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JETS IN HEAVY-ION COLLISIONS
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— correlations jetp_ (GeV)

e hope:can be used as probes of the medium (jet
tomography)

* transport coefficient ¢ and geometry /.
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observables are genera
(In)elastic interactions w
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icated: a result of

nderlying medium!

interface of jets w/ medium: a multi-scale problem!

top-down approach: medium effects in presence of |ets!
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EVENT-SHAPE OBSERVABLE

Thrust/Jet mass
M2 M
Q2 Q

t=1-1T ~

® consider for the moment e+e- collisions
® next step:in the presence of a thermal bath

® t«/:two narrow jets propagating through a cloud a
soft gluons

® how Is the energy flow modified?
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MOTIVATION

® |ntroduction of non-perturbative effects is important
in the context of strong-coupling determination

® universality of “shape function” for many event shapes
e soft gluon flow at large angles

® medium:

— how does sensitivity to medium scales enter from
first principles?

- EFT approach: matching

e approach: first principle expansion in g (resummation)
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[HE ROLE OF POWER CORRECTIONS

1 do 1 1
" P:T o (%(Q)a Int, @) + O(@)

\ Qt B .
1 daN/O def(e;,u)dUPT(t e/Q; 1)

Orot(t) At dt

Otot d

® ogopresums Pl
— a1/t + power corrections 1/((Q1)*

 end-point region: jet mass? ~ Q% » Agcr?

- (-Independent shape function

: , : : Webber PLB 339 (1994) 148
— first mom: shift of PT distribution Manohar, Wise PLB 344 §|995; 407

Korchemsky, Sterman NPB 437 (1995) 415
Korchemsky, Sterman NPB 555 (1995) 335
Korchemsky hep-ph/9806537

o Korchemsky, Tafat JHEP 0010 (2000) 010
fler,er) = f(er) fler) + Af(er,er) Dokshitzer, Webber PLB 352 (1995) 451
Dokshitzer, Webber PLB 404 (1997) 321

- higher mom: hemisphere correlations
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HIERARCHY OF SCALES
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— OO

® factorisation of the dijet cross-section
— hard cross section: 0

— jet mass: Mg ~Qt'"?
— energy of soft gluons ~Qt
— new:temperature T>/gcp

® physically: soft gluons cannot resolve the inner
structure of jets

— Jets = Wilson lines

® independence of the hard scale of the collision
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[ HE SOFT FUNCTION

® hemisphere soft function: most general object
® permits a moment expansion (a la OPE)

o |eft/right soft momentum operators defined with general
energy flow operator

Belitsky PLB 442 (1998) 307
Korchemsky, Sterman NPB 555 (1999) 335
Belitsky, Korchemsky, Sterman PLB 515 (2001) 197
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SCHWINGER-KELDYSH FORMALISM

- ® double the field content

A, fields T, insertions — time ordered fields: amplitude

> } — anti-time ordered fields: c.c.
0 >
Ao folds ® time-contour ordering
Y 2
_ipl ® calculation of weighted cross-
sections
_ 1(A1 + Ay) ® Keldysh (ra) basis: classical

j y correspondence

= A — A2

- Implementation of medium
effects (TFT) straightforward
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DEFINITION OF THE DETECTOR

A, a A, v, b

E(e) = / dz_ lim z7 “uCy THY (x1e + x_€)

50 X4 —00 AN

® what are the quasi-particles that propagate in the
presence of background!

® free stress-energy tensor: proportional to in-coming fields

® picks up positive frequencies on the forward light-cone

- Ccut procedure Sveshnikov, Tkachev PLB 382 (1996) 403
Cherzor, Sveshnikov hep-ph/9710349

Korchemsky, Oderda, Sterman hep-ph/9708346

Korchemsky, Sterman NPB 555 (1999) 335

Belitsky, Korchemsky, Sterman PLB 515 (2001) 197

Belitsky, Hohenegger, Korchemsky, Sokatchev, Zhiboedov NPB 884 (2014) 305
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EXPANSION OF WILSON LINE

U,,(0) = P, exp {ig/OOO dt [ - A%(nt) — n - A%(nt)] Ta} 7

For dijets:  Wan(0) = N 'tr{U,; (0) Un(0)}
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EXPANSION OF WILSON LINE

U,(0) =P.exp {z’g /OO dt[n- Af(nt) —n - AZ(nt)] T"’} M £
0 o
For dijets:  Wan(0) = N 'tr{U,; (0) Un(0)}
8 )
(2) . 5ab 00 k
Wi (0) = (i9)" 53 N, /. dtldtl@l) - 773(1529(773(152) — 5 (t2)) R—>—
- v,
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EXPANSION OF WILSON LINE

U,(0) = P.exp {z’g /OO dt[n- Af(nt) —n - AZ(nt)] T"’} M £
0 2
For dijets:  Wan(0) = N 'tr{U,; (0) Un(0)}
g h
2) 5ab 00 k
Wan (0) = (ig)° o3 N, /. dtldtl@tl) - 773(1529(773(152) — 5 (t2)) R—>—
U J
g o0 Z‘fabc 1 - h
Wi (0) = (ig)® /O dt dtadts [Tc@m(ni(h)flﬁ(tz) = (11) A% (t2) )| (115 (t3) — 5. (1))
+ d]i[c % (i (t) = m(00)) (b (12) — b (22)) (mfy (t3) — 75 (83) |,
. 4l .
...Interesting structure emerges! s
N y
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WILSON LIN

=50 A NOV

-|. RECURS
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KT, Casalderrey-Solana, Pablos (2016, in preparation)

U,,(0) = P, exp {z’g /OOO dt [ - A%(nt) — n - AS(nt) Ta}

. k
U, (0 Z H/dt ulF (ty, .. te)
~ - ™
Time-ordered contribution at ~ ¢,(®) — Z 20, T .
order n: 015 etn =1
. 117 . Fln y
4 )
I, . .n=11.. . n-1 0K,
“rotation” operator e ® K, = [e, A;] + {e,n;/2}
with initial condition; 11 = 11/2
\_ J
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CORRELATOR DEFINITION

O () = (T ATS (@) - T () Wan (0)})

* study the correlation of stress-energy X X3
insertions — all cumulant structure

* allows to specify what modes reach the
detector

* systematic expansion in g

/ drt / di- MM (1,17) = (PrVPLM) X
N+M N

/H d®e;d( e — 1) 1;[ =(en) l;Ile(em)<5(el)...5(€N)>y

1 1 27
Pr/r, = 5/ dcos@/ dpwg /., (0) E(0, ¢)
1 0
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| EADING ORDER: FIRST MOM

® only vacuum contribution
— easy In ra basis!

o PT: p(k?) =T cusp(k?)/k? Gle) = —
— Including higher-order

correction to get running ;s

— rapidity Ing

e |R:substitute

o UV sensitivity

K. Tywoniuk (CERN)
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SECOND MOMENT: ME

1 1
Gler,ex) = 6P (e; —ez)—

4

* first medium contribution at g
— on-shell thermal fluctuations

* rapidity dependence: effective
temperature lef(n) = I/cosh(n)

® NO correlation between
hemispheres

_ expected to appear at {g?)
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MOMENT RESUMMATION

S1) = [ et (evrny

271

2
< _VH])R — exp / dﬂ/ dk 2 k ) <€—1/|k:|e77 coth [|kz|coshn/(2T)} o 1)
coth | |k]cosh77/(2T)]

i +Y ~ (7H)ePT L
l+1f05(l )~ (I7)
SOT) =6 (1" — (Pr))
® ‘tube’/string model with apr=3 . Shapefuncion

020"

- boost-inv. rapidity density of gluons
— NP gluon density not modified in s i
medium! | L

0.10+

- : : : ﬁ * T=0.45 GeV
® broadening of the distribution | \

0.00 -

€(g?): cumulants = moments

S(I™)
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NLO CONTRIBUTIONS

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

\ / \ /
N P \ 7
~ o -
-
5 : : s
o XL ~

TFT: collinear
divergences oC T!

KT, Casalderrey-Solana, Pablos (2016, in preparation)
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® collinear divergences cured by HTL resummation
— particles acquire thermal mass: k% — k% + m2

- 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 with Lius

— resummation (AMY)
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CONCLUSIONS

® universal shape function in the vacuum

® clean theoretical setup: separation of jet and medium scales

* g);
— on-shell contribution — temperature broadening
— modification of the ‘tube’ model

* g
— sensitivity to In-medium dynamics
- emergence of LPM physics: resummation

® application to other observables
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UNIVERSAL SHAP

-UNCTION

: ~
1 do - dRPT(t) DL 4CVS(Q) ,
Ot dt lpr dt ] B (1) = exp <— 37 "1
: 1 do
: _ t
SCallﬂg. prl I QF(Qt)
) Y
<€—Vt> — <e_ / de e—z/e/Q f(f’f ,LL)

\ R(t / def(e;ﬂ)RpT<t— %s#)

RO = Rea(t) — S ()4 5L R (0 - R 0]+

Catani, Trentadue, Turnock, Webber, NPB407 (1993) 3
Korchemsky hep-ph/9806537
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