Quenching effects in the jet spectrum at various cone sizes
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R,, of PbPb @ 5.02 ATeV
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R, of PbPb @ 5.02 ATeV
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[Phys. Rev. C 101, 034911 (2020)]
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R, of PbPb @ 5.02 ATeV
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Adam Takacs EPS-HEP 2021




Introduction to the Framework
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Jet Quenching - Framework

QCD with medium bkg:
* Colored background Ay (t, x)
« Elastic scatterings W
e Multiple scatterings

Partial Fourier space (p*, p, p) — (p*, x, t)

« Effective propagator:
GE@*Pep?) Gg,s7 (b, %5, ti, Xi|p™)

] > FEE

» Effective vertices:

<_> ggggﬁi
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uenching - Framework

1. Internal lines: which correspond to propagators between time ¢, and ¢ read:
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Jet Quenching - Framework

Transverse broadening:
‘ . 2

Gaussian broadening: N.no(r) = §r?/2

B[S as 27 1 <Tr i J,] as [o‘lo(r)—o‘lf{(f”)]>

J

|
t
~ exp l—ch dsn(s)o(r —17)
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Jet Quenching - Framework

Medium induced emission (in addition to vacuum): [lmplementation: Caucal-Soyez-lancu,
Kutak-Placzek-Rohrmoser-Tywoniuk]
2

dpP

= dzdk z:"’/2 f(k) '—<

+ color decoherence: V45 <K 9
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Jet Quenching - Framework

Medium induced emission (in addition to vacuum): [lmplementation: Caucal-Soyez-lancu,
Kutak-Placzek-Rohrmoser-Tywoniuk]
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+ color decoherence: V45 <K 9
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Introduction to jet quenching - Framework

Improved opacity expansion:

o(r) =oyp + do E E E

!

hard scattering

~

-
T e T
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[arXiv:2106.07402 , Full: JHEP07114 (2020)]

Adam Takacs EPS-HEP 2021



Application: Quenched jet spectrum

[arXiv:2101.01742, 2103.14676]
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The quenched spectrum: the quenching weight

The quenched spectrum (probability P of loosing € energy)

(0]
dO.UaC vac

do.med
(pr +¢) = dp,

ne
de P(e)e pr
o (pr) | deP(e)e pr

(0r) = Oj de P () -

dO.UaC

dpr

-n
(or) ~ pr [Dasgupta, Dreyer, Salam, Soyez]

Adam Takacs EPS-HEP 2021



The quenched spectrum: the quenching weight

The quenched spectrum (probability P of loosing € energy)

do.med b dg?ec dg?ec b _ne
( )Ejdé‘fp(é‘) (pr+e¢) = ( )Jde?(e)e pT
dpr P J dpr P dpr P ;
dO_UaC Y
dpy (or) ~ pr [Dasgupta, Dreyer, Salam, Soyez]
The R,, is the quenching weight
dO'med 0o
dp (pT) _ne
Rmed(pr) = r dovac ~ | deP(e)e PT = Qpmea(pr)
de (pT) 0
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The quenched spectrum: the quenching weight

The quenched spectrum (probability P of loosing € energy)

do.med b dg?ec vac b _ne
( )Ejdé‘fp(é‘) (pr+e¢) = (pr) | deP(e)e pr
dpy Pt ) dpy Pt dpy pr
dO_UaC Y
dpy (or) ~ pr [Dasgupta, Dreyer, Salam, Soyez]
The R,, is the quenching weight
dO'med 0o
dp (pT) _ne
Rmed(pr) = r dovac ~ J de P(e)e PT = Qpea(Pr)
de (pT) 0

What is P(&)?

[Bayesian: Phys. Rev. Lett. 122 (2019)
ML: JHEP 2021, 206 (2021)]
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The quenched spectrum: energy loss probability

Single parton, single medium induced emission

dl
5D>(0) (e) = d_:

B
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The quenched spectrum: energy loss probability
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| Go=0.08 GeV3, L =4 fm, u=0.45 GeV |
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BDMPS-Z + GLV + Matching
[Nucl.Phys.B484 (1997) 265]
[JETP Lett.63 (1996) 952]
[Nucl.Phys.B5942001).371]
[JHEP10 (2020) 176]



The quenched spectrum: energy loss probability

Single parton, single medium induced emission

dl
5D>(0) (e) = d_:

Single parton, multiple induced emission [JHEP09 (2001) 033]

il
N
((»@—Z h_“ w’j‘i] < Zw]>€_ldwid_&v @6@

Q(O)(pT) = exp [—j dw (1 — e_%) %‘
0
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The quenched spectrum: energy loss probability
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The quenched spectrum: energy loss probability

Single parton, single medium induced emission

dl
7)>(0) (e) = d_:

Single parton, multiple induced emission [JHEP09 (2001) 033]

il
Y
R L

Jj=1

0 (pr) = exp [—j do (1 - e_%) %‘
0

Multi parton (jet), multiple induced emission [PhysRev.D98 (2018) 051501]
P o) ~ &7 or)Cr, B
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The quenched spectrum: energy loss probability

Go = 0.08 GeV3, L =4 fm, pp = 0.45 GeV 10
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Comparison to data

To include more effects:
 PDF and nPDF effects, quark/gluon ratio
* Medium resolution and color coherence effects
* Broadening of the induced gluons in/out of the cone
* Thermalizing soft gluons
 Energy loss from elastic scattering
 (Geometry and time dependence

e Fluctuations
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Experimental Success: Ry, of PbPb @ 5.02 ATeV
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Precision!

Good idea!
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Experimental Success: Ry, of PbPb @ 5.02 ATeV
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Summary:

e Medium = color background, multiple elastic scatterings
 Effective Feynman rules, soft scatterings
e Hard scattering corrections
e Theory applied to observables
Outlook:
e Substructure observables

e Improved medium-cascade

Thank you for your attention!
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Introduction: What is the jet R, .7

* Definition:
do.med
dp; (pr)
Raa(pr) = dgvac
dp; (pr)
e R,,: Compares jets in vacuum to jets in [J Brewer ct. al. Phys.Rev.Lett. 122, 222301 (2019)]

medium at the same p.

: : : 0.5F e 74 i
* Jet with p; in medium loose energy and ; djet T M
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L
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e Complication 1: O

Ratio Procedure
JEWEL 2.1.0

R, doesn’t compare the “same” jets! - YW, R
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 The spectrum is steeply falling n > 1.
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e Complication 2:
Ry is sensitive to n (bias on energy loss)!
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Quenching weight
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