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Jets in QCD

PP AA

C 1 C il CMS Experiment at LHC, CERN
¢| CMS Experiment at LHC, CERN il Data recorded: Sun Nov 14 19:31:39 2010 CEST
i Data recorded: Thu Aug 26 06:11:00 2010 EDT {| Run/Event: 151076 / 1328520
< 5 LRun/_Ever:_t: 1413‘?60/ 15130265 Y Lumi section: 249
umi section:
\\ Orbit/Crossing: 3614980 / 281
\ T

Jet 1, pt: 70.0 GeV

[O. Saariméki’s (2018)]
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Grooming splittings in jets

The Lund plane: phase space of emissions [Dreyer,Salam,Soyez|
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Grooming splittings in jets

The Lund plane: phase space of emissions [Dreyer,Salam,Soyez|

1.
2.
3.

Find a jet

Recluster with C/A (widest angle first)
Follow the hardest branch (z; > 1/,)
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Grooming splittings in jets

The Lund plane: phase space of emissions [Dreyer,Salam,Soyez|
1. Find a jet 2, / —
2. Recluster with C/A (widest angle first) :T
3. Follow the hardest branch (z; > 1/,) 7 N
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Grooming splittings in jets

The Lund plane: phase space of emissions [Dreyer,Salam,Soyez|
1. Find a jet o / ,/ o~—
2. Recluster with C/A (widest angle first) :TA
3. Follow the hardest branch (z; > 1/,) o
= AN

[HI Jet Workshop 1808.03689] lnl
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Grooming splittings in jets

The Lund plane: phase space of emissions [Dreyer,Salam,Soyez| /
1. Find a jet 2, / —
2. Recluster with C/A (widest angle first) )
3. Follow the hardest branch (z; > 1/,) YN
= A
\\\ \\\

Soft DI’Op grooming [Larkovski, Marzani, Soyez, Thaler|: \\\ \\\

\ N
4. Stop if z; > Zcutﬁiﬁ (with the widest angle) s D

e Free parameters z.,+ and [. N AN
\\\\ \\\\
.\’f)\\ \\\
> >
In—
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Grooming splittings in jets

The Lund plane: phase space of emissions [Dreyer,Salam,Soyez|
1. Find a jet 2 / —
2. Recluster with C/A (widest angle first) :T
3. Follow the hardest branch (z; > 1/,) AN
= \\\ a=1
Noa=2
h a=20
Soft DI’Op grooming [Larkovski, Marzani, Soyez, Thaler|: \\\ /
4. Stop if z; > Zcutﬁlfg (with the widest angle) . ° N\
* Free parameters z., and [. \\\
\\
o \\
\\
Dynamically grooming [Mehtar-Tani, Soto-Ontoso, Tywoniuk]: 1’
4. Find the hardest max(z;9{) In—
i L~ 19

« No cuts, autogenerated jet-by-jet
e Clear physical meaning: hardest k; (a = 1), or biggest m? (a = 2)
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Grooming splittings in jets

12 . ; - '
Hybrid, 0 — 5% — Vacuum
10r Les =0 --+ w/ medresp |
P R /o med res
8 | :l, \ 2 w p o
S %bo 6 .
s | 4/ T
4r DyG(a = 0.7) i
> anti-k | (R =0.2)

%.O 0.2 0.4 0.6 0.8 1.0
0,/R
[Caucal,Soto-Ontoso, Takacs,2111.14768]
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Outline

1. Jets in pp beyond leading logarithmic accuracy

2. Medium-induced emissions

3. Medium cascade beyond leading accuracy

4. Quenched jets beyond leading accuracy?
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Proton-Proton Baseline for DyG

with Paul Caucal and Alba Soto-Ontoso
arXiv:2103.06566
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https://arxiv.org/abs/2103.06566

Jets in QCD

Soft and collinear divergence of QCD:

~——— soft & coll. divergences
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Jets in QCD

Soft and collinear divergence of QCD:

~——— soft & coll. divergences

Factorization of strongly ordered emissions (also virtual terms):

(\;\/

N
v 1V 1V
% A i A
— > = — > X b

Q

sequential algorithm: parton shower
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Jets in QCD

Soft and collinear divergence of QCD:

~——— soft & coll. divergences

Factorization of strongly ordered emissions (also virtual terms):

(\;\/

N
v 1V 1V
% A i A
— > = — > X b

sequential algorithm: parton shower g

Q

15
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Basics of analytic calculation

Probability of (z,9) is the hardest (k = z99): Ra
11 I
P(Z,l9) = 2a 25 .;g \\\\
\\ = 2
R AN
ktg o & ] \\\
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Basics of analytic calculation

Probability of (z,9) is the hardest (k = z99): u
11 Iy
— v o A PN
P(Z,19) 2Q s ,2 \\\
(0.0) n — \\
1 a \\ YL =2
8wl = Y = | | dbm damPiCam, )00 = 295 = 1
=0 m=1 g B,
= exp l— j dd j dz P;(z,9)0(z9% — k) \\\
\\\\
—»
| 1
9
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Basics of analytic calculation

Probability of (z,9) is the hardest (k = z99):

= z9

P( 19)—2_11
z,9) = 2« 3

In k;

Z
(0] 1 n
8wl = Y = | | dbm damPiCam, )00 = 295 = 1
n=0 =1

|
m=

Kig
= exp l— j d9 j dz Pi(Z,ﬁ)@(Zﬁa - K)] /
d2P.(z.9a —
(2, ] )=Pi(Z,19)Ai(ZI9a|a) 1>
dddz ~ In—
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Basics of analytic calculation

Probability of (z,9) is the hardest (k = z99):

P(z,9) = 2&a 11
Z, xS

A (x|a) = i Hfdﬁ dz, P:(z,, 9, )[00c — 2, 98) — 1]

ktg .......... N

= exp l—jdﬁjdz P;(z,9)0(z9% — K)]

d*P;(z,9a)
dddz

= Pi(Z,ﬁ)Ai(Zﬁala) 1
Measuring an observable:

1 1 | VaaE ~
nada a
jdﬁ jdz Pi(z,9|a)é(ky, — z0) = P lerf(\[;lnkg> — erf(\/ac?lnkg)]
g
0 0

1 do
adk

a
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What did the resummation do?”

Probability:

_,1 14+a+a*_, ,1 .
=1—aln + a”In*—+ 0(a?)
kg 6a kg

1 do
2(kgla) = j dkg — T

important when @ In? ki ~ 1!
g
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What did the resummation do?”

Probability:

2(kgla) = jdk’

1 do ~ 1 14+a+a?®_ 1 ~
| =1-aln*—+ a’In*—+ o0(a®)
o dky kg 6a kg
a
important when & In? ki ~ 1!
g
Non-Perturbative =~ Resummation Fixed Order

v

. 0 = Ures®an
.Jres

[Larkoski,Moult,Nachman,1709.04464]
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What did the resummation do?”

Probability:

_,1 14+a+a*_, ,1 .
=1—aln + a”In*—+ 0(a?)
kg 6a kg

1 do
2(kgla) = j dkg — T

a

Hard-collinear correction:
L 2,
5Phc = j dz [PL(Z) —7] = ZCL'Bl'
0

_E 2 _E . 2
Ai(Kla) =e aln K — SAhC(Kla) — e a(ZBlll’lKZ+Bl)
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What did the resummation do?”

Probability:

_,1 14+a+a*_, ,1 .
=1—aln + a”In*—+ 0(a?)
kg 6a kg

1 do
2(kgla) = j dkg — T

a

Hard-collinear correction:
L 2,
5Phc = j dz [PL(Z) —7] = ZCL'Bl'
0

_E 2 _E . 2
Ai(Kla) =e aln K — SAhC(Kla) — e a(ZBlll’lKZ+Bl)

Running-coupling:

o5 (peR)
1+ 2Boas(peR) In(k: /peR)

ast (k) = ~ as(peR)[1 = 2Boas(peR) In(ke /peR)]

—> 85A;;(k|a) ~ exp[#B,a? In k + #L,a> In* k]
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Defining accuracy for jets

Accuracy based on X: NPDL where 2n —p <m < 2n

co  2n
Z(kg|a) = Z Z Crnag In™ (k)

n=0m=0
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Defining accuracy for jets

Accuracy based on X: NPDL where 2n —p <m < 2n

o 2n
Z(kg|a) = Z Z Crnag In™ (k)

n=0m=0

Accuracy based on In 2: N*LL, LL is g;, then g,,41

Z(kg|a) = (1 -+ C(as)) exp[ln(kg)gl(as In kg) + g, (as In kg) - asg3(as In kg) + ]

Systematically well organized expansion to achieve higher accuracy!
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Predictions for DyG

Targeted accuracy is LO+N?DL:

Splitting function at 2-loop

Running coupling at 2-loop

Non-global contributions (large-N,, small-R)
= There is no clustering log
= Boundary logs present

No multiple emission contribution

Matching to MadGraphb

Non-perturbative corrections
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Results - Comparison to ALICE preliminary

Hardest emission inside the jet, k¢ 4 distribution

DyG-a=1 [} DyG-a=2 N
i 4 ALICE 60 < p' < 80 GeV
0L ’ i
= 10 LO+N?DL ! ] < 05, antik, (R = 04) ]
% = LO+N’DL'+NP | == ‘ ]
Fgngg 10_1 ——— ——— —
‘_{|‘.§ —— 1 =T
1072 i . . Ld , . , .
05 20 4.0 6.0 8005 20 4.0 6.0 8.0
kit o[GeV] kit o[GeV]
[ALICE 2009.07172, 2009.12247]
e Sensitive to NP effects.  Good agreement with data.

Adam Takacs

Baseline for AA calculation.
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Medium-induced emissions

with Johannes Isaksen and Konrad Tywoniuk

arXiv:2206.02811
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https://arxiv.org/abs/2206.02811

QCD in a background medium

QCD with medium bkg:

* Colored background Ay(t, x)
* FEnergy is conserved (p"), transverse kick (p)

 Multiple scatterings

Keeping space-time: mixed Fourier space (p*, p, p) — (p*, , 1)

o Kffective propagator:
propag Gs(p*,pe.p7) Gols2(tr, Xp, t, x| p)

> FEE

* In/out-coming legs

o Kffective vertices:

Adam Takacs CERN 2022



Medium-induced radiation

LO radiation in the soft and collinear limit:

2

all medium
configuration
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Elastic broadening

Medium averages:

(Ag(t, A, ) = 8n()6(t — tDy(r —1',t)

Transverse momentum broadening:

y(r,0) = j e97 C0(g, )

a

Broadening kenel: CLRC (q)

10*

102

100 ¢

1072 |

1074 |

1076

10°8

T = 500MeV —
T = 250MeV  ----
LO —

NLO —

IR limit - --
UV limit = -

0.1

1 10 100
Transverse momentum q/(gT)

[Schlichting,Soudi,2111.13731]
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Elastic broadening

Medium averages:

(Ag(t, A, ) = 8n()6(t — tDy(r —1',t)

Transverse momentum broadening:

ﬂﬁﬂ:j~dwfami)
q

In practice:

4o (t)
@ + 122

Cel (CI, t) —

Important nPT parameters:
2

 mean free path: 1 =

§>|’;

Broadening kenel: CLRC (q)

10*

102

100 ¢

1072 |

1074 |

1076

10°8

T = 500MeV —
T = 250MeV ==
LO —
NLO —

N IR limit - --
_ UV limit = -

0.1

1 10 100
Transverse momentum q/(gT)

[Schlichting,Soudi,2111.13731]

* Screening mass: U
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Medium-induced radiation

LO radiation in the soft and collinear limit:

~ St soft and collinear divergences!
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Medium-induced radiation

LO radiation in the soft and collinear limit:

2

dlmie dlmed ‘alvac 7

— - . . . . '
T w— W — # 0 medium induced emissions!

soft but no collinear divergence!

w
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Medium-induced radiation

LO radiation in the soft and collinear limit:

2

arme  2a.C;
w =— Rejdtzjdﬁj P2 - P1 K (P2, ty; 1, t1) — vacuum
P1.P2

dw )

Koty prt1) = 6(p2 —p1)Ko(pr,tz — 1)

to
- f ds j Ko(p2, t; —s)v(q,s)K(p, — q,5;p1,t1)
t1 q

o(q,s) = 5(q) j Cor(@ ) — Car(q, )

q

Adam Takacs CERN 2022



Medium-induced radiation

LO radiation in the soft and collinear limit:

2
arme  2a.C;
w = Rej dt; j dt1j P2 - P1 K (P2, ty; 1, t1) — vacuum
dw w? P1,P2
K (P2 ta; p1.t1) = 6(p2 — P1)HKo(p1, tz2 — t1)
t2
- f ds j Ko(pz,tz = 5)v(q, )X (p2 — q,5;P1, t1)
t1 q
v(g,s) = &(q) J Cer(q,t) — Car(q, t)
q
\ J
Y
analytically / N\ Dumerically
[BDMPS-Z(1997)] 5 [Feal,Vazquez(2018)]
[GLV, Wiedemann(2000)] —p [Andres,Dominigues,Martinez(2020)]
[AMY (2000)] [Schlichting,Soudi(2021)]

36
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Opacity expansion

Exclusive number of scatterings: iterate the kernel

t

:}C(pZJ t2; P1 tl) = 5(1’2 o pl):K:O(plltZ - tl) - ds j(o(pz,tz - S)v(pz - pl,S):K:O(pl,S - tl) + O(vz)

tq
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Opacity expansion

Exclusive number of scatterings: iterate the kernel

t

:}C(pZI t2; P1, tl) = 6(1’2 - pl)jCO(plltZ - tl) — ds j(o(pz,tz — S)v(pz — pl,S)gCO(pl,S — tl) + O(vz)
t1
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Opacity expansion

Exclusive number of scatterings: iterate the kernel

t

:}C(pZJ t2; P1 tl) = 5(1’2 o pl):K:O(plltZ - tl) - ds j(o(pz,tz - S)v(pz - pl,S):K:O(pl,S - tl) + O(vz)

t1

A //
~
( — 2 S/
_L Wc __pL RY
dN=1 2a—<yE—1—ln—>, WKW =—7 /
w ={ 4 w 2 y
dw T _ L, B /
—a—-—, W, K w
o /
— /
/
/
/
/
/
/
L >
In w
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Opacity expansion

Exclusive number of scatterings: iterate the kernel

t

:}C(pZI t2; P1, tl) = 6(1’2 - pl)jCO(plltZ - tl) — ds 17(0(p2,t2 — S)v(pz — pl,S)gCO(pl,S — tl) + O(vz)
ty

N/
Sy D
O/ %
_ .’ We _piL /Y \)/(,)ok//
dJV=1 2a1<yE—1—an>, w K wC_T / ,]\//
@ dw = m Lo / i
—g-—< B, K W / <
L 2 Aw’ ¢ g / e
= / -
( 2 — / //
L /
dJN=2 —a (I) , w <K W, ////
@ dw - L o 2 }\ ————//i ————————————
~ (z—> , W, K w /
. /
L >
In w

(&) Adam Takacs CERN 2022



Opacity expansion

Exclusive number of scatterings: iterate the kernel

t

:}C(pZI tZ; P1 tl) = 6(1’2 - pl)jCO(plltZ — tl) - ds 17(0(p2,t2 - S)v(pz — pl,S)gCO(pl,S - tl) + O(vz)
ty
A /
N/

S D

N %
Y \’/(9‘&//

([ » n / (Ve
B L w / s
L[S e Iy
_ n=1 -3
W— = A o = / //
d(l) B Lac n , wc — / _
az (——) fn (—), WK w / s
Aw -
\ n=1 / -
///
Afp——gE e ———
/
/
/ >
Inw
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Opacity expansion

Exclusive number of scatterings: iterate the kernel

t2
:}C(pZJ t2; P1 tl) = 5(1’2 o pl):K:O(plltZ - tl) - ds j(o(pz,tz - S)v(pz — P11, S):]Co(pl, S — tl) + O(vz)
ty
103 T T T
| OE, a, = 0.28, 4o = 0.3 GeV?, pp = 0.3 GeV
0 T/
S RE). e !
a - —_—, w w —r -
d] /1 le EC c 10
n=1 ’\4| 3
wW—— = 1 o Sl
dw - Lw\" (&, 3
) (o) #(5) oo 107
n=1
10-5F N = .
— N=1+2 .
----- Full numeric
1077 =3 T NI 3
10 10 10 10
w [GeV]

‘8) Adam Takacs
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Resummed opacity expansion

Exclusive number of real scatterings:

Kz typrt) =602 — 1)Kotz — t1) —j

tq

ds j Ko (Dot — ) v(q, $)K Py — G5 P1r )
q —_—

”(q,5) = 5(q) f Cor(@ ) — Car(q, ©)
q

Adam Takacs CERN 2022



Resummed opacity expansion

Exclusive number of real scatterings:

K2ty 1, t1) = (P2 — PA(L ty) Ko(pr, tz — t1)
f2 A(t to)

— | ds
tq

t
A(t,ty) = exp [— j ds j Cel(q)]
to q

j Ko (Do ta — ) Cot (@)K (P2 — 4,5 Poy t1)

Adam Takacs CERN 2022



Resummed opacity expansion

Exclusive number of real scatterings:

K2ty 1, t1) = (P2 — PA(L ty) Ko(pr, tz — t1)
2 At t
_j ds ( 0)
t

j Ko(Parts — ) Cor(@ K (Do — 4,5 D1 1)

t
A(t, ) = exp [— f ds j Cal@)
to q ]

Adam Takacs CERN 2022



Resummed opacity expansion

Exclusive number of real scatterings:

K2ty 1, t1) = (P2 — PA(L ty) Ko(pr, tz — t1)

2. A(t, to)
— ds
t1 A(Sl tO)

j Ko (Do ta — ) Cot (@)K (P2 — 4,5 Poy t1)
q

t
A(t,ty) = exp [— j ds j Cel(q)]
to q

Opacity expansion, L < A
dl

—_— = L g w A ZA
Y dw <CYZZgn<—),a) < wpy =ZGC K

Adam Takacs CERN 2022



Resummed opacity expansion

Exclusive number of real scatterings:

K2ty 1, t1) = (P2 — PA(L ty) Ko(pr, tz — t1)
2 At t
_j ds ( 0)
t

j Ko(Parts — ) Cor(@ K (Do — 4,5 D1 1)

S, 0)
A | /
t %I /
Meto) =exp|~ | ds | Cat@ 5 /
to q | //
| /
I /
- |/
( : : - | /
Opacity expansion, L < A — | /
dl o0
dw —Z yW K Wpy = T W = —— |
A (,()BH L 2 /
n=1 - —
Sy
Y
£ >
Inw
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Resummed opacity expansion

Exclusive number of real scatterings:

K2ty 1, t1) = (P2 — PA(L ty) Ko(pr, tz — t1)

2 At to)
- dSA(S t ) jCO(pZItZ _S) Cel(q,S)S‘C(pz — 4,5 P1, tl)
t » 0/ Jq
! 103 - - -
t ROE a; = 0.28, gy = 0.3 GeV?, it = 0.3 GeV
A(t,to) = exp|— | ds | Cula) .
t L
0 q 10 '--.,,,\ T
10-1 e RS S N
o ~ \\\\ %
) . ~| 3 \\\ \\\ SN f
( Opacity expansion, L < A ‘”|3“" . 07
dl o0 - N J
w— =< _ L w A . 'lel 1077} \\\\ \\Z:?O. 1
dw azz In (1)_ , W KL Wy = Za)c = T M ‘\if?/]
= BH .
k n—l 10_5 I NT’ — 1 \\\\\\
— N, =1+2 T
----- Full numeric
10773 = o 3
10 10 10 10
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Improved opacity expansion

Expansion around soft scatterings: v(x, t) = v19%(x,t) + dv(x, t)

to
Kuo(xy,t5;x1,t1) = Ko (¥, 55 x1t1) — ds J Ko(x2,t2;¥,5) vHO (¥, s)Kyo (¥, s; x1t1)
i1 y

ts
K(xy,t2;%1,t1) = Kyo(y, 55 x1t1) — J de Ko (x2,t;¥,5) 6v(y, s)K(y,s; x1t1)
i1 y

Adam Takacs CERN 2022



Improved opacity expansion

Expansion around soft scatterings: v(x, t) = v19%(x,t) + dv(x, t)

tz
Ko (Xo, t2; %1, t) = Ko (¥, 55 2181) — | ds J Ko (X2, t2; Y, 8) v (¥, ) Ko (v, 55 x1t1)
tq y

ts
K(xy,t2;%1,t1) = Kyo(y, 55 x1t1) — J de Ko (x2,t;y,5) v(y, s)K(y,s; x1t1)
i1 y

P
-
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Improved opacity expansion

Expansion around soft scatterings:

v(x, t) = v9(x,t) + sv(x, t)

tz
Ko (Xo, t2; %1, t) = Ko (¥, 55 2181) — | ds J Ko (X2, t2; Y, 8) v (¥, ) Ko (v, 55 x1t1)
tq y

ts
K(xy, ty;x1,t1) = Kyo(y, s; x1t1) _J dsf Ko
i1

dI"° _qL?
w = well known for wpy K w K w, = —
dw 2
d[NnHO _ HO with é[\ — qeff: w KL W,
“Tdo Opacity expansion, W, K w

InL

WpH

In w

Adam Takacs
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Improved opacity expansion

Expansion around soft scatterings: v(x, t) = v19%(x,t) + dv(x, t)

to
Kpo(xa, ty; x1,t1) = Ko(y, 55 x1t1) — dsj HKo(x2,t2;¥,5) v (y, $)Kyo (¥, s; X1t71)
i1 y

t?
K (%3, t5;%1,t1) = Ko (¥, 55 x1t1) — J dsf Kno 10? | , |
! y IOE ar, = 0.28, Gy = 0.3 GeV3, 11 = 0.3 GeV
10"
dIHO qLZ =
W = well known for wgy K w K w, = —
dw 2 -1 T,
S[E
3
n . A A =31
diN"HO  (HOwith§ - Gefr, @ K 10
W = . .
dw Opacity expansion, W, K w
|
—— HO+NHO
----- Full numeric :
1077=3 T AT e
10 10 10 10
w [GeV]
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Summary of medium-induced emissions

The emission phase space

/ A :
—» 5
\ multiple soft
N 0
a0 | scatterings
- .8
~
~J O o
= I =
SCR
rare hard /
A S scatterings e ‘
/@Q E \

Inw

Adam Takacs CERN 2022



Summary of medium-induced emissions

The emission phase space L
L Il/
7
103 -

as = 0.28, o = 0.3 GeV3, i = 0.3 GeV
t=10.04 fm |

.........

| —— Analytic LO

----- Full numeric
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Defining accuracy for the

medium-induced cascade
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Multiple induced-emissions in the plasma

Soft and collinear divergence of QCD:

2 2

Factorization of strongly ordered emissions (also virtual terms):

2 - 2 2

N
v 1V 1V
% A i A
— : = — e % =

sequential algorithm: parton shower g

Q

56
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Multiple induced-emissions in the plasma

Soft and collinear divergence of QCD:

2 2

Factorization of strongly ordered emissions (also virtual terms):

| g‘@/ﬁg < |y

N~

CERN 2022



Application: medium-induced cascade

Medium-induced fragmentation function:

dN
D(x,t) = x—
dx

d?1 D (X t) jld d?1
e 2, “ % dzdt
VA

dzdt

1
d0:D(x,t) = f dz D(x,t)

e similar to DGLAP!
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Application: medium-induced cascade

~J ~J
= = I ‘
/ /
| | /G/\l /\?/\l | |
Inw Inw ¢
10° — 5 - 10° — S -
as = 0.28, qo :E 0.3 GeV?, .. HO o, =028, gp = 0.3 GeV©®, . HO
p=0.3 GeV, ti=0.04 fm p=03GCeV, t+4fm
107! i — Ful 107! !
i i i there are
. | | differences,
el ! :
| | but how to
; | | quantify?
105 BH ! gLV 105 BH | LPM | GLV
107 1074 1072 10° 1076 1074 1072 10°
X X
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Examples for the accuracy

Energy-loss probability:

0o k
P(e) = Z kirln_:[lf:dtm jp dw,, da)md [5 (g — Zma)m> — 1]

Quenching weight:

” Lo d?l
— vVE — —vo _ 1
o) jo de P(g)e” exp ’jo dt 0 dw Todt (e )}
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Examples for the accuracy

Energy-loss probability:

0o k
0= 5 T [ [t o~ )

Quenching weight:

” Boope o d?l
— vVE — —vo _ 1
o) jo de P(g)e” exp Uo dt 0 dw Todt (e )]

Medium-induced fragmentation function:

2]

1
D(g,t)—jo dZZdZdt

d.D(x,t) —j dz D(x,t)

dzdt

xXE

No emission probability (Sudakov):

t
A = =
(t,ty) = exp [ jt 0 dt Todt
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The accuracy of the medium-induced cascade

Hint of accuracy A < L: ( L

n=0
L al ={a wcz ! KoK
“dod T | Nw LnoZwypzm O e =

- L w, W /
7 — —\ o >
“Z(a w) h"(ac)’w"«w In w

nlL
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The accuracy of the medium-induced cascade

Hint of accuracy A < L: ( L& w
C_{ZZ fn (E)) w << wBH) A
n=0
P ‘“CZ ! K w L =
W Jodl a wn_oanf(w)/Hzgn' wpg K W K Wy, —
= L @\" w
S e L
1w ®, In w
\ n=0

Accuracy using the Sudakov:

L L
NCZ(fl lnz -|'f2)+ C((gl /1+gz lni +gg)+ aﬂ.(hl 127+h2 - In T-th)
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The accuracy of the medium-induced cascade

Hint of accuracy A « L: ( e ( w ) « A
QIZ fn E ’ w WBH>

L al ={a w"i ! KoK 2
N aodl ™ | No Lingiye oo oo 8

- L w\" w /
_ - c h o — )
“Z(a w) "(50)’%«0) In w

[

Accuracy using the Sudakov:

L
NCZ(fl lnz -|'f2)+ C((gl /1+gz lni +g3)+ aﬂ(hl 127+h2 - In T-th)

* g4, hq: soft limit, fixed coupling, infinite medium size
* f1, 92, hy: finite medium, hard-collinear correction, running coupling, etc.
e See also: small medium, finite mass, etc.
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Summary

* Understanding jet modification in medium

e Jets in “vacuum”: * Medium induced cascades:
= all order ag expansion = all “medium” order expansion
" resummation and accuracy: " resummation and accuracy:
large logarithms large medium power correction and
logarithms

e Interplay between vacuum and medium accuracy
» Factorization of vacuum and medium emissions

= Low-pT jets vs. small medium, heavy-quark jets
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Thank you for the attention!
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