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Why we need medium recoll

- Jet and medium exchanges
energy-momentum.

- Energy lost by energetic partons
may still be within jet cone.

- Redistributed energy changes
jet shape.

- Energy-momentum of the whole system
should be conserved.
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Where we can see medium recoll

- Jet observables that are sensitive to medium recoil
vdet Raqa
v Jet shape
v Jet mass

= Need to consider all energy-momentum in a jet cone.

Phys.Rev. C96 (2017) il Phys.Lett. B730 (2014) 243-263 Phys.Lett. B776 (2018) 249-264
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Jet evolution in MARTINI

MARTINI? > Event generator for jet simulation in heavy ion collisions
> Compatible with event-by-event 3D hydrodynamic medium
- Radiation : AMY formalism?2 (collinear)

= Formation time of radiation3,t,; ~ k/k7{ 4,_&991 wﬁ@%ﬁ wmw<

= Running coupling in splitting vertex4, s (Q)

> Elastic Scattering® P
ard particles

= 2-2 scattering causing space-like
momentum transfer, q ;{ E; % jﬁi

= Momentum broadening

- Conversion
= quark-gluon, jet-photon, photon conversion

Soft particles
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Leading hadron dynamics

1.2 . . . . .
Pb-Pb @ 2.76TeV 0-5%
I e
- IP-Glasma I.C.! charged hadron
+ e-by-e 3D hydrodynamicsz g [n<1.0
+ MARTINI jet energy loss < }
= 0.6 )
=T S| Su ey P
= Compute charged hadron Raa : __frrﬂ-}-l"* ? }
. ’o_‘ 1]
= Validated event generator to 04?- i
study medium recaoil. 0w _
A == MARTINI
} 1 CMS data
00070 20 30 40 50 60 70 80 90 100
pr (GeV)

1 |P-Glasma provided by Scott McDonald
2 Hydro provided by Mayank Singh
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Recoil in MARTINI

hard parton , - Once ¢ is sampled, k is
P p sampled in a way that &’

satisfies on-shell condition.

momentum K > pews
transfer k' = promoted to a recaoil
ot parton.
s ah ' EF=k+q
koot - Recoil partons can fully
medium recoil participate in jet-medium
parton parton Interactions.
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Recoil in MARTINI
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Recoil in MARTINI

- Typical kinematic cut, p.,; ~ 47T
= Lower bound for the AMY framework.

- Missing contributions :
1. Recoil k' < 4T7?
2. Missing medium energy k?
= Should be treated as sources of medium response.
Ongoing work!
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Jet mass with recoil
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- Two competing effects : Decrease by jet quenching
+ Increase by including recoill
- Competing effects result in small deviation on the jet mass

distribution
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Jet mass with recoil

Poster JET-16 by

Yongsun Kim
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- Two competing effects : Decrease by jet quenching
+ Increase by including recoill

- Net effect yields jet R 4 4 weakly depending on invariant jet mass.
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Jet mass with recoil

11 PbPb without recoil
. pcut:4ﬂ

0.25 ‘ ‘ ‘ ‘ ‘ ‘ ‘ | |
Pb-Pb @ 2.76TeV | anti- kr,R=0.4, charged
0.15 <p”“’f <100GeV/c s11 PbPb with recoil (
% 0.20! 0'10% l |77]et ’ <0.5 | = =& ALICE PbPb 0-10%
5 ® @ ALICE pp (PYTHIAG6, Perugia)
~~—
= 0.15 S t t T t 1
% | 5”% 60 <pi” <80GeV/c 80 <pi” <100GeV/c 100 <p)” <120GeV/c
S /'/ WV
S TH s -
=010 I ’*gk PR i
5 > B F % F& G
-~ e | I % 1 ~ '
Soos & i Ta, i e
g o, ' e i
.\‘\ /I/,/ L4 \‘. /I/ )_‘_Q ‘\Q._._( '/'/I/
0.00% ‘ ‘ Wiﬂh'ilumum—’h ‘ ‘ ‘ #W Syt A ‘ ‘ ‘ S
Y0 5 10 15 20 25 5 10 25 5 10 15 20 25
M (GeV/c*) M (GeV/c? M (GeV/c*)
High jet pr

Increase by including recoill

Low jet pr
Two competing effects : Decrease by jet quenching

Recoil affects on the jet mass
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Jet mass with recoil
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- Recoil on/off are almost same at low pr; they become well
separated at higher pr.
- Recaoll helps the jet mass get enough enhancement at higher pr.
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Jet shape

1 1 Ztr
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- The ratio shows flat shape = 0.8}

6 Pb-Pb @ 2.76TeV (0-10%)

without recoil. <S]~ 06l
- Recoil yields a significant <

contribution to the jet

shape at large angles. 0
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Jet shape with recoill

- Jet shape with Ar < 1:
(caveat) naive comparison
to data.

- Theory shows a rising trend
for the ratio.

- Medium response (< 47T)
would affect at out-of-cone
region more.
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Conclusion

- Medium recoil plays an important role in describing jet structure
observables.

- Recaoll significantly contributes to the jet shape at larger angles.

- MARTINI with recoll can reproduce the measured jet shape and
jet mass.

Future work : Incorporating medium response for contribution

below pey: .
M

> MARTINI is included in the AETSLRAFPE framework.

(
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AMY integral equation
e D

Imaage by G. Qin

2h =iéE(h, p, k)F(h) + g2 / g;j)g C(q_l_){(cs — C4/2)[F(h) — F(h — kqy)]

Integral equation
1 (Ca/2)[F(h) — F(h + Pay) + (Cy — Ca/2)[F(h) — F(h— (p— k)cu)]}

. : m gz
Differential rate to exchange gL €40 = 7y Mo =" (2Ne+Ny)
. 2 2 2 2

Energy difference 8E SE(p k)= — 2 Mk Mok T

\
14+(1—z)2 _
dl'(p,k) _ Csgy 1 1 w x;:fi)z ’ qg>
AMY radiative ~d& “16mpilte T 1xe R < \Ni@imr 979
1+z4+(1—x)4
rate S 9799,
d?h
%h - Re F(h,p, k
X_/(27T)2 Re F(h,p, k),
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Collisional process

All the possible 2-2 scattering diagrams
Hard particles K %
Soft particles E jﬁ
M, =26* (1= 55,

t2

su 9 17  su

Matrix elements

dFel

2-2 scattering dw
rate

2T
K 4pp’

X |M‘2f(kaT)(1 — f(k,7 T)),

dp—p —w)o(k' — k —w)

(B,w,T) = dk/k
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New developments in MARTINI

- Finite-size effects on radiation

S. Caron-Huot and C. Gale, Phys. Rev. C82, 064902 (2010)

C. Park, M.Sc Thesis, McGill (2015)
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 Finite formation time of radiation
- Time dependence is applied in AMY rate : § .
* Implementation : Random walk § %N gT/k Ar Ak
(separation condition ArAk, > | ) 2\ N
>
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% McGill chanwook Park Quark Matter 2018, Venice 19



New developments in MARTINI

- Running coupling

C. Young, B. Schenke, S. Jeon, and C. Gale,Nucl. Phys. A910-911, 494 (2013)

* QOrigin of gs in the AMY rate
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. gz - Gluon radiation vertex — g? — 47TOés(Q)

« INMARTINI, Q ~ (Jk.|) = (gk)*
(kD) = leon —
lcoh:k/<ki>

. g? in the integral equation
. elastic scattering (soft) — fixed
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Jet shape spectrum with recoill
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Jet shape spectrum with recoill

o Looks sensitive t0 peut -

- Compensated by medium
response part.

- 3T: Smaller contribution
from medium response.

- 5T Larger contribution
from medium response.

@ Mc(51l]l chanwook Park
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Jet mass with recoil

- pp baseline is slightly
shifted left.

= Need to be tuned more.

=~ Possiblility to get better
PbPb results.

@ Mc(51l]l chanwook Park
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Jet mass with recoil

20 . 20 . .
pp @ 2.76TeV PbPb @ 2.76TeV 0-10%
anti—k; R=0.4 charged anti—k; R=0.4 charged
. 0.15 <pi*t <100GeV/c 0.15 <pit <100GeV/c
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et et
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- Tuning pp baseline could result in a better agreement for PbPDb.
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Jet Raa with recoil + hole subtraction

1.2 . . .
Pb-Pb @ 2.76TeV 0-5%
- Without recoill, theory shows 1 v e -
too mUCh quenChlng 0.8 -- x:tﬁo:;c?lcj—”hole subtraction
- Recoil + hole subtraction gives
. . . . <
a gualitative description. < 0.6 L A A A a4 A 4
- Treating holes as medium 0,4-';'; 11" ------------------------------
. A
response could improve the IS T T T— .
result. 0.2
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