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ETSIN HEAVY¥ION COLLISIONS

ol CMS

¥ strong modibcations ; I

- jetyields g S
- dijet energy imbalance §§j:¢ ..... w,
- intra-jet structure ol

- correlations T Petp en

¥ hope:can be used as probes of the mediizn (
tomography

¥ transport coefbcient andgeometryl
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observables are generally complicategsult of
(in)elastic interactions with the underlying medium
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observables are generally complicategsult of
(in)elastic interactions with the underlying medium

Interface of jets w/ mediuamulti-scale problem!

top-down approachmedium effects in presence of jet:
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EVENT-SHAPEOBSERVABLES

Thrust/Jet ma:
2 2 T! 1
tro1r T e, M

Q2 Q

¥ consider for the moment e+e- collisions
¥ next stepin the presence of a thermal bath

¥ t! 1:two narrow jets propagating through a cloud a
soft gluons

¥ how is the energy Bow modibed?
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MOTIVATION

¥ introduction of non-perturbative effects is important
INn the context of strong-coupling determination

¥ universality of Oshape functionO for many event shape:
¥ soft gluon Row at large angles

¥ medium

- how does sensitivity to medium scales enter from
brst principles?

- EFT approach: matching
¥ approachprst principle expansiomgifresummation)
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[HE ROLEOF POWERCORRECTIONS

1 1

L, (Q),Int, — +0 —
Lo dtlpy © 0 ST Qt Qt
\ 1 d! ©Qt d! (t—"/Q' )
~ dll.I: (Il . u) PT 1 l'l
Lot (1) dt ’ dt

¥ 1 gresums PT
- "JdIn™t/t + power correctiong/(Qty

¥ end-point region: jet m&ss Q4 " #oco?
- Q-Independent shape function

- Prst mom: shift of PT distribution
- higher mom: hemisphere correlations

FCL"R)=TCR)TCL)+ " T(°L,"R)
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HIERARCHYOF SCALES

1 d2"dijet ' : | !
= Ho(Qp)  diI"dl' Jy(MF" QI ,w)32(MZ ™ QI ,ws(*, 1", )

"o AMZ dM 2

A
¥ factorisation of the dijet cross-section
- hard cross sectio@:
- jet masir ~Qt'?
- energy of soft gluonrkt
- newtemperaturel >#qcp

+— Hu! Q

—_ HJIQE

4+ Hus! Qt
¥ physically: soft gluons cannot resolve the inner
structure of jets 41 T

- |ets = Wilson lines

¥ independence of the hard scale of the collision T QCD
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[HE SOFTFUNCTION

$ )
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PRlXUS" — q+ |XUS"
|l R

PLlXUS" — ql |XUS||
1" L

¥ hemisphere soft function: most general object

¥ permits a moment expansion (" la OPE)

¥ left/right soft momentum operators debned with general
energy (3ow operator
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SCHWINGERKELDYSHFORMALISM

i
A, belds T, Insertion:
0 > —
Y A, belds
!
11 .
A=—- A+ A
2
= Al A

K. Tywoniuk (CERN

¥ double the beld content
- time ordered Pelds: amplitude
- anti-time ordered belds: c.c.

¥ time-contour ordering

¥ calculation of weighted cross-
sections

¥ Keldysh (ra) basis: classical
correspondence

- Implementation of medium
effects (TFT) straightforward
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DEFINITIONOF THEDETECTOR

- e, e
E(e) = dx-  lim x2 =

-I_l'l (X+ e—|—X" é)
" X+ #! eae

¥ what are the quasi-particles that propagate in the
presence of background?
¥ free stress-energy tensor: proportional to in-coming beld

¥ picks up positive frequencies on the forward light-cone
- Ccut procedure
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EXPANSIONOF WILSON LINES

o \ .
Un(0) = Pcexp ig  dt[n aAZ(nt) %n 4A3(nt)] T s

”~
”~

| 0 ( -

For dijets  Whna(0) = N¢ *tr{U; (0) U, (0)}
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EXPANSIONOF WILSON LINES

”~

I | | e

U, (0) = Pc.exp ig dt [n 4AS(nt) %n aA5(nt)] T ,//
1 I 0 ( ’

”~

For dijets  Wng(0) = N¢ *tr{Ug (0) Uy (0)}

[ )
nab k

N O' dtydty | ! 2(ty) ! !3(tzﬂ!ﬁ(t2)! 13(ty) RD—>—

- v,

Wig (0) = (ig)?
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EXPANSIONOF WILSON LINES

P L

U, (0) = Pc.exp ig dt [n aA3(nt) %n dA5(nt)] T
v 0 ( ]

For dijets  Whna(0) = N¢ *tr{Ug (0) U, (0)}

[ )
5 nab ! * + Kk
W3 (0) = (ig)?; dtzdta|! 2(ty) !3(tzﬂ!ﬁ(t2)! 13(t2) R—>—
2N,
- y
a | ’ )
W3 (0) = (ig)®  dtadtadts
0
abc 1 * * * =
P It 1300 10t () 1S ! 5t
¢ O
Einteresting structure emerge ===
. J
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W ILSONLINESA NOVELRECURSION

KT, Casalderrey-Solana, Pablos (2016, in preparation)

| +
U, (0) = Pcexp ig dt[n aAj(nt)! naA3(nt)] T?
0
| Kk "k #
. I
U, (0) = (ﬂ) dt; ul9 (tq,..., t)

k ] =1

& *N j
Time-ordered contribution at (M) = 20 i T

order n: e
: LEin )
- )

Ti.n =T . ne1# Ky

OrotationO operat  ¥! Kn" [¥ Ai]+ {¥,ni/ 2}

with initial condition Ty = !1/2
\_ )

K. Tywoniuk (CERN) 12 VFQCD 07.10.2016



CORRELATORDEFINITION

CH 00 (X, ) = AT {TER (x0) . TH 17 (X)W (0)} S

* study the correlation of stress-energy | X5
iInsertions N all cumulant structure | |

* allows to specify what modes reach thex*:
detector

* systematic expansiongn

,, ,, " H
at d N Ms 1t T rapNp Mg !
0 0 X5
oM ¥
= d’e"(ef %1) wk(en)  w.(em)t E(e1)...E(en)%
j=1 n=1 m=1
1T 1 oo
P/, = 5 d cos$ d%wy,,, ($) E($, %9
1 0
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| EADING ORDERFIRSTMOMENT

R—r—K——R®

¥ only vacuum contribution
- easy Iin ra basis!

Y PT$(k2)=%usk2)/K2 &)=

- including higher-order # st o
correction to get runninQs

- rapidity independent density | (k?)Cr

A
¥ IR: substitute by NP density ' ousp (K*) =
¥ UV sensitivity

: UZ
dk “ |k [#(k?)

K. Tywoniuk (CERN 14 VFQCD 07.10.2016



SFCOND MOMENT. MEDIUM

1 1 T |k| H
= 1@ (g, | = k? [KI2$(k? h
G(e1, e2) (e1! e2); St E . dk“ |k[*$(k“) cot >T sind

¥ brst medium contribution gt R—>—XK - - - ¥—e—®

- on-shell thermal Ructuations

¥ rapidity dependence: effective
temperatureles(&) = T/coshf)

¥ no correlation between
hemispheres

- expected to appear &(d¢')
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MOMENT RESUMMATION

d) | |t "o
S(| = —.e'l % ' Pro
( +) 2$| /
H o + HZ N k2 7V . ( ) oL
"1 Pr g - 1 d k2 ( (k%) ) g ! Ikle' " coth [kjcosh™/ @T) 4 4
e 7 =P 5 0 0 coth '[k|cosh!/(2T) ©
. : ~1
im sy 1 o
—0
O(or):cumulants = moments .
¥ 0(9) SO )1 11" "#Pr$

¥ OtubeO/string model wg#h3

- boost-inv. rapidity density of gluons S
- NP gluon density not modiPed in
medium! . -

¥ broadening of the distribution | \!GGV

K. Tywoniuk (CERN 16 VFQCD 07.10.2016




NLO CONTRIBUTIONS

Q
P
\

KT, Casalderrey-Solana, Pablos (2016, in preparation)
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NLO CONTRIBUTIONS

\ / \ /
N /7 \ /
~ o -
-
7’
o XL ~

TFT: collinear

. X ~ divergences T!

KT, Casalderrey-Solana, Pablos (2016, in preparation)
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¥ collinear divergences cured by HTL resummation
- particles acquire thermal mass! k* + m?

- matching of divergences provide UV regularisation
for divergent HTL integrals

- off-shell degrees of freedom: space-like correlation

¥ small-angle regime: LPM effect

- novel power counting withys

- resummation (AMY)
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CONCLUSIONS

¥ universal shape function in the vacuum

¥ clean theoretical setigeparation of jet and medium scales

¥ O(9):
- on-shell contribution N temperature broadening
- modibcation of the OtubeO model

¥ O(d):
- sensitivity to in-medium dynamics
- emergence of LPM physics: resummation

¥ application to other observables
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BACK-UP



UNIVERSAISHAPBE-UNCTION
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