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Introduction
[ 1}

A pQCD picture for jet evolution in the QGP PC, lancu, Mueller, Soyez, 2018

We pr
b‘}\ o R @ Parton showers from pQCD: factorization
%, medium between vacuum-like emissions (bremsstrahlung)
“2N and medium-induced ones (BDMPS-Z).
3
% e @ Vetoed region for VLEs inside the medium.
< N3
‘LQ 0.
\ . @ VLEs = sources for energy loss via MIEs.
\= outside
non perturbative \¢, medium
@ Angular ordering violation for the 15t emission

log(w) outside the medium.

First Monte-Carlo results based on this factorized picture (including coherence effects) for the

fragmentation function.
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Introduction
oce

Fragmentation function (FF): definition

@ Energy (=~ transverse momentum) distribution of 2.5 R B &
. e . | ATLAS v ™ | < 2.1 anti-k, R=0.4 jets
particles within jets. =~ |
5 |
ol @ 126 < pf < 158 GeV H
D(X) = 1 ﬂ m & ® 200 < P < 251Gev +
Njets dx + 316 < p' < 398 GeV
: 1.5
with x = p1 cos(AR)/pT jet ~ PT/PT jet ] .
: . .-
N.B. x often denoted as z in experimental plots = ! mmm
I 100 H ]
| Pb+Pb, {5y = 5.02 TeV, 0.49 nb™, 0-10% ]
@ Nuclear modification of the jet fragmentation function: 0.5, pp fr=somenzse ]
Drupn(x) 1072 107 1
PbPb(X
R(x) = =75 z

Dypp(x)
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Monte-Carlo results and discussion
©0000

FF is not infrared and collinear safe

do

DLA

xDpp(x) —Is

R
26, /
kLnﬂn/(XPT) 9

2.2
2.0
@ = strong dependence upon Kk min.
1.8
1.6
@ Two ways out: -
% 1.4

e focus on the ratio R(x), 1.2

e replace FF with better behaved
(IRC-safe) observables.

0()§005 0.01

(2075 V/2log(1/x) log(R/6))

dependence of R on non-physical parameters

r g=1.5GeV¥fm, L =4 fm, dsmeq =0.24

200 <prjet <251 GeV, R=0.4, |yjet| <2.1

k. min=0.15,0.25,0.5 GeV
Omax =0.75,1,1,5 ]

0.02 0.05
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Monte-Carlo results and discussion
0®000

Our Monte-Carlo calculations

Sets of parameters describing Raa

P YE
(Raa controlled by a5 ;,044L°) Fragmentation function ratio

Raa
1 dependence of R on medium parameters
T T 1.8 - - : . : :
09 —&— ATLAS «xs G=2.0GeV¥fm, L =4 fm, dsmeq = 0.20
ol LLLLLL] gg. ;.g. g-;g; 16 \\ —= G=2.0GeV¥fm, L=3fm, Qsmea=0.29
08| T lerau b . — §=1.5GeV¥fm, L =4 fm, @smes =0.24
(15,4.0,024) 14 7—156ev7/fm L=3fm asvmed—035
0.7 b —+— (15,3.0,0.35) e >N Ars a== ' " Zsmed = 0.
< = L ]
S 06 R =12
0.5 . 10 \
0.4 E NS
anti-ky(R=0.4), |y|<2.8 0.8t \\.\';. “ass ]
03 | Vs=5.02 TeV, 0-10% centrality ===t
Bmax=1, k1, min=0.25 GeV. 06 ; anti-ke(R = 0.4), 200 < prjet < 251 GeV, |yjer| <2.1
0.2 ! ! 0,005 0.01 002 005 01 02 05 1
100 200 500 1000 X

P jet [GeV]

3 medium parameters: §, L, and o mea (vertex for MIEs).
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Monte-Carlo results and discussion
0®000

Our Monte-Carlo calculations

Sets of parameters describing Raa
(Raa controlled by a2 _,GL?)

s,med
Raa
1 T T
—e— ATLAS
0.9 I «uuees (2,0, 4.0, 0.20) 1
og | —— (2030029 |
—— (1.5, 4.0,0.24)
0.7 F == (1.5, 3.0, 0.35) AR
Z os .
0.5 .
0.4 | 4
anti-k(R=0.4), |y|<2.8
0.3 F Vs=5.02 TeV, 0-10% centrality =
BOmax=1, k1 ,min=0.25 GeV
0.2 : L
100 200 500 1000

P jet [GeV]

Two regimes

Fragmentation function ratio

dependence of R on medium parameters

, L=4fm, a5 meq = 0.20
,L=3fm,
,L=4fm,
,L=3fm,

anti-ke(R = 0.4), 200 < prjet < 251 GeV, |yjer| < A1
00‘.5005 0.01 0.02 0.05 0.1 0.2 0.5 \ 1
X

Nuclear enhancement at large x and low x: same behaviour seen in the data.
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Monte-Carlo results and discussion
00®00

Large-x behaviour: bias towards “hard-branching” jets

. . Raa for different bins of xmax
@ Not a nuclear change in the fragmentation 1.0 —

. . j=1.5 GeV?/fm, L=4fi
pattern, but in the statistics of stmeﬁoejm " "
hard-fragmenting jets.

0.9
0.8

@ Hard-fragmenting jets have less structure, 0.7

hence they lose less energy. 06

Raa

0.5 == all jets .

— 0.0 <Xmax <0.5

@ Additionally: bias towards quark-initiated

jets. 0.4 = 0.5 < Xmax < 0.9 -
anti-k(R = 0.4), |yjer] <2.8 = 0.9 <Xmax<1.0
%300 200 300 400 500 600 1000
pr.jet [GeV]
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Monte-Carlo results and discussion
000e0

Large-x behaviour: bias towards “hard-branching” jets

@ Strong correlation between Raa and large x fragmentation function ratio.

@ Mild effect coming from the medium fragmentation pattern itself

dependence of R on medium parameters

1.8
3 =s= G=2.0GeV¥fm, L=4fm, asmeq = 0.20

1.6 ‘\ —— §=2.0GeV¥fm, L =3 fm, & med
\ — §=1.5GeV¥fm,L=4fm, asm

1.4p,
X0t
2 1.2
0 SR S NN S D . A A
0.8 Ny
T —
anti-k:(R = 0.4), 200 < prjer < 251 GeV, |yjer| <2.1
0.6 p
0:005 0.01 0.02 0.05 0.1 0.2 0.5 1
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Monte-Carlo results and discussion
ooooe

Enhancement at low x: colour decoherence and MIEs

Colour decoherence

=> no angular ordering for the first emission outside the medium,
= factorisation between parton cascades inside & outside the medium.

number of “in” sources outside DL cascade
Vas —_— - >
XDpppp(X) =~ YRle Nied x exp(as log(2xpr /A°L))
22 Nuclear modification factor at DLA e or
. T : : : :
\ exact asympt 1’@ .. R
20p |} K. min =100 MeV ——— /\O& n;gﬁﬁem
N K. min = 200 MeV -——- o
\ 1 2>
)
4 \ﬁ/
= <D
i S %
B0
/ 3 D
i 1
7 “;p\ 0
S 22 R NZ outside
non perturbative \¥, medium
0.8F quark, pro =200 GeV, R=0.4 %
G=1.5GeV¥fm, L=4fm, @;=0.3
065005 001 0.02 0.05 01 0.2 0.5 Toa(o
X og(w)
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Monte-Carlo results and discussion
ooooe

Enhancement at low x: colour decoherence and MIEs

Monte Carlo tests of various mechanisms

@ VLEs only: medium effect = vetoed region + colour decoherence,
@ VLEs and MIEs: vetoed region, energy loss, but no colour decoherence,

@ Full MC: no angular ordering for the first emission outside the medium.

R(x) - decoherence effects

We pr
Lol T T T T T = R
VLEs only N inside
=== VLEs only (k. mn=150 MeV) O@O medium
1.4+ ——— no decoherence 1 I
— full 7
H N
L Adding decoherence 2
% S o
& ing intrajet MIE &0 D
1.0 ooz
< 0.
0.8 1 \» outside
) non perturbative \¢, medium
Brmax =1, K1 . min = 250 MeV antik(R=0.4), [y| <2.1
0.6} 4=1:5GeV¥fm, L =4 fm, a mes = 0.24 200 < pr.jec <251 GeV
0.005 0.01 0.02 0.05 0.1 0.2 05 1 -
9 log(w)
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Fragmentation function from subjets
©0000000

IRC safe fragmentation function: FF from subjets

Definition

1 dNgup

Dan(z) = ==,
jets

dNsy1, number of primary subjets with k; > k| .yt found after an iterative C/A declustering.

primary Lund declusterings

1.4 we pr
— ke>2GeV L R
—— k:>5GeV <°)~O inz{de
medium
121 1 R >
)
&) N
SN\Z
I N\N\%
H = 2
® g {“9
O 0
N\ -
061 g 4 .\~ outside
— non perturbative \1, medium
P.jet =500 GeV, R=0.4 %,
(Bmax, ke, min/GeV)=(1,0.25),(0.75,0.25),(1.5,0.25),(1,0.15),(1,0.5)
0.4 i f L H
0.01 0.02 0.05 0.1 0.2 0.5
log(w)

z

= P, parent
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Fragmentation function from subjets
0®000000

FF from subjets: leading order analysis

OeutOgero| X 3 Goi(pr +¢&i(2))

DPEPD(7) ~ /R do 2a5(z0p7)
0

sub
0 2 ;:qé.oq(pT‘+’5q)+‘oé(pT‘+'gg)
14 Fragmentatlon into subjet analyt|c
’ — VLEs only
== = \/LEs+large-angle Ejoss .

Ll miifip | @ Same physics at play as for the FF.
10 @ Veto region Ocut — OcutO¢veto(2, 0)
)

3 ~——— o
08f Soe - 1 0 Nicts normall_zatlon effect:
energy loss E of the average jets < energy loss

Ke,cut = 2 GeV .

0.6 feuw =256 Ei(z) for 2 hard subjets
anti-k¢(R = 0.4), pg,jet > 500 GeV, |y| <2.1
§=1.5 GeV2/fm, L =4 fm, s, med = 0.24

0'3.01 0.02 0.05 0.1 0.2 0.5

_
2= B parert
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Fragmentation function from subjets
0®000000

FF from subjets: leading order analysis

1 20[5(29PT) d2Nmic C,'O','(pT + 5’(2))
Pbe i / a0 |: ———9 vEthe Ocut % = c
Do, (2) = 0 0 Tz Fvet dzd@ ¢ i;g aq(pT + &) + ax(pT + &)

Fragmentation into subjet - analytic

1.4
= VLEs only
== = \/LEs+large-angle Ejss H
Ll i @ Same physics at play as for the FF.
o @ Veto region Ocus = OcutO¢veto(2,0)
N
E T -~ S~
0.8

@ Nicts normali_zation effect:
energy loss E of the average jets < energy loss
Ei(z) for 2 hard subjets

0.6 Kecur=2 Gev

anti-k¢(R = 0.4), pg,jet > 500 GeV, |y| <2.1
G=1.5GeV/fm, L = 4 fm, s, meq = 0.24

0.4 . :
0.01  0.02 005 0.1 0.2 05 @ Intrajet hard MIEs.

—_P
2= Bt pore
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Fragmentation function from subjets
00®00000

Take-home messages

primary Lund declusterings

— ke>2GeV @ IRC safe is ... safer !
— k>5GeV

1.2 —// 4

K—\ @ Standard FF (IRC unsafe):
1.0 \ :

1.4 —

e large x enhancement correlated with RAA,

K e small x enhancement due to intrajet MIEs
0.8}
+ decoherence,
o6k e large error bars (sensitivity to k| min).

Pt,jet = 500 GeV, R=0.4
(Bmax, kt, min/GeV)=(1,0.25),(0.75,0.25),(1.5,0.25),(1,0.15),(1,0.5) i
0801 0.02 0.05 01 03 0.5 @ FF from subjets (IRC safe): better control for

z=_P_ the nuclear effects.

Pt parent

THANK YOU !
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Fragmentation function from subjets
000®0000

BACK-UP
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Fragmentation function from subjets
00008000

FF from subjets: dependence on medium parameters

L4 primary Lund declusterings

g=1.5,L=3,as=0.35
Gg=15,L=4,a,=0.24
g=2,L=3,;as=0.29
Gg=2,L=4,a,=0.2

1.2}

10 RS SRR, V. WER. VPR SRR TR SR SO S U SRR SRR S S
El
&

0.8F

0.6 .

Pt.jet =500 GeV, R=0.4, k; > 2.0 GeV
4 L 1 1 L
O0.01 0.02 0.05 0.1 0.2 0.5
z=p Pt
t, parent
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Fragmentation function from subjets
00000®00

Jet energy loss as function of xy.x

average energy loss V. Xmax
35 . :

== all jets
30 | =@ 0.0 < Xmax <0.5
== 0.5 < Xmax <0.9
== 0.9 < Xmax < 1.0

25

_ quark

E 20} §=1.5GeV/fm?
= L=4fm

8 15| as=0.24

w

10

anti-k(R=0.4) |
Bmax =R, kK1 min = 0.25 GeV

10 20 50 100 200 500 1000
pro [GeV]
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Fragmentation function from subjets
00000080

FF: dependence on jet pr

dependence of R on the jet pr

1.8 T T T T T
g =1.5 GeV¥fm, L =4 fm, Qs med = 0.24

— 126 <pr,jet <158 GeV
= 200 < pr,jet < 251 GeV
—— 316 <pr,jet <358 GeV

anti-ke(R = 0.4), 200 < pr.jet < 251 GeV, |yjet] < 2.1

005005 0.01 0.02 0.05 0.1 0.2 0.5 1

X
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Fragmentation function from subjets
0000000e

FF: disentangling statistical bias vs. in-medium fragmentation

Nuclear modification factor R(x) - analytic Nuclear modification factor R(x) - Monte Carlo

2.2 T T T T 2.2 T T T T
VLEs only VLEs only

2.0 = VLES+Epss 1 2.0 VLES+E|oss+MIES 1

— VLES+E|pss+MIES full (200 < pr,jet <251 GeV, |y| <2.1)
181 full (pr, jet = Pro) 1 1.8 1
1.6 quark 1 1

5 14 =

1.2+ . 1
10 P o -
0.8} anti-k¢(R =1), pro =200 GeV, k,.min = 0.25 GeV 1 0.8} anti-k(R =1), pro =200 GeV, ky,min = 0.25 GeV 1

g=1.5ReV¥fm, L=4 fm, as meq = 0.24 g =1.5ReV¥fm, L =4 fm, s, med = 0.24
0'%.5 0.6 0.7 0.8 0.9 1.0 %95 0.6 0.7 0.8 0.9 1.0

X X
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