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Introduction

Jet quenching and jet energy loss

* Experimental results
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* Theory calculations often consider — QQ0Qg, Soft gluon emissions
dz
Q Energy loss Zloss = 1 — 21
~ R
* Can we directly measure the (average) parton/jet energy loss!?
- . 1
* Need a well defined probability density p(z)
(2) = | dzzp(z)
* This talk — vacuum energy loss .
— _
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Leading jet, not inclusive jets
Energy not contained in the leading jetis lost  2]5ss = 1 — 21

Q = pr

Reference scale to define lost energy

Jet substructure or 7y / Z-tagged jets O

<1
|dentify at LL: parton — jet energy loss

Similar to Bjorken xg in DIS. As close to parton energy loss as allowed by QCD
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Leading jets
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Leading jets
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* DGLAP evolution equation uiJi _ & Z P ® J;

e Factorization dOpp—>jet+X
dndpr /P i/p J

21= pTl/ﬁT

> Successful phenomenology, see e.g.

pT CMS, 2005.05 159
ALICE, PRC 101 (2020) 03491 |
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Leading jets

Dasgupta, Dreyer, Salam, Soyez "4
Scott, Waalewijn " 19
Neill, Ringer, Sato - in preparation

* NLO

Leading jet function J; (2, prR, ) = O(z > 1/2) J; (2, prR, 1)

Vi o

Now pick only the leading parton if clustered into separate jets
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Leading jets
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Scott, Waalewijn " 19
Neill, Ringer, Sato - in preparation

* NLO  Ji(z,prR,p) = O(z > 1/2) Ji (2, pr R, 1)

* Non-linear evolution equation

d , . )
'ud u7z Z , DT R, ,u Z/dz dZ]de ) z—>]k( ) \7] (ZjapTRa /L) jk (ZkapTRa :u)

x 6(z —max {z'zj, (1 — 2) 21 })

Need to know about both branches
to determine the leading jet 7, 7}
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Leading jets

Dasgupta, Dreyer, Salam, Soyez "4
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* NLO  Ji(z,prR,p) = O(z > 1/2) Ji (2, pr R, 1)

* Non-linear evolution equation

d A .
'ud Ji(z, pr R, 1) Z/dz dZ]dez ) z—>]k:( ,) \7] (ZjapTRa /L) Tk (ZkapTRa :u)

x 6(z —max {z'zj, (1 — 2) 21 })

e LL factorization

1,0

et +X A A
P%;;I 1t _Z‘/de2 de] /dzz dZ] H( )(pTuijnu)

X \71 (ZwﬁTzRa :u) k7] (ZjvﬁTjRa M)

X 5(pT1 — maX{ZiﬁTia ZjﬁTj})

/Measurement at the end

Jj (25)



Leading jets

Inclusive vs. leading jets

Neill, Ringer, Sato - in preparation

* Jet function - number densities

1
/ dz Ji(z, prR, 1t) = (Niets)
0

* Momentum conservation

1
/ dzz Ji(z,prR,pn) =1
0

e.g.
— Z1 + %22 + 23
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Leading jets

Inclusive vs. leading jets

Neill, Ringer, Sato - in preparation

* Jet function - number densities * Jet function - probability densities ,OZ(Z)
1 1
/ Az Ji(2, PR, 1) = (Niets) / dz Ji(z, prR. 1) = 1
0 0
* Momentum conservation * Average parton energy loss
] (o h
/ dz z Ji(z,prR,pn) =1 / dz z Ji(z, pr R, 1) = (2;)
’ LO y
— Z1 + %22 + 23
<3
Z21 <1
A “2 pr
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Leading jet functions and energy loss
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* Leading jet function

quark
- Q=100 GeV

/ Inclusive

Jq; jq(z)

O . o I :,—I*' V‘, , | , , ) | , , , | ) ) . 1
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z
Leading

NLO + radius + threshold resummation at NLL'
see also Dai, Kim, Leibovich “ 17



Leading jets

Leading jet functions and energy loss
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1
* Leading jet function * Average energy loss / dz 2z Ji(z,pr R, ) = (z;)
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Jet energy loss

Leading jets

Neill, Ringer, Sato - in preparation

1o®

O pp—jet, +X A A N (bs. P
pzzipill :Z/dpﬂ dej /dzi de ng)(pTi,ij,,u)
ij

A A Ji (2i)
x Ji (zi, priR, ) Jj (25, pri R, 1)

X 0(pr1 — max{z;pri, 2;P1; })

Well defined object which has lost energy

Reference scale to define lost energy

|dentify at LL: parton — jet energy loss

20



Jet energy loss

Leading subjets

Neill, Ringer, Sato - in preparation

* Initial /? sized jet sets the reference scale () = p‘]ﬁt pfsl}’lbj
* Measure small 7" reclustered leading subjets z; = pzllb*]/ et
e LL factorization jet
Pr
o " -
e = LMW T B
naz p ) pg;t — 100 GeV /s =5.02 TeV
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Leading subjets

21



Jet energy loss

v/ Z-tagged leading jets

. 7/Z provides reference scale Q = p%
. ) . . Y
Measure leading jet 21 = pT1/pT

* LL factorization

(0)
dapp—>7+jet+X

dpJ. dn¥ dz

* Average energy loss

1
/ dzq z1
0
‘Eq (21,4) + f4 <Z1,QD ( (

(0)
1 dapp—>’7+j1+X

<Zl> le

Otot
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- ZHZ@ (o3, n) Ji(z1, pp R, 1)

Neill, Ringer, Sato - in preparation

Q = pr

pr > 200 GeV, R = 0.3, /s = 5.02 TeV
Pythia

Leading
Inclusive
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<

Energy loss is the difference between
the leading and inclusive spectrum
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Conclusions T
S .
* Direct measurement of energy loss % o5 et e -k
o _
Well defined object which has lost energy — Leading jet, ,O(Z) ool '11;@}%)' |

Reference scale to define lost energy — Jet substructure or ”y/Z-tagged jets

|dentify at LL: parton — jet energy loss
Laser beam 100%

* Heavy-ion collisions Reflected beam

* Quantify jet-medium interaction in AA Absorbed and \‘\‘ /
scattered bea
* How opaque is the QGP!? “~ ?/
paqg Q ad s

Transmitted beam e.g. 40%
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