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Jets in hadronic collisions

@ Increasing complexity: ete™ — pp, ep — pA, eA — AA

@ Jets in the vacuum (e*e™, pp): well understood, nearly from first principles
e parton showers computed within perturbative QCD
@ A benchmark for understanding medium (nuclear) effects in pA, eA and AA

e heavy ions: A = Pb, Au, Xe ... but also lighter ones, like Ca, O, He
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Jet quenching

@ Hard partons are typically created in pairs which propagate back—to—back in
the transverse plane

@ In the “"vacuum” (pp collisions), this leads to a pair of symmetric jets

@ AA collisions: jet propagation and fragmentation can be modified by the
surrounding medium (quark-gluon plasma): jet quenching
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LHC: Di-jets in p+p collisions
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Date: 2010-10-25 03:27:26 CEST —_—
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Jets in peripheral Pb+Pb collisions

Run 168875, Event 1577540 ’
Time 2010-11-10 01:27:38 CET \\

EXPERIMENT

@ Jets in peripheral AA collisions look very much like in pp collisions
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“Mono-jets” in Pb+Pb collisions

@ Central Pb+Pb: ‘mono—jet’ events

@ The secondary jet can barely be distinguished from the
background: Ep; > 100 GeV, Epe > 25 GeV
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Di—jet asymmetry at the LHC

- — CMS,/ | CMs Experiment at LHC, CERN
- ‘ ~—— Data recorded: Sun Nov 14 19:31:39 2010 CEST
[ Run/Event: 151076 / 1328520

i Lumi section: 249

Leading jet - T -
pr:205.1 GeVic T

Subleading jet f
pr:70.0 GeVic /

@ Huge difference between the energies of the two jets
@ The missing energy is found in the underlying event:
e many soft (p; < 2 GeV) hadrons propagating at large angles

@ Very different from the usual jet fragmentation pattern in the vacuum
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Nuclear modification factor for jets

@ Jet yield in Pb+Pb normalized by p+p times the # N1 of binary collisions

e would be 1 if Pb+Pb = incoherent superposition of p+p

& [ATLAS " anti-k, R =0.4 jets, {5 = 5.02 TeV
TS Sk 0 (=S 02Te I}
d* Njet s
R . dprdy AA Bk + ‘ H:#
AA = d2 Nt E e F‘j
Neoll 355 ==
dprdy = s
pp ﬁ ‘
: al
S H’TIL\—‘IITLL[E
e suppression in Pb+Pb: R 4 <1 0.5 g L 1
PP <28 o [0 - 10%
2015 data: Pb+Pb 0.49 nb™, pp 25 pb*  [£120 - 30%
: : : WENNN (T, ,) and luminosity uncer. (140 - 50%
e increases with centrality AN . ., [;160-70%
40 60 100 200 300 500 900
p, [GeV]

@ Energy loss by the jet: transported at large angles 0 > R = jet opening angle

@ Rag4 is almost flat at very high pr: energy loss increases with pr
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Energy loss

@ A jet measured with a given energy p; has been produced with pr + €

F e o e e e L s s s
10¢k Pb-Pb \[5, =276 TeV

10°ks —— scaled pp reference
* 0-5%
o 70-80%

med (, vac
do™%(pr) /(167)(6) doV?¢(pr +€)
dpr dpr

10°

@ P(e): probability density for losing e

do** (pr)

1
—, n = 7+10
dpr br

1N, 142 p) (dPNgy) / (dn de) (GeV/c)?

@ Rapidly falling spectrum for the hard process

@ Bias towards small values for ¢

103§ d @ Even a small € may imply strong suppression
pT(GeV/c)

@ Many other observables: substructure, jet shapes, fragmentation function ...
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Medium-induced jet evolution

@ The leading particle (LP) is produced by a hard scattering

@ It subsequently evolves via radiation (branchings) ...

xX
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Medium-induced jet evolution

@ The leading particle (LP) is produced by a hard scattering

@ It subsequently evolves via radiation (branchings) ...
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@ ... and via collisions off the medium constituents

@ Collisions can have several effects
e transfer energy and momentum between the jet and the medium
o trigger additional radiation (“medium-induced”)

o wash out the color coherence (destroy interference pattern)
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Medium-induced jet evolution

@ The leading particle (LP) is produced by a hard scattering

@ It subsequently evolves via radiation (branchings) ...

@ ... and via collisions off the medium constituents

@ How to simultaneously describe the vacuum-like emissions (virtuality-driven)
and the medium-induced ones (as driven by collisions) 7

@ Can one meaningfully distinguish between them ?
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Radiation: Formation time

@ The time it takes the daughter partons to lose their mutual coherence

@ The gluon has been emitted when it has no overlap with its source

mg Az =0t
AL 2 2
" o AL =00

2w 2
Az ~ A = tr=—5 ~ —
L AL TR T e

@ This argument universally applies to radiation: in vacuum & in the medium

e based only on the uncertainty principle
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Radiation: Formation time

@ The time it takes the daughter partons to lose their mutual coherence

@ The gluon has been emitted when it has no overlap with its source

\\ EQ? f o 2w 2E

c O%%%Q E T Q2
c A
Cr dw d#?
o 2p . QbR QW dUT
w by d PBIem — T w 92

t

@ In the vacuum: the emission is triggered by a hard scattering
@ i¢ is controlled by the parton virtuality & measured from the hard vertex

@ Log enhancement for soft (w < E) and collinear (6 < 1) gluons
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Radiation: Formation time

@ The time it takes the daughter partons to lose their mutual coherence

@ The gluon has been emitted when it has no overlap with its source

\\ E.Q? f o 2w 2E

g Or '%%Q e
C Al
Cr dw do?
Jop} 2 ) ~ M -
w k) d PBIem — T w 92

t

@ In the vacuum: the emission is triggered by a hard scattering
@ i¢ is controlled by the parton virtuality & measured from the hard vertex
@ Log enhancement for soft (w < E) and collinear (6 < 1) gluons

@ In a dense medium (QGP): additional decoherence due to collisions
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Jets in the vacuum (in a nut-shell)

@ Double logarithmic approximation (DLA): strong double ordering
E>wur>w>-->w & 0>0>0,> >0

@ Emissions can be depicted as points in the (w, 8) plane (Lund plane)

(E.6)

(w01

VACUUM PHASE SPACE

7 (wn. b,

7o (w3, 03

@ Evolution stopped by hadronisation: k£ ~ w6 2 Aqcp

@ Beyond DLA: angular ordering still holds due to color coherence
Edmond lancu, 2019 12 / 31
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Jets in the vacuum: Angular ordering
@ The first splitting ¢ — gg = a color-octet antenna with opening angle 6,

@ The next splitting can be sourced by any of the 2 legs: interference
2
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@ A large-angle emission at ¢ > 6 “sees” the overall color charge
éé 2 é; 2
£ - o 5
§ooo® b o™
— /7?)7%7‘7‘?'“?%
= e

5°

o
e T
“ 0oy
oo

@ It can be formally treated as an emission by the parent gluon

@ Effectively: independent emissions with angular ordering
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Jets in a QGP: Collisional broadening

@ An energetic parton crossing a weakly coupled QGP along a distance L

@ acquires a transverse momentum p | via quasi-independent collisions

=
8 k., %

pL=0 P

0 L
@ Random kicks = Gaussian broadening: (p?) ~ ¢L

Q* dr 2
N~ 2 el ;2 ~ 2 Q
qg= / d°k K k a;Crn(T) In —mQD

@ n(T) = Cpn,+ Nen, ~ T3 density of thermal quarks & gluons

o typical values: § =1 GeV?/fm, L =5 fm, (p?) =5 GeV?
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QGP: Medium-induced radiation

@ Collisions introduce a lower limit on the transverse momentum ...

2w
ty = 7z & k1 2 gt
1
2w
(7 ~
q

@ ... hence an upper limit on the formation time !

o vacuum-like emissions (VLEs): k2 > gt or t; < /2w/q

o medium-induced emissions (MIEs): k2 ~ gt or ¢ ~ /2w/G
@ VLEs occur faster for the same energy = an argument for factorization

@ MIEs must have t; < L = upper limit on their energy: w < w,. = +¢L?
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BDMPSZ spectrum

(Baier, Dokshitzer, Mueller, Peigné, Schiff; Zakharov; 1996-97)

asCr dw _dt

@ MIEs can occur anywhere inside the medium: d?Py e =

I w  tr(w)
@ Probability for a single emission (integrated over ¢ < L)
dpP L We U
w— ~a ~ @4/ — for w<w.==qL
dw te(w) w ¢~ 9t
@ Average transverse momentum and emission angle:
qL 2

(k2) ~ L = B(w) ~ Y= > 0, = 0(w,) = ———

w /(jL3

@ When w42 > 1, multiple branching becomes important
dw ~ P g

1
wS Wy = dtw, = 02 —0:.~05
a

@ Large emission angles leading to energy loss by the jet
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Jets from MIEs only
(Blaizot, E. I., Mehtar-Tani, PRL, 2013; Kurkela, Wiedemann, PLB, 2014)

@ The jet created by an on-shell parton via multiple MIEs

Wi /—ihl/ --7 :o( o 65666§
E & A
i:/\/{{ %, :90
- >
\\\\\\a}\‘hn«@\ o H
{%Whr\\\\\\\\\
L

o a number of O(1) of hard gluons with energies wp, < w < w,
e a large number of soft gluons with w < wy,, which leave the jet

o the energy lost by the jet: AEje; ~ wpy ~ 5 GeV
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Jets from MIEs only

(Blaizot, E. I., Mehtar-Tani, PRL, 2013; Kurkela, Wiedemann, PLB, 2014)

@ The jet created by an on-shell parton via multiple MIEs
Wi

[

e

e no angular ordering: color coherence lost during formation
e no energy ordering: “democratic branchings”
o turbulent cascade: energy flows outside the jet
@ Many soft quanta at large angles outside the jet: di-jet asymmetry v
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Adding the vacuum-like emissions

(P. Caucal, E.I., A. H. Mueller and G. Soyez, PRL 120, 2018)

@ VLEs can occur inside the medium (t; = —2; < L), or outside it (t; > L)

@ VLEs inside the medium occur faster than the MIEs (tr < /2w/q)

o, E
19 e T
o o Two additional lines:
f i ) > _ B
;’ | —_— = L & —_— =
...... S wbh? wh? g
o inside - 0

médium o The 2 lines cross each other at

16 1, o 2
outside ¢ we=;qL7, 0.=—= 3
medium ] 2 vaL

@ Vetoed region: would-be collinear VLEs, that cannot exist in the medium
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Angular ordering

@ Successive VLEs inside the medium obey angular ordering, like in the vacuum

@ Non-trivial: color coherence washed out by collisions after t..;, ~ 1/(G03)"/?
(Mehtar-Tani, Salgado, Tywoniuk; Casalderrey-Solana, E. ., 2010-12)

outside

@ VLEs at large angles 6 > 6 are prompt: —2z < fcon(6o)

o they are still emitted by coherent antennas
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VLEs outside the medium

@ After formation, partons propagate in the medium along a distance ~ L
e they act as sources for medium-induced radiation: energy loss

e they lose color coherence via collisions

o

S \.'
g {L\,{T{fﬁfﬁ(q é
5 »\’6”7@/ (5 777777 0
2
% %;oﬂ?am?an@uoﬂ\
outside

@ First outside emission can violate angular ordering
@ Crucial consequence: enhanced radiation at low energies and large angles

@ Subsequent “outside” emissions obey angular ordering, as usual
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Monte Carlo implementation

(P. Caucal, E.I., and G. Soyez, arXiv:1907.04866)
@ Factorized parton showers, separately Markovian for the VLEs and the MIEs

o well suited for Monte Carlo implementations

@ Two modules (corresponding to the factorization)

e VLEs: DGLAP evolution with angular ordering
@ ordering variable: the emission angle 0, with 0,.x > 0 > kt%
e MIEs: multiple BDMPSZ-like branchings
e ordering variable: the time ¢, with 0 <t < L
o fixed coupling s med, Gaussian transverse momentum broadening

o 3 medium parameters: ¢, L, s med; 2 kinematical cuts: k¢ min, Gmax

@ Two scenarios for the leading parton

o fixed initial energy pro (“monochromatic jets"): conceptual studies

e produced by a hard process: realistic for phenomenology
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Monte Carlo result: Jet energy loss

@ Medium induced emissions which propagate at large angles 6 > R
@ Red curves: Monochromatic jets which contains only MIEs

o AEjet ~ wpy = a2¢L?, independent of pry

o AFje decreases with R: some of the MIEs are recovered
average energy loss - prg dependence average energy loss - R dependence
35 T T T T T T T T T T T
—A—: MIEs only anti-k(R=0.4), Bmax=R, k| min=0.25 GeV >
30 |~ MIEs+VLES > 20 | Pro=200 Gev p
= === 11.6+5.0 log(pro/wc)+0.63 log?(pro/wc)
= =
§ 25 - quark + §
a §=1.5 Gev/fm? w 157 1
o L= 4 K]
~ 20 - L=4fm - .
2 a5=0.24 2 .
@ @ .,
g 151 7 5 10 & , 1
I3 e N
g g A
g 10+ . g e T S
@ B
—— A —A 5r A T
T A —A— A i §=1.5 GeV/fm? MIES only —A- -
5 anti-ky(R=0.4) L=4 fm MIEs+VLEs —@—
r B8max=R, K1 min=0.25 GeV 0,=0.24 L.64+1TWVR =nen
0 I . I . . . . 0 . . h .
2 5 10 20 50 100 200 500 1000 0 0.2 0.4 0.6 0.8 1
pro [GeV] R
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Monte Carlo result: Jet energy loss

@ Medium induced emissions which propagate at large angles § > R

@ Blue curves: Monochromatic full jet, with both VLEs and MIEs
o the number of partonic sources increases via VLEs
o AFE is rapidly increasing with prg and slowly increasing with R

average energy loss - prg dependence average energy loss - R dependence
T T

35 T T T T T T T T T
—A— - MIEs only anti-ky(R=0.4), Bmax=R, k1 min=0.25 GeV' >
30| @ MIEs+VLEs > 20 | Pro=200 Gev J
= === 11.6+5.0 log(pro/wc)+0.63 log?(pro/wc)
S =
§ 25 - quark 1 §
@ §=1.5 GeV/fm? g 15T ]
2 20 L=4fm . 2
> - > N
2 a5=0.24 2 \
o o S,
S 15t 1 G 100 M : 1
s ) ™,
g g A
g 10 + 9 e T S
H s
——A —A 5F ~ 7
s T e A A §=1.5 GeV/fm? MIES only —A- -
anti-k(R=0.4) L=4fm MIES+VLEs —@—
P Omax=R, k1,min=0.25 GeV as=0.24 4.6+1.7/VR ===~
0 Lt I . 0 | h .
2 5 10 20 50 100 200 500 1000 0 0.2 0.4 0.6 0.8 1
pro [GeV] R

@ The R dependence is quite subtle because of the competing effects
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Monte Carlo results: R4

@ Leading parton produced by a hard process. prjei: energy of the final jet

@ Not a fit: just a choice of “reasonable” values for the physical parameters

Raa: varying uncontrolled parameters Raa: quenching order
1 T T 1 T T
§4=1.5 GeV2/fm ATLAS —e— —e— ATLAS
09 F L=4fm ours == 0.9 I mmmmm 3-step fact. (1.5,4,0.24) 7
0.8 | =024 ] 0.8 b — ' quench15t(1.54,0.36)  _ w™]
— — quench 1% (2.0,4,0.30y"
0.7 b g 0.7 | -
o

< - <
S 0.6 < = < |
« ’.yé—ﬁ’ '?H—_+_ 3

05 [ a2 g 1

e
0.4 g g
anti-ky(R=0.4), |y|<2.8 anti-ky(R=0.4), ly|<2.8
03 V5=5.02 TeV, 0-10% centrality 0.3 V5=5.02 TeV, 0-10% centrality
Bmax=1(0.75,1.5), k. min=0.25(0.15,0.5) GeV Omax=1(0.75,1.5), k min=0.25(0.15,0.5) GeV
0.2 L L 0.2 . .
100 200 500 1000 100 200 500 1000
prjet [GeV] prjet [GeV]

@ Little sensitivity to the kinematical cuts k¢ min, Omax: “infrared-safe”
@ Right plot: Without VLEs, R4 would rise much faster with pr jet
o at high pr jet, the relative energy loss AEje;/pr jer, becomes negligible
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What is the scale controlling

@ Vary the 3 medium parameters §, L, a5 med in such a way to keep fixed one
of the 3 independent physical scales

0.9

0.8

Raa

0.3

0.2

1
.= —GL>
We = 54L7,

Raa: fixed 8¢,wpr, vary wc

© We=90 GeV (§=5.06, L=2.67,a;=0.196) |

T T
ATLAS

We=60 GeV (§=1.5, L=4,05=0.24)
Wc=40 GeV (§=0.44, L=6,05=0.294]

2

—2
Wpr = O We 0. =

Raa: fixed 6¢,wc, vary wpr

1 T T
—e— ATLAS
0.9 - — —. wp,=2.30 GeV (a;=0.196) 1
08 | — Wpr=3.46 GeV (a;=0.24) i

Wpr=5.18 GeV (a;=0.294)
-
07 I §=15Gev¥fm ~ _ ~7 N

-
g = S opll=4fm _ -~ g
o - R
ST L ah s Sy
, 4 0.5 (7 " @ 4
N 0.4 [ ]
anti-ky(R=0.4), |y|<2.8 - anti-ke(R=0.4), |y|<2.8
L Vs=5.02 TeV, 0-10% centrality -| 03+ Vs=5.02 TeV, 0-10% centrality |
Omax=1, k1,min=0.25 GeV 8max=1, k1, min=0.25 GeV
1 1 0.2 1 1
100 200 500 1000 100 200 500 1000
P jet [GeV] PTjet [GeV]
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What is the scale controlling R

@ Vary the 3 medium parameters §, L, a5 med in such a way to keep fixed one
of the 3 independent physical scales

Raa

15th Vienna Central European Seminar

1
czfAL27

Raa: fixed w¢,wpy, vary 6.

T T
—e— ATLAS

6.=0.050 (§=3.38, L=2.67) b
—— 0.=0.041 (G=1.5, L=4)
6:=0.033 (§=0.67, L=6)

anti-k(R=0.4), |y|<2.8
Vs=5.02 TeV, 0-10% centrality —{
Bmax=1, k1 min=0.25 GeV
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500 1000
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05 [ o #¥ T |
0.4 [ o i
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0.2 L L
100 200 500 1000
PTjet [GeV]

R4 is controlled by the “soft” medium energy scale wy, ~ a?GL?
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The z, distribution

@ Probability distribution for a first splitting with splitting fraction z; > zcu¢
@ Optional additional criterion: sufficiently large splitting angle 0, > 0.
@ The jet is first reclustered assuming angular ordering (CA algorithm)

1

pPr2
3
) ARIQ — 6{] pr1
br min(py 1,07, 7
S Pr1pT2)
01> 05> 03 =0, 29 = "pritore

@ Grooming (Soft Drop): remove soft emissions at large angles
@ For jets in the vacuum: a direct measure of the parton splitting functions
@ Angular ordering is ok in the vacuum, but not also for the MIEs

@ R(z,) = ratio of the z, distributions in PbPb and pp
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Two main nuclear effects

@ SD can also be triggered by a MIE (important especially at small z,)

@ The 2 subjets produced by the splitting lose energy via MIEs

o the measured value z, is different from the physical splitting fraction z

b= P =& <z
Do = (1 — _&
or pro=(1—2)pr — & g P — Sg _ 51
Njets-norm zg distribution - high-| pT jets
1.05
anti-| kt(R 0.4), SDus Oz(u[—D 1) [mMDT] 0,>0.1
1 | 8L Geviim, L4 fm o The ratio increases with z,
o | PO Y -7
iy s Pi(z)  zg Az
CEE ) | R(zg) X =+~ ~ < ~1— —
/ Pi(zg) =z <9
0.85 7 q
o ‘ | e=165Gey === o Monte Carlo & Analytic studies
"o 01 0.2 03 0.4 05
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Parton with

ed P10y Zcut =

@ Good agreement between Monte Carlo (left) and analytic (right) calculations

Njets-norm zg distribution: pro dependence

Njets-norm z4 distribution: pro dependence

1.1 T T 11 T T T T
quark p10=100 GeV —— quark pPro=100 GeV ——
1.05 Pr0=200 GeV ——— | 1.05 Fanalyt pP10=200 GeV ——— ]
Y I U W PT0=500 GeV ——_ | P I W P1o=500 GeV ——_ |
P10=1000 GeV =—— pPro=1000 GeV =——
0.95 |- E 0.95 -
Em 09 | q F\':‘,a’ 09 |
53 &
0.85 - i 085 |
0.8 B 0.8 | T - B
Vs=5.02 TeV, anti-ky(R=0.4) === SOI'?" V':EZTPC"L'ES
0.75 | §=1.5 GeV/fm?, L=4 fm, 0s=0.24 4 0.75 ashed: VLEs J
Omax=R., k1, min=0.25 GeV 4=1.5 GeV/fm?, L=4 fm, as=0.24
0.7 L L L L 0.7 .
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
24 Zq
@ Nuclear enhancement at small z,: additional MIEs selected by Soft Drop
@ Steady rise at large z4: incoherent energy loss by the 2 subjets
@ Transition with increasing pro: zecutpro > we when prg 2 500 GeV
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Monte Carlo results: the z, distribution

@ Bias due to the steeply falling spectrum for the hard process

Self-norm zg distribution - CMS-like setup
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e Hint of a transition in the data ?
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Conclusions & perspectives

@ A first-principle description of parton showers in heavy ion collisions appears
to be possible and realistic

@ Vacuum-like emissions can be factorized from the medium-induced ones via
controlled approximations in pQCD

@ Probabilistic picture, well suited for Monte-Carlo implementations

@ Preliminary MC results, which look promising

e qualitative and semi-quantitative agreement with the LHC data for the
jet R4, jet fragmentation functions, and jet substructure (z,)

@ Perspectives: more realistic description of the medium (expansion, hydro ...)

THANK YOU |

15th Vienna Central European Seminar Jet in Heavy lon collisons Edmond lancu, 2019 29 /31



Jet fragmentation function

@ Energy distribution of the hadrons inside the jet

25— —— -
[ ATLAS Iy | < 2.1 anti-k, R=0.4 jets
=
2 ]
dN a F [[] 126 < py < 158 GeV, |5, =2.76 TeV 7
D((}J) = WT (nd E @ 126 < p* < 158 GeV, |5, =502 TeV o
w ]
r AN
= df w———-
0 dfdw
.. . Pb+Pb, 0-10%
e w = pr of a hadron inside the jet 05 ]
: Ll L |
1 10 ?

@ Plot the ratio of FFs in Pb+Pb and p+p: Rp(,,)

e enhancement at low energies: ppr < pjTet
e ... and at relatively high ones: pr ijTet

o slight suppression at intermediate energies
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MC: Fragmentation function

@ The same “canonical” values for the medium parameters as in the “best”
description of Raa (ATLAS data from arXiv:1805.05424)

@ Stronger variability with respect to the “uncontrolled parameters”

e not an IR-safe quantity ! (disliked by the theorists)

fragmentation function

fragmentation function

2.2

ZOd <pe < '251 Gév
2 Ghat=1.5, L=4, 0s=0.25
Qhat=2.67, L=3, as=0.25
18 *0 Ohat=0.96, L=5, 05=0.25
1.6

ratio PbPb/pp

T T
ATLAS —@—

variations at fixed w¢ s
Omax=1, kt min=0.25 GeV

ratio PbPb/pp

T T T
2&0 < pt < 251 GeV

ATLAS —@—
Kemin=0.20 GeV ==ssee: i
Kt,min=0.25 GeV
Kt,min=0.35 GeV — — - 7
Kg,min=0.50 GeV =—--— -

varying ke,min (Bmax=1)
Ghat=1.5, L=4, as=0.25

1.2
1 ,,,,,,,,,,,,
0.8
0.6 | anti-ke(R=0.4), |y|<2.1 4 0.6 | anti-kg(R=0.4), |y|<2.1 4
Il Il Il Il Il Il Il Il Il Il Il Il
1 2 5 10 20 50 100 200 1 2 5 10 20 50 100 200
pt [GeV] pe [GeV]
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MC: Fragmentation function

@ Qualitative & semi-quantitative agreement with the data

@ Strong enhancement at low pp: MIEs ... but not directly

e soft MIEs with w < wyp, ~ 3.5 GeV go outside the jet

fragmentation function fragmentation function
20 T T T T T T 22 T T T T T T
’ 200 < pt < 251 GeV ATLAS —@— ! 2(50 < pt < 251 GeV ATLAS —@—
2 L Qhat=1.5, L=4, 0g=0.25 = | 2 | K, min=0.20 GeV =ssssee: J
. Qhat=2.67, L=3, a5=0.25 — — - 18 \ ke, min=0.25 GeV
' *‘ Qhat=0.96, L=5, a5=0.25 ' . Kemin=0.35 GeV — — - |
S 16\ ° - S 16 3 Kt,min=0.50 GeV =—--— -
§ . variations at fixed wc s .E varying k (Br=1)
2 = - o 14 t,min (Ymax=
a ¢ Omax =1, kemin=0.25 GeV e Ghat=1.5, L=4, 05=0.25 __
2 g l2r
1 ,,,,,,,,,,,,,,,,,,
0.8
0.6 | anti-ke((R=0.4), |y|<2.1 4 0.6 | anti-kg(R=0.4), |y|<2.1 4
Il Il Il Il Il Il Il Il Il Il Il Il
1 2 5 10 20 50 100 200 1 2 5 10 20 50 100 200
pt [GeV] pt [GeV]
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MC: Fragmentation function

@ Suppression at intermediate pr: energy loss via MIEs (easy !)

ratio PbPb/pp

15th Vienna Central European Seminar

@ Enhancement at large pr ~ p*": much more subtle

2.2

1.8

1.6

1.4

1.2

0.8

0.6

e competition between vetoed region, energy loss, & hard MIEs

fragmentation function

200 < py < 251 GeV ATLAS —@—
Ghat=1.5, L=4, 0g=0.25 ———
Ghat=2.67, L=3, 0g=0.25 — — -
Ghat=0.96, L=5, ag=0.25

variations at fixed w¢ s
Omax=1, kt,min=0.25 GeV

L. anti-k((R=0.4), |y|<2.1 4
i i i i i i
1 2 5 10 20 50 100 200
pt [GeV]

ratio PbPb/pp

fragmentation function

2.2

1.8

1.6

1.4

1.2

0.8 -

0.6

280 < p; < 251 Gev ATLAS —@—
H Ke,min=0.20 GeV =s==sse i
1 Ke,min=0.25 GeV

.\ ' Kemin=0.35 GeV — — - |
{ Ke,min=0.50 GeV —--— |

varying Ke,min (Bmax=1)
Qhat=1.5, L=4, a5=0.25

anti-k¢(R=0:4), |y|<2.1 4
i L i

1
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