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OUTLINE

* the structure of QCD jets
* the evolving story of an observable
* inevitability of jet substructure

* R-dependent jet spectrum in PoPb collisions
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JET PHYSICS IN VACUUM



VACUUM SPLITTING

Z Generic 12 (on-shell) splitting in QCD:
; S d6 c S
_< dllg—pe = . Pb(a)(z)dz ~ 20:Cn A0 2
]-7 T 0 T 0 =z

Diverges for soft & collinear radiation!
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VACUUM SPLITTING

Generic 122 (on-shell) splitting in QCD:

: 200, Cr df dz
dll;—pe = - 0 Pb(a)<2)d2% - & 0 -

Diverges for soft & collinear radiation!

/ Large phase space for radiation compensates «,/!
OéSCR 2 pTR

—1 Prob = log

/

Need for resummation of collinear logarithms tor
final-state radiation.
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VACUUM SPLITTING

Observed as “jets”: collimated sprays of particles/energy.
Sterman, Weinberg (1977)
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SPACE-TIME PICTURE OF A JET

Andersson, Gustafson, Lonnblad, Pettersson Z.Phys.C (1989)
Andersson, Gustafson, Samuelsson NPB (1996)

log k, [GeV]
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® semi-classical picture, angular ordering
® | und diagram (primary emission plane)

- secondary branchings located on
independent “leaves”

® accessed in experimental data using
jet reconstruction (C/A algorithm)

log 1/6

S
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SPACE-TIME PICTURE OF A JET

Andersson, Gustafson, Lonnblad, Pettersson Z.Phys.C (1989)
Andersson, Gustafson, Samuelsson NPB (1996)

tf1 o
hadronization

tf73 from #; ~ (QyR)™! ~ 2fm
to t; ~ E/QF ~ 300 fm

tf.2

log k, [GeV]

® semi-classical picture, angular ordering
® | und diagram (primary emission plane)

- secondary branchings located on
independent “leaves”

® accessed in experimental data using
jet reconstruction (C/A algorithm)
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A.Takacs (JT 29)

6 ordered with p, and m? cut ty ordered with p;, m* and R cut

103 m* or('iere(.i Wlth PL and R CUt_ . Pl ordered with m? and R cut , .
Mo = 100° GeV] W T T e 0 mZ 100 Gev]  OF Mz = 1002 GeV]
' Pimin = 1 GeV Pimin = 1 GeV
! R =
o R
102} - 102; h
e < < = |
S S, S S,
o ~ ~
= E Q—'l 10} m&l Qj 101E
10— . —;— 100k~ : _
100 101 -.i(i)u N N —— ...l(l)l
1/6 1/6 1/6 1/6
mass/virtuality transverse momentum angle formation time

Freedom to choose ordering variable at leading logarithmic approximation.

Color coherence dictates angular ordering.
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LOGARITHMIC RESUMMATION et o Vi Py e 100185

Dokshitzer, Khoze, Mueller, Troyan “Basics of Perturbative QCD" (1991)

Multi-gluon emissions: resummation of leading logarithmic
contributions and Monte Carlo development.

R-dependent corrections to the inclusive-jet spectrum ——
1.1

1
09

08
0.7

06

05
04

Example: small-R resummation in t = log 1/R:

L 42 «.

%fjet/i(zvt) :/o - P;i(2) fjet/; (Z t)

R
Z/

otta /Lo

03 I solid: Ry=1.0
0.2 |- dashed:Ryg=1.5

volution from hard scale to jet scale via DGLAP.

01 Fpp. 7 TeV, lyl<0.5, CT10

0 Dasgupta, Dreyer, Salam, Soyez [411.5182, 1602.01110

Kang, Ringer,Vitev 1606.06732

p; [GeV]
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JET PHYSICS IN MEDIUM



ENERGY-LOSS BASICS

dN 4 pp
dpr

Pt

Workhorse of the field: measuring & parameterizing the shitt of
spectrum to access information about medium interactions.
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dN ¢ PP

ENERGY-LOSS BASICS

dpr

K. Tywoniuk (UiB)

Pt

Workhorse of the field: measuring & parameterizing the shitt of
spectrum to access information about medium interactions.



ENERGY-LOSS BASICS
6 27.4 plb'1l(5l.(l)2 TeV pp) + 404 ub™ (5.02 TeV PbPb)
AN 5P 1_45 CMS charged hadrons

CMS 5.02 TeV ¢ ALICE 2.76 TeV i

dp 1 12~ O CMS2.76 TeV vV  ATLAS 2.76 TeV
1: Taa @and lumi. uncertainty
5]? - i< * + -
CE:E 0.8 :_ o:
»’

Olll 1 IIIIIII| 1 IIIIIII|

P 1 10 10°
! p. (GeV)

Workhorse of the field: measuring & parameterizing the shitt of
spectrum to access information about medium interactions.
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RAA

ENERGY-LOSS BASICS

ATLAS

' antik, R=0.4jets

0 - 10%, |Syy = 5.02 TeV

e
1
[ ] I:. |

0.5[
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30 - 40%, /Sy, = 5.02 TeV

- HiE (T, ,» and luminosity uncer.

0 - 10%, s = 2.76 TeV [PRL 114 (2015) 072302]

130 - 40%, |sy = 2.76 TeV [PRL 114 (2015) 072302] Il“ ]

y| < 2.1

==

60 100 200 300

900
p. [GeV]

500

I:{AA

1.6

1.4

1.2

27.4 pb' (5.02 TeV pp) + 404 ub™ (5.02 TeV

- CMS

t"illlllllllllllllllllll

o charged hadrons

CMS 5.02 TeV ¢ ALICE 2.76 TeV

O CMS 2.76 TeV vV ATLAS 2.76 TeV

T, and lumi. uncertainty

S —
®
[ | |

PbPb)

10 10°
P, (GeV)

Workhorse of the field: measuring & parameterizing the shitt of

spectrum to access information about medium interactions.

Signiticant difference of hadron and jet suppression at high-p,!
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ENERGY-LOSS BASICS

— 27.4 pb” (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb)

ATLAS anti-k, R = 0.4 jets y| < 2.1 1.6 T
" [2]0-10%, sy =2.76 TeV [PRL 114 (2015) 072302] | cal CMS charged hadrons
L [E10-10%, (s =502Tev |h| S]CMS502TeV 0 ALICE 276 TeV
=130 -40%, s,y = 2.76 TeV [PRL 114 (2015) 072302]  OMS 276 TeV v ATLAS 2.76 TeV
130 - 40%, |[sy = 5.02 TeV
BEER (T, ,) and luminosity uncer.

RAA

1.2

S —
®
[ | |

& ] e -
3 = . * |
] ='='=‘I?l?lo _'_t’_ | ] E
05 """"" ; """ 1""“.""_“.'_;;'; ---------------------------------------------------- — :
40 60 100 200 300 500 900 0 e e
p, [GeV] (GeV)
T pT

o disclaimer: in my talk, | will focus on effects above the thermal scale - however, close
connection to bottom-up thermalization & hydrodynamization should be further investigated.

Tachibana (Tue 10:00), Chen (Tue 10:20); Kumar (VWed 09:40), He (VWed 10:00); Pablos (Wed 12:20)
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MEDIUM-INDUCED RADIATION

Baier, Dokshitzer; Mueller; Peigné, Schiff (1996); Zakharov (1996) (Arnold, Moore, Yaffe (2003))

d]ba g ZPba L2
= 5 2R dt dt
“Tdz (z(1 — 2) e/ 2/ !

8 - 0 {ICZ)CL('CB t27y7t1 ]CO('CB t27y7t1)}

x=y—=0
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MEDIUM-INDUCED RADIATION

Baier, Dokshitzer; Mueller; Peigné, Schiff (1996); Zakharov (1996) (Arnold, Moore, Yaffe (2003))

dlp, QL sza /tQ
— 2R dt dt
Tz (z(1 — 2) e/ ’ :

8 - 0 {Kba(m t27y7t1 ]CO('/L‘ t27y7t1)}

x=y—=0

3-body interactions of the medium via / doe
v(x,t) =
q

Schrodinger equation with potential:

Solved numerically in Caron-Huot, Gale 1006.2379, Feal,Vazquez 1811.01591, Ke, Xu and Bass 1810.08177,
Feal, Salgado,Vazquez 191 1.01309
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MEDIUM-INDUCED RADIATION

Baier, Dokshitzer; Mueller; Peigné, Schiff (1996); Zakharov (1996) (Arnold, Moore, Yaffe (2003))

drl,, o sza / /tQ
— - 2R dt dt
Tz (z(1 — 2) - ’ :

8 - 0 {Kba(m t27y7t1 ]CO('/L‘ t27y7t1)}

xr=y=0

3-body interactions of the medium via o(@.1) = / doe
Schrédinger equation with potential: R

Solved numerically in Caron-Huot, Gale 1006.2379, Feal,Vazquez 1811.01591, Ke, Xu and Bass 1810.08177,
Feal, Salgado,Vazquez 191 1.01309

K(ta, t1) = Ko(to — t1) /dt Ko(ta —t) v(t) K(t, t1) opacity expansion

Wiedemann (2000); Gyulassy, Levai,Vitev (2001); Sievert, Vitev,Yoon 1903.0617/0
Wang, Gu (2001), Majumder 0912.2987
Mehtar-Tani 1903.00506, Mehtar-Tani KT 1910.02032
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MEDIUM-INDUCED RADIATION

Baier, Dokshitzer; Mueller; Peigné, Schiff (1996); Zakharov (1996) (Arnold, Moore, Yaffe (2003))

drl,, o sza / /tQ
— - 2R dt dt
Tz (z(1 — 2) - ’ :

8 - 0 {Kba(m t27y7t1 ICO('/I" t27y7t1)}

r=1y=0

3-body interactions of the medium via / doel
v(x,t) =
q

Schrodinger equation with potential:

Solved numerically in Caron-Huot, Gale 1006.2379, Feal,Vazquez 1811.01591, Ke, Xu and Bass 1810.08177,
Feal, Salgado,Vazquez 191 1.01309

K(ta, t1) = Ko(to — t1) /dt Ko(ta —t) v(t) K(t, t1) opacity expansion

Wiedemann (2000); Gyulassy, Leval, Vitev (2001); Sievert,Vitey, Yoon 1903.06 170
Wang, Gu (2001), Majumder 0912.2987
Igbal (Wed 15:40) Mehtar-Tani 1903.00506, Mehtar-Tani KT 1910.02032

Djordjevic (VWed 10:20)

Hauksson (Tue 15:20) Unified understanding of in-medium radiative processes!
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REG I I I ES Mehtar-Tani, Tywoniuk [910.02032

Mehtar-Tani (VWed 10:20)

Momentum broadening (k?) ~ gt leads to modified

BH LPM N=1

bremsstrahlung spectrum — no collinear divergence!

d/ OéSCR L OzSCR C_?LQ

W — =
dw T i T W

<))

ny/

Bethe-Heitler regime (t;
LPM regime (4 < ¢ < L)

N=1regime (L < t; ~ E/u?)
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REG I I I ES Mehtar-Tani, Tywoniuk [910.02032

Mehtar-Tani (VWed 10:20)

Momentum broadening (k?) ~ gt leads to modified

BH LPM N=1

bremsstrahlung spectrum — no collinear divergence!

d/ OzSCR L CMSCR C_?LQ

W — =
dw T i T W

Bethe-Heitler regime (t < A)
LPM regime (4 < t; < L)

N=1regime (L < t; ~ E/,uz)

Q/12<< azgL* < @'Lz Soft scale: copious, large angle gluons
ge angle g

leading to energy loss & thermalization.
Blaizot, Dominguez, lancu, Mehtar-Tani 1301.6102
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QUENCHING OF PARTONIC HARD SPECTRUM

Baier, Dokshitzer; Mueller; Schiff (2001); Salgado, Wiedemann (2003)

Probability of radiating energy € out of the cone dl~

I

Ple) ~ 8(e) |1 - /OOO dw 5>

(1 gluon emission)

K. Tywoniuk (UiB) 12
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QUENCHING OF PARTONIC HARD SPECTRUM

Baier, Dokshitzer; Mueller; Schiff (2001); Salgado, Wiedemann (2003)

'y —_— - o0 d]' i d]
Probability of radiating energy € out of the cone Pe) ~ 5(e) |1 — / Rl
(1 gluon emission) I 0 dw de
d me > d vac d vac - €~
Imed :/ de P(¢) U, ~ O / deP(e)e ~pr
de 0 de pl.=pr+e de 0

Q(pr)
quenching factor
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QUENCHING OF PARTONIC HARD SPECTRUM

Baier, Dokshitzer; Mueller; Schiff (2001); Salgado, Wiedemann (2003)

"y . . ™ o d[ i d]'
Probability of radiating energy € out of the cone Ple) ~ 5(e) [1 / dow &> | 4 4>
(1 gluon emission) i 0 dw de
d me > d vac d vac > € —
Imed :/ de P(¢) O, ~ O / deP(e)e ~pr
de O de p{r =DT —+€ de 0
. Q(pr)
= I quenching factor

P
-
-
N
-,
///’

e full P(e) resums multiple soft gluon

QQ(paR)

emission via rate equation

e generalizes for N partons Q — Q"
(incoherent case)

p [GeV]

K. Tywoniuk (UiB) 12



\\< \\_
1 emitter (coherent) n emitters (partially incoherent)
factorisation factorisation breaking

new element: importance of jet substructure fluctuations!

also seen in MC studies: Milhano, Zapp 1512.08107; Casalderrey-Solana, Milhano, Pablos, Rajagopal 1808.07/386

Ringer (Wed 09:40)

K. Tywoniuk (UiB) 13



VACUUM RADIATION IN MEDIUM

Vacuum radiation at short timescales was considered first in the context of antenna radiation.

Mehtar-Tani, Salgado, KT PRL (2010), PLB (2012), JHEP (20132; Casalderrey, lancu JHEP (2011)
Dominguez, Milhano, Salgado, KT, Vila 1907.03653
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VACUUM RADIATION IN MEDIUM

Vacuum radiation at short timescales was considered first in the context of antenna radiation.

Mehtar-Tani, Salgado, KT PRL (2010), PLB (2012), JHEP (20132; Casalderrey, lancu JHEP (2011)
Dominguez, Milhano, Salgado, KT, Vila 1907.03653

First step: calculation of decoherence and energy loss of an initially color correlated pair

Mentar-Tani, KT 1706.0604 7
S

td - (QH%Z)_I/B

) o \/@L3
0 tf td
Q2(pr) = Q (p1) X Qsing (P1)
/ Ny
energy loss of total delayed energy loss from
color charge resolved partons

K. Tywoniuk (UiB) 14




log k,

PHASE SPACE ANALYSIS N

Vo

qa
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Caucal, lancu, Mueller, Soyez 1801.09703

Red area: vacuum emissions (w/ k* > 1/gw and
0 > 0. that are not resolved by the medium.

At border: all inside emissions get quenchea

15
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PHASE SPACE ANALYSIS N

Caucal, lancu, Mueller, Soyez 1801.09703

log k
5% Red area: vacuum emissions (w/ k* > 1/gw and

0 > 0. that are not resolved by the medium.

At border: all inside emissions get quenchea

How many modes are emitted inside?

/ d@/ dZ— @in

CVSCR P R
~ — + -
2 log 7y (Iog o 3Iog (9)

R O log 1/6 Potentially large and needs to be resummed.
C
No coherence leads to stronger ~ log” p; dependence!

K. Tywoniuk (UiB) 15



P H AS E S PAC E A NALYS I S Y. Mehtar-Tani, KT 1706.06047, 1707.07361

Caucal, lancu, Mueller, Soyez 1801.09703

log k
5% Red area: vacuum emissions (w/ k* > 1/gw and

0 > 0. that are not resolved by the medium.

At border: all inside emissions get quenchea

How many modes are emitted inside?

/ d@/ dZ— @in

OéSCR P R
~ — + -
2 log 7y (Iog o 3Iog (9)

R O log 1/6 Potentially large and needs to be resummed.
C
No coherence leads to stronger ~ log” p; dependence!

SUCRMECREZVE  Non-trivial correlation between jet energy loss and substructure!

K. Tywoniuk (UiB) 15




EFFECTIVE THEORY OF JET QUENCHING

Mehtar-Tani, KT in preparation

A probabilistic picture can be established due to the separation of jet and medium scales.

logk, |

R log1/6
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EFFECTIVE THEORY OF JET QUENCHING

Mehtar-Tani, KT in preparation

A probabilistic picture can be established due to the separation of jet and medium scales.

Qutside of the medium, we have AO vacuum (vetoed shower):

logk, | .
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R log1/6
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EFFECTIVE THEORY OF JET QUENCHING

Mehtar-Tani, KT in preparation

A probabilistic picture can be established due to the separation of jet and medium scales.

logk, |

Qutside of the medium, we have AO vacuum (vetoed shower):

Zout (pa R) — U(p) + / dH (1 T @in) [Zout(zpa H)Zout((l o Z)p, 6)) o Zout (pa 9)}

Vacuum-like (vetoed) AO showe
I_R

&

nside the medium

Z(p,R) = Q(pr)Zout(p, 1) + dII©;, Z(zp,0)Z((1' 2)p,0)! Z(p,0)

R

K. Tywoniuk (UiB)

log1/6
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EFFECTIVE THEORY OF JET QUENCHING

Mehtar-Tani, KT in preparation

A probabilistic picture can be established due to the separation of jet and medium scales.

logk, |

Qutside of the medium, we have AO vacuum (vetoed shower):

Vacuum-like (vetoed) AO shower |

Zout (pa R) — U(p) + / dH (1 T @in) [Zout(zpa H)Zout((l o Z)p, 6)) o Zout (pa 9)}

nside the medium

R

N

K. Tywoniuk (UiB)

16

Z(p,R) = Q(pr)Zout(p, 1) + dII©;, Z(zp,0)Z((1' 2)p,0)! Z(p,0)

out-shower restarted from max angle (AAQO)



EFFECTIVE THEORY OF JET QUENCHING

Mehtar-Tani, KT in preparation

A probabilistic picture can be established due to the separation of jet and medium scales.

ook | Qutside of the medium, we have AO vacuum (vetoed shower):
02 K
R
Lout (p, R) — U(p) + / dll (1 — @in) [Zout(zpa H)Zout((l — Z)pa 6)) — ZLout (pa 9)}
Vacuum-like (vetoed) AO shower inside the medium
M out(p, 1)+ dIIOw Z(2p,0)Z((1! 2)p,0)! Z(p,0)
out-shower restarted from max angle (AAQO)
R log 1/6 accounts for quenching through rterative use of GF

K. Tywoniuk (UiB)
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RESUMMED QUENCHING WEIGHT e T K 707 7

Mehtar-Tani, KT in preparation

Non-trivial normalization of the GF: Z(p,R; {u=1}) = O(p,R)'

Mismatch between real and virtual diagrams!
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RESUMMED QUENCHING WEIGHT e T K 707 7

Mehtar-Tani, KT in preparation

Non-trivial normalization of the GF: Z(p,R; {u=1}) = O(p,R)'

Mismatch between real and virtual diagrams!

Q(p, R) =(Qpr )+ / A" 0 [QEn Q1 - 2)p,1) — Qp.1)]

non-linear evolution of quenching

= E— * 1 S | = E— * 1
~, ~,
= &
o) i
p [GeV] p [GeV]

K. Tywoniuk (UiB) 17
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JET RADIUS DEPENDENCE

cone!

e out-of-co

by

18

DGLA

Mehtar-Tani, KT in preparation

* guenching is not restricted to the

* in-cone fragmentation: not
- measured but affects energy loss.

ne evolution: governed

P-like equation



THE MICROJET SPECTRUM IN MEDIUM 1 crimmonmon

R-dependence of the jet spectrumin ~ do’**(R) d%/ dz zPT=1 L ()

terms of a jet fragmentation function dpr = dPT

K. Tywoniuk (UiB) 19



THE MICROJET SPECTRUM IN MEDIUM 1 crimmonmon

R-dependence of the jet spectrumin ~ do’**(R) d%/ dz zPT=1 L ()

terms of a jet fragmentation function dpr = dPT

Qq(p7 l)fjet/q(zapa t) — Qq(pa R)5(1 _ Z)
b [ A0 P e (5:298) Q9. 01Qy (1= 2.8

- / AL Oin Py () frot o (215 ) Q4 (1, 6')

Medium modified DGLAP
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THE MICROJET SPECTRUM IN MEDIUM ehtar-Ta, KT i preparation

R-dependence of the jet spectrum in do’**(R do; s (s
® | ® um | ( ): de/dZZz(p) 1fJe/’L( t)
g

terms of a jet fragmentation function dpr o

Qq(pa ]—)fjet/q(zapa t) — Qq(pa R)5(1 _ Z)

/dH @m 1 Pyq(2") fiet/q (Z 2'p,t ) Qq(2'p,0")Q,((1—2")p,0")

CMS Preliminary {Syy = 5.02 TeV, PbPb 404 pb pp 274pb1
E v R=I0.2 E V R:(I).s T V R=0.4 / / /
2102 R e | [ AMOR P fa () Q0 0.6
0.8 —4 1 E B
06b - - T —oH |7 +—F—
OF == T = T e ] ) o
0.4F i ke _f Medium modified DGLAP
0 2:_ | B I - 1 C;)Q%rrtie;; %nr;[enna BDMPS _
< OE alntl-le’ 'ﬂ{etlf?l !Llumi []E;lhgﬁd Viltevl o EgCéTw<é C?"'.E..IO.SSI
T i Vr-oei  Troosi T R-10] e non-trivial evolution with jet cone size
0.8} — e 1 —— - reproduced in pp and AA!
0.6:— 1 -t |
. I = I — : ‘y .
0.4f - o i esensitive to the of recapturing of energy at
0.2 0-10% large angles and multi-parton quenching
0500 7000 200 1000 200 1000
Pl (GeV)
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OUTLOOK

* improved theoretical control of radiative mechanism ot energy loss

* hierarchy of jet vs medium scales established
- scaling ot energy loss with relevant phase space

- probabilistic interpretation

* incoherent energy loss breaks factorization

- resummed quenching weight
- medium modified DGLAP

* jet Raa spectra well described: promising for future substructure
studies
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OBSERVABLES FROM PRIMARY EMISSIONS

log k,

log 1/0
Soft Drop/mMDT

[Dasgupta, Fregoso, Marzani, Salam1307.0007;
Larkoski, Marzani, Soyez, Thaler 1402.2657]

® find first primary branch in the
(O/R)

® many observables: Zor M, and ngp

tree that satisfies z > z

cut
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OBSERVABLES FROM PRIMARY EMISSIONS

log k,

log 1/0
Soft Drop/mMDT

[Dasgupta, Fregoso, Marzani, Salam1307.0007;
Larkoski, Marzani, Soyez, Thaler 1402.2657]

® find first primary branch in the
tree that satisfies z > z.(0/R)”

® many observables: Zor M, and ngp

22

log 1/6

NEW! Dynamical grooming

[Mehtar-Tani, Soto-Ontoso, KT 1911.00375]

® find hardest branch in the tree,

k@ = max z,(1 — z,)(0/R)“
i€C/A

® carlier emissions interpreted as
radiation off total color charge.



OBSERVABLES FROM PRIMARY EMISSIONS

Zardoshti (Tue 09:20)

Havener (VWed 09:00)
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log 1/0
Soft Drop/mMDT

[Dasgupta, Fregoso, Marzani, Salam1307.0007;
Larkoski, Marzani, Soyez, Thaler 1402.2657]

® find first primary branch in the
tree that satisfies z > z.(0/R)”

® many observables: Zor M, and ngp

22

log 1/6

NEW! Dynamical grooming

[Mehtar-Tani, Soto-Ontoso, KT 1911.00375]

® find hardest branch in the tree,

k@ = max z,(1 — z,)(0/R)“
i€C/A

® carlier emissions interpreted as
radiation off total color charge.
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EMERGING PROBABILISTIC PICTURE

Ot tn ... L o
|| | |

tr < tg L < t;

»

hard, in-medium energy loss, “out” radiation,

vacuume-like radiation broadening, wake hadronization

[See also Caucal, lancu, Soyez, Mueller 1801.09703]
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TWO SEPARATED REGIMES |

see also Kurkela, Wiedemann [40/.0293

Fnergy loss for jets is driven by out-of-cone emissions.

=

w ~ o, = §L*
N ~ O(a,)

O ~ 0. = (gL)~1*

perturbative : rare, small-angle radiation

intra-jet structure modifications

_ 2572
w~w,=a;qL

N ~ 1
1
~—0

2 C
aS

O

I

non-perturbative : copious, large-angle
emissions

K. Tywoniuk (UiB)

out-of-cone energy-loss, thermalization
\—
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TWO SEPARATED REGIMES |

see also Kurkela, Wiedemann 140/.0293

=

w ~ o, = §L*
N ~ O(a,)

O ~ 0. = (gL)~1*

perturbative : rare, small-angle radiation

intra-jet structure modifications

J

K. Tywoniuk (UiB)

Fnergy loss for jets is driven by out-of-cone emissions.

\—

_ 2572
w~w,=a;qL

N ~ 1
1
~—0

2 C
aS

O

I

non-perturbative : copious, large-angle
emissions

out-of-cone energy-loss, thermalization

Gluons with o, ~ 5 GeV melt into the plasmal

Blaizot, Dominguez, lancu, Mehtar-Tani 1301.6102
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SUPPRESSION OF HARD SPECTRUM

Simplified example: consider a 1 — N process followed by energy loss.

ot _ 4 de, P(e). v (kiter kobe Py pew ke doy
dky...dky ! p{ !i et Ei} 1N (K€L - Ky TEN:P) (p "i i "i €i) ay
d N da CcXC
Leading-order effect: Zexel de P(e)e™"eP U.excl

systematically improvable...

Provides a framework for studying multi-parton energy-loss eftects for
inclusive observables |
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RECOMBINATION ALGORITHMS

Pairwise clustering of particles that minimize  dj = min( pg i p% i) Rﬁ IR 4

— —
L
v \4 v
! Rij ! Rij ! Rij
1) Cambridge/Aachen (CA) 2) k.t alglorlthm i) ah’tsl—lkt Slgcznthm
Dokshitzer, Leder, Moretti, Webber (1997)] [Catani, Dokshitzer, Seymour, Webber (1993); Ellis, Soper (1993)] [Cacciari, Salam, Soyez (2008)]
® anti-k; weighted metric (a = — 1)
® — , , . Co . L
only angular measure (a=0) ® | weighted metric (a = 1) e resilient to soft activity, ideal for identifying
® deal for substructure measurements ® sensitive to soft activity candidate jets

Jets are separated whenever beam distance is shortest dg = p%,
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