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Jet production

Heavy flavor jet

Motivation

| @ is characterized by large cross sections and has been |
. measured with unprecedented precision in comparison }
to other high energy processes |

1 ® reveal the fundamental thermodynamic and transport |
| _properties of the QGP in A+Acollisions |

o is dominated by the quark initialed process compared |
- to light jet '

experiences the full evolution of the hot and dense
medium produced in ultra-relativistic heavy ion
collisions

| @ seems to lose less energy; used to study the energy
|_loss mechanisms in QCD medium

This talk is about the inclusive heavy flavor jet production
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In p+p collisions



Inclusive jet Production
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Inclusive jet Production

TY 7Y

Q—)JQ g%JQ

Using SCET with finite quark mass
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Resummation

The SiJFs Evolve according to DGLAP-like equations

scales
d ( JJQ/s(xnu) ) _ / dZ( PCIQ(Z) 2P, g9q(2) ) ( JJQ/S(:E/ZWLL) ) Lh ~ DT
dlnp? \ Jj,/q(z,p) 27 z \ Pyg(z)  Pyy(z) Jr.a(x/z0) ) n R f
P;; is the usual Altarelli-Parisi splitting function 2 o
|4
: n— | &
We use the Mellin moment space approach to solve U prR T
this equation. — Mg
Aqep

Mlgnﬁgzg(pTR m = 2 Z Kl/g pTR m ,LLF)DQ/Z(TTL /LF)

[— qQ E

the integrated perturbative the integrated parton fragmentation
kernel at the jet typical scale function from parton / to parton Q
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b-jet in pp collisions

9 l - _ - T T .
10 B p+p. Vsun=7 TeV W 1y1<05 (x 625) 0.04E e lyl<0.5

Anti-k, R=0.5 UAE i
8 & 0.5<lyl<1 (x 125) 0.02 —
10 = i<5|y:<|1<; Ex 2)5) - = p+p  [Sw=7TeV  Anti-k; R=0.5 | [NLO - 3
S<lyl<2 (x — | : —t————t—] -
S - 0.02F —
> L - — I NLO+LL I
> L. | A 0=, : : ] —
~ [<P] — =
:.é __ .2 0.04 :_ - 1<|y|<1.5 ]
g g 0.02E " Sesis -
=10*— = - -
g - ° 0= : : et} —
“-‘2 3 Y 0.04F. MO 15<yi<2 =
- °'°2:E=i—h
-~ [ NLO+LL — i i "+ .
0.04E 5 24yi<2.2 E
‘ o opt A
1 _| | | | | | | | | O __ 1 1 1 | | | | | | _:

20 30 40 50 60 70 100 200 20 30 40 .50 60 70 100 200

b-jet p_ (GeV) b-jetp_ (GeV)

@ data are consistent with the predictions

® for the ratio the difference between NLO+LL and NLO
can be traced also to the differences in the inclusive jet
Cross section



c-jet in pp collisions
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@ the InR resummation changes the c-jet cross section by about 10%
@ but with larger theoretical uncertainties

® the NLO+LL c-jet fractions agree better with CMS measurements
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In p+A collisions



Corrections in P-A collisions

Assume the factorization works in heavy ion collisions:

replaced by Nuclear PDFs

dopa—j+x _ 2pr L/l dx, t/1 dxy,
dprdn g Z pmin_ Tg fa(xaa,u) i T fb(xb,,u)
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X
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Tyfelze, wy tan(R!/2),mq. )|

the short-distance hard
part remains the same Not changed

p-A collisions can be used to study the nuclear modifications at the
Initial state of the collisions, which is is crucial for the interpretation of
the A+A results

10



Nuclear Effects from initial state

There are many studies about the global fits of nuclear parton distributions (nPDFs) ,
such as nCTEQ collaboration

NnPDFs for a nucleus with atomic mass A and Z protons:

A A—Z
fCL/A(aj?M) — Zfa/p | A fa/n(aj)

As the parton from the proton undergoes multiple scattering in the nucleus
before the hard collisions. They are implemented as shifts in the lightcone
momentum fraction of the incident parton in the PDFs

X

faya(a, ) = fq/a (1_6 »M)» fara(@, ) = fga (11 ,u) -

At the high transverse momenta, only cold nuclear matter energy loss effects
might play a role
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RAA In p-A collisions

In p-A collisions, there is only initial-state cold nuclear matter energy loss

2
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Fitting a constant to this measurements
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JH; ““““““ [ “““““““ % ““““ 3 M : large uncertainty
= 1 Measurements: @ not enough to exclude the cold
- Anti-k; R=03 In  I<0.5 Bottom Jet - nuclear m atter eﬁects
~ 400 200 300 400
jet P, (GeV)
very little with jet transverse momentum and scale variation
Predictions: there is not an obvious difference between c-jet and b-jet

iIn Pb+PDb collisions the effects will be amplified
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In A+A collisions
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Corrections in A-A collisions

Assume the factorization works in heavy ion collisions:

replaced by Nuclear PDFs

dosa—ivx _2pr 2/1 dx bode
dprdn s pmin Tq Lmin T

a,b,c
dz,

T3je(zesw; tan(R/2), mg, 1)

the short-dishce hard
part remains the same
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Corrections in A-A collisions

Assume the factorization works in heavy ion collisions:

replaced by Nuclear PDFs

doaasgrx
dedn N xmn xa pmin ij
7 -—
the short-distance hard encode the*eﬁects when the jet

part remains the same evolving in the QCD medium
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Corrections in A-A collisions

Assume the factorization works in heavy ion collisions:

replaced by Nuclear PDFs

doaasivx
dprdn
the short-disance hard encode the*eﬁects when the jet
part remains the same evolving in the QCD medium
12 | ety 0 10
for light jet see the work :50_8:
Kang, Ringer and Vitev 2017 “oo
04 +
0.2 -
. SCETg, NLO+NLLp

50 100 150 200 250 300 350 400
pr
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Jet functions in QCD medium

Vacuum jet function: 7, =

Medium corrections: e

@ Medium induced corrections to the
LO jet function.
@ Only in-medium jet energy dissipation
due collisional interactions is allowed. O Medium induced corrections to
the NLO jet function
O Vacuum radiation along with

med _ gmed,(0) | ymed,(1) corrections from the medium-
Jq /i Jo /i Jo /i )
; induced parton shower
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Corrections in QCD medium

med, (0) iN . - 5pZT B B
JJQ/i (2, pr, 0p7) = 200 [5 (1 2 o —|—5p?p> (1 z)]

The transverse momentum shift was derived from a operator definition
Neufeld, Vitev, Xing, 2014
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Corrections in QCD medium

med, (0) iN ' - 5p;_LT B B
JJQ/Z. (2, pr, 0p7) = 200 [5 (1 z o —|—5p3’f) (1 z)]

The transverse momentum shift was derived from a operator definition
Neufeld, Vitev, Xing, 2014

Medium corrections to the NLO jet function are written in terms of integrals over
splitting functions.

for example S I I
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Corrections in QCD medium
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Medium induced splitting

The medium induced splitting functions were derived from the framework of SCET
with Glauber gluons up to the first order of opacity.

SCETg  Using background field method,  A* = A + A¥ 4 A%,

Then Feynman Rules with Glauber interaction can be derived
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Medium induced splitting

The medium induced splitting functions were derived from the framework of SCET
with Glauber gluons up to the first order of opacity.

SCETg  Using background field method,  A* = A + A¥ 4 A%,

Then Feynman Rules with Glauber interaction can be derived

The splitting function are obtained by calculating the diagram:

dN |,

+ 2Re
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SCETq

Medium induced splitting

The medium induced splitting functions were derived from the framework of SCET
with Glauber gluons up to the first order of opacity.

Using background field method,

AF = AF 4 AP 4 AR

Then Feynman Rules with Glauber interaction can be derived

The splitting function are obtained by calculating the diagram:
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SCETq

Medium induced splitting

The medium induced splitting functions were derived from the framework of SCET
with Glauber gluons up to the first order of opacity.
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Applications

Modification of jet shape

4 modifications of the
jet splitting functions

HTL, Vitev 2018
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Chien et al 2015
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Many other applications ......
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RAA In A-A collisions

w/ radiative only
w/o CNM
full calculation
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CNM = cold nuclear matter effect

compared to light jet the radiative
corrections are noticeably smaller

collisional energy loss is more
Important when the jet transverse
momentum is small.

the CNM are more important in the
high energy regime

Even though the b-jet modification is found to be qualitatively consistent with that
of inclusive jets from measurements with the same collision energy, the underlying

physics might be different.
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b-jet in A-A
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@ less dependence on the centrality
known light jet modification.

@ the predictions agree very well wit

collisions
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when compared to the well-

h the data for both the inclusive

cross sections and the nuclear modification factors.
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b-jet and c-jet in A-A collisions
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the smaller radius jet tends to dissipate

not depend on jet pT in p+p collisions. _ |
more energy in the medium

small dependence on jet pT in Pb+Pb

collisions no significant difference between the c-jet

and b-jet due to the high transverse
momentum

21



Conclusions and outlook

we presented a formalism to study heavy flavor jet production in hadronic and
heavy-ion collisions

we presented the calculation of heavy flavor jets in pA and AA collisions using
the heavy flavor semi-inclusive jet functions technique

for inclusive c-jet and b-jet production we found very good agreement between
data and theory.

RAA has smaller centrality dependence and R dependence for heavy flavor jet

further investigate heavy flavor-tagged jet substructure observables
iImplement higher orders-in-opacity corrections in the medium

study the kinematic domain where mass effects on the heavy flavor jet
production and propagation in a dense are important
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Conclusions and outlook

we presented a formalism to study heavy flavor jet production in hadronic and
heavy-ion collisions

we presented the calculation of heavy flavor jets in pA and AA collisions using
the heavy flavor semi-inclusive jet functions technique

for inclusive c-jet and b-jet production we found very good agreement between
data and theory.

RAA has smaller centrality dependence and R dependence for heavy flavor jet

further investigate heavy flavor-tagged jet substructure observables
iImplement higher orders-in-opacity corrections in the medium

study the kinematic domain where mass effects on the heavy flavor jet
production and propagation in a dense are important

Thank you !
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RpA light jet
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