—~. 2} - 0] =
2® m ++ A
=~ [ = |-
~— - S -
[ PRC 84, 024906 2011 1
0 E | O R I | | = O B ] 1 = [ P} I I | | S [ - | | =1 I e | | Ky [ B | | S el S | | = P e | | [y [ o | K | Bl B S ¢ I | IS (N [ | l | = [ = | l | = Y S | I | S = = | i
0 62 04 06 08 1 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4

A, lbalanced jets/ A, \ A, A,
lunbalanced jets

« 2010: Direct observation of parton energy loss
* The mantra:

* The energy lost by fast partons is balanced by soft particles at large angles...
* The challenge:

* How to turn the observation into knowledge about the inner workings of the QGP?
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Jet production vs jet radius

Small R Large R
Collimated Jets Collimated, or diffuse Jets

* Naively: increase jet radius to capture the "lost” energy
* In detail: Study of different jet R is a study of different types of jets

Do different types of jets quench differently?
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Jet Reconstruction and Background Subtraction

Reconstruct jets from particle-flow candidates with anti-k; algorithm using R = 0.2, 0.3, 0.4, 0.6, 0.8, 1.0

Use constituent subtraction with flow-modulated p to account for underlying event fluctuations from elliptic
and triangular flow (v, and v3)
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Theory Predictions: Jet R4

& ATLAS i i, i<z R=02 1 CMS ¥ R=o03 ] V R=04 |
“E antik, R=0.4 jets, {5,,=5.02 TeV : L T R ]
d:

0.8

e

E - -@‘ ] — ] g ]
E 0.4 T - T "‘=,/=—:_‘:'\ ]
= [ []SCET w/o coll. E-loss T T JRm—

- = HYBRID w/ wake + [ JMARTINI 1 Coherent antenna BDMPS
3 0.2r — HYBRID w/o wake T 1JEWEL [JLiand Vitev |~ — LBT w/ showers only ]
gggk gf;g 0-1 0%’ [yl » 2-1_5 I:E O : HYBI:?ID W:/ po:s w:ak? e T |:|:JEWEI? w/o :rect?illz:ll::a(::to:rilzation T : LBT w/ meld rlesplonse: ; ]
G 974 - - 1 1 |
S— SCETG NLO 2015 pp data, 25 pb' | ¥ r=06 ] S R=08 | < R=10 ]
——— EQ2767Tev 2015 Pb+Pb data, 0.49 nb™ 3 S , o e~ B — ]
0 : ' : ) ' e L T D:I:‘:':lq__r__, 1 == ]
100 200 300 500 900 0.8 D i o S I —= T = ]

Prcey T g = —RR |
' | P ——— ]
-
T —_/_\

Theories follow general Ry, trend forR=04 04 ="+ = —+— 1 ]
. . - . 0.2F IZ?\ZIUEN + 1 ]

They y|e|d Very d|f‘feren‘t pred|Ct|onS Wlth 0: . PYQLIJEN \I/v/vvlidelrad 1 -I-CCNU coupledjetflwdw/o hydro T -I-CCNU coupledjetflwdw/hydro ]

|ncreaS|ng pT and R -> ‘IO 200 1000 200 pft (Gev)1000 200 1000

I|Ii|- Christof Roland 5 ICHEP 22 CM%


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2017-10/
https://arxiv.org/abs/1811.07905
http://inspirehep.net/record/1725162
https://arxiv.org/pdf/1509.07257.pdf
https://arxiv.org/abs/hep-ph/0506189
https://arxiv.org/abs/hep-ph/0004176
https://arxiv.org/abs/hep-ph/0312204
https://arxiv.org/pdf/0909.2037.pdf
https://arxiv.org/abs/1707.01539
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.122.252301
https://arxiv.org/pdf/1907.12301.pdf
https://arxiv.org/pdf/1609.05842.pdf
https://arxiv.org/abs/1707.07361
https://arxiv.org/pdf/1809.02525.pdf
https://arxiv.org/pdf/1603.01920.pdf
https://link.springer.com/article/10.1007/JHEP05(2021)284

Theory Predictions: Jet R , /R4
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Effects as R increases:
* Energy more spread out
* Jet splitting emerging

* GGluon radiation and medium
response recovered

* Quark vs. gluon contributions
change
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Results: Spectra
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Results: Jet R4
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Results: Jet R, /R%70-2
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Theory Comparison: Event Generators
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Theory Comparison: Monte Carlo
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Theory Comparison: Calculations
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Factorization:

Factorization of jet cross sections
Jet func. extracted from small R
Underestimates R dependence

SCETg w/o coll. energy loss:

SCETg models interaction of
hard partons with soft gluons

Decent agreement with data

Li and Vitev:

Use SCETg framework

Coll. energy loss & CNM
Decent agreement with data

12

Factorization: Phys. Lett. 122
(2019) 252301

SCET; w/o coll. E-loss:
JHEPOS (2016) 023

Li and Vitev: JHEP 1907
(2019) 148
& Phys. Lett. B 795 (2019)
502-510
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Conclusions

* Measured nuclear modification factor R, 4 for jets with R = 0.2, 0.3, 0.4,
0.6, 0.8, 1.0 based on pp and PbPb collisions at \/syy = 5.02 TeV

« Strong suppression of high p; jets for all R
* Weak dependence of suppression on jet R in central events
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Analysis Strategy

1. Reconstruct jets from particle-flow candidates with anti-k; algorithm using
R=0.2,0.3,04,0.6,0.8,1.0

2. Subtract underlying event using constituent subtraction and flow modulation

@ underlying event * signal " ghost w/ modulated density
(to be subtracted)

3. Apply jet energy correction
4. Unfold raw data with d’Agostini’s algorithm to account for detector effects
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Background Subtraction

Use constituent subtraction with flow-modulated p to account for
underlying event fluctuations from elliptic and triangular flow (v, and v3):

p(m @) = p(mM*x(1 + 2v, C05(2[¢ — CDEP,Z]) + 2v; C05(3[¢ - C131319,3]))

- CMS VS = 502 TeV, PbPb 2015
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Response Matrices
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Jet Scale and Resolution

« Flow modulation reduces jet energy CMS Simulation sy =5.02TeV
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