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Open Heavy Flavor Production

D and B-meson production pp -+ HX
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Open Heavy Flavor Production

D and B-meson production pp -+ HX

Next-to-leading order in QCD
Jdger, Stratmann,Vogelsang "02

do-pp—>DX 2P’1‘ 1 d(L‘b 1 dz da.cb(g ﬁ'l’ ﬁ /J') 5
— — Y (& a ? EI b D .
dpflwdn s b _/:Bnm fa xa’ “) -/"'nul m fb(ﬂfb’ #) zglin zg dvdz cC (Z ,/,L)
213'1' —7 2[3’1
v=1- e ", Z2 = cosh 7

where g 5 n

D N =mn—In(za/xp)/2
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Open Heavy Flavor Production

D and B-meson production pp -+ HX

Next-to-leading order in QCD
Jdger, Stratmann,Vogelsang "02

do PP~ bx 2p'I' ! dz ! dmb 1 dz. do€ (§$ ﬁ'l’3 ﬁ3 /-l') D
- ./ i ; / fb(xb’#) - Dc (an /,L)
Igll!] T

dp’ldﬂ - S x—a,fa(xa’ u) gliu Ty z}}‘i" Zg dvdz

ab.c

A

Using FFs from

Kneesch, Kniehl, Kramer, Schienbein 08

e Zero mass variable flavor scheme
 General mass scheme
e fitfrom e"e” — DX data
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Open Heavy Flavor Production

D-meson production pp -+ HX

Data taken at the LHC
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Open Heavy Flavor Production

B-meson production pp - HX

Data taken at the LHC
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Open Heavy Flavor Production

D and B-meson production pp -+ HX

Heavy quark-gluon contribution
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D-meson suppression in PbPb

25.8 pb™ (5.02 TeV pp) + 404 ub™ (5.02 TeV PbPb)
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Open Heavy Flavor Production

Soft Collinear Effective Theory

Invaluable tool for high precision LHC phenomenology

|[dentify collinear, soft and hard modes at the level of the Lagrangian

Factorization

Resummation for multi-scale problems

Bauer, Fleming, Luke, Pirjol, Rothstein, Stewart "00-"02 I
N it Ry, pr

* Include medium interaction via Glauber gluon exchange

* Full in-medium splitting functions
Idilbi, Majumder 08, D’Eramo, Liu, Rajagopal * 10 = J22
Ovanesyan, Vitev " | 2

dU ~ H(pT, #) Jl (Z, )u") tee JN (M)Snl...n;\r (#’)
A

—
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Open Heavy Flavor Production
M, G A

LscETy e = LscETy + La(én, An, Ac)
Kang, FR,Vitev "1 6

7

_ _ | 1
¢ Lsowry = b {in- 0+ (PL+ 9 A WasWiP. +94i)} T 60
: N — - Ly
+ mgnap' [(P-L + gA n,q)a anwrt] 5 €n,P _ m2 gnep’Wﬂﬁer 5 €n,p

Leibovich, Ligeti, Wise "03

—ilp—p"z [ 7 a ﬂ UVA,Q c
L6 (6 nsAc) = o0 (€. Tiin Jno — TUAZ (45,), (45),) Ao
p,p’

Ovanesyan,Vitev ’| 2

Feynman rules for interaction with the medium
do not depend on the mass to leading-power! Bauer, Fleming, Luke, Pirjol, Rothstein, Stewart 00-"02

Idilbi, Majumder "08, D’Eramo, Liu, Rajagopal " 10
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Open Heavy Flavor Production

SCET,, ¢ splitting kernels

Basic ingredients for the calculation

of the modification in AA collisions: ﬂgéég?% k| M
- - O + O—
Final state - massive ;
. Z ~ (1. 22
medium: e.g. : k(1A% )
q x
| , g~ (A%, 0%0)
dN _ dAz / . 2 14 (1 —z)? B B, C.
ded’k. ) g g, 270 ) M@ ) Voa da. z B? +v* \B] +v* CI+/*
. J— C.L . C* N— A.l' R— B.L . — ", » p— .
X (1 = cos[(2) — )Az]) + C? 4 02 (20E Yl A2 4R B4 u2) (1 = cos[(S21 — 23)Az])
B. C. . A D, A ‘
+Bi ) C7 1 (1 = cos[(2y — Q3)Az]) + A7t : (DE el Ay u2) (1~ cos[2;Az])
A_._ D.l. . l B__ A_L - B.. _ .
A% 12 D? 402 (1= cosff2s44]) + NZB? +v* (Ai +v? B2+ u?) (1 = cosl(h QQ)AzD] '

. 1 1 1
3 0 2 ! —
am [33 I uz'(Bg +12 C? + u’2) (1= cos{(@, = 2)A]) + ] }

where: v = zm, A =k,,B, =k, +2q,,C, =k, ~(1~2)q., D, =k, —q.
2 2 2 2
Q-Q= BtV g g, CLtV |
py (1 — z) po (1 — )
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Open Heavy Flavor Production

SCET,, ¢ splitting kernels

Basic ingredients for the calculation

of the modification in AA collisions: Mﬂ:, k| M
- - O + O
Final state - massive ;
. I ~ (1. 22
medium: e.g. : ko (1A% A)
q x
| , g~ (A%, 0%0)
( dN ) _ [ dd: / P U (1 +(1 - x)z) B. ( B, C, )
ded®k, ) o 0, 272 ") N(2) ) C You d2qu - B + 2’ \B? +12 C? +?
. — C.l- > C-" R A.L — B.l- > — ) » — .
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B* CL . A* DL A* .
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1 1

+:z:3m2 - - . Sl .
[Bi + v? (Bf +v2 C? 42

) (1= cos[(Q2) — N)Az]) + ...

}

Soft emission limit is consistent with  Gyulassy, Levai,Vitev "00
Djordjevic, Gyulassy "03
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Open Heavy Flavor Production

Application of in-medium splitting functions

* SCET is an important tool to understand the structure of cross sections, e.g. jets Kang, FR,Vitev *16, 16
 Hadron cross sections
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vacuum + medium splitting function

HNLO 4. H,med

do . = do .
PbPb pp PbPb Pisjie(2: 1) = PP (2, 1) + PR (2, 1)
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Open Heavy Flavor Production

Traditional energy loss and SCETy ¢
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Open Heavy Flavor Production

non-prompt J/, from B-meson decays
minimum bias data

Comparison to LHC data
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Open Heavy Flavor Production

1.4
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D-mesons

Comparison to LHC data
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Open Heavy Flavor Production

D-meson Raa

Heavy quark-gluon suppression
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Open Heavy Flavor Production

The Jet Fragmentation Function pp — (jeth)X

Chien, Kang, FR,Vitev, Xing " 15
Kang, FR,Vitev " 16, " 16

doPP— (jeth) X doPp—ietX

F(zy,pr) =
(2n. Pr) dprdndzy, dprdn
doPP2 WX gpr o~ (1 da ' da, U g, 6%, (3,Br o)
— a ol c ab\v? 13"3/“‘. h
where dprdndz . az: /z e fa(Za, p) - fo(@s, 1) i 22 Tods G (2ey 2hy Wy )

|

“semi-inclusive fragmenting jet function” in SCET
resummation of In R,i.e. NLO + NLLp

hadron : z, = p/pr

Ji: R, y, pr
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Open Heavy Flavor Production
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Comparison to ATLAS data
at /s = 7TeV

Light charged hadrons A =7+ K +p

Using DSS FFs

de Florian, Sassot, Stratmann -’07
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Open Heavy Flavor Production
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D-meson
jet fragmentation function

Comparison to ATLAS data
and PYTHIA simulations
at /s =7TeV

Using FFs from

Kneesch, Kniehl, Kramer, Schienbein - '08
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Open Heavy Flavor Production
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Motivates the need for
global fits of heavy meson
fragmentation functions!
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Inclusive Jet Observables

Qutline

® |nclusive jet observables

Kang, FR,Vitev "1 6 arXiv:1609.04908
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Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX
Kang, FR,Vitev 16,16

dorr— jet X

dprdn

a S Z Lmin _fa (xa, ”) /:;:bnin _fb(xb, /.L) d'UdZ JC(zCs w.]a ,'l’)

Ty z(xp‘.n Zg

A

p E( iet, pp, 1 semi-inclusive jet function” in SCET

see also:
Jager, Stratmann,Vogelsang “04, Mukherjee,Vogelsang " | 2, Kaufmann, ﬁj
Mukherjee,Vogelsang " |15, Dasgupta, Dreyer, Salam, Soyez " 14, "1 6 > Los Alamos

NATIONAL LABORATORY
EST.1943

25



Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX

Kang, FR,Vitev * 16,16

doPP=ietX  9p, L dz, L dz, bodz d6gy (8, br, 1, p)
_ &La —9 Jo(2e, Wy,
iy = o 3 [ et [ o) [ T G s
(\_ E@ <*-“r> ‘<¢é’ég>
Definition similar to FFs , M B
but perturbatively calculable: : ! !
(A) (B) (©)

Jet cross section at NLO: do ~ Aln R + B+ O(R?)
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Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX

Kang, FR,Vitev * 16,16

dopp—ietX 2pT 1 d(L‘a 1 diL‘b /l dzc d&gb(g’ ﬁT, fh .u')
P I L) -0 R B S e (R
P S GO
» .
Definition similar to FFs R M o
but perturbatively calculable: ) : :
(4) (B) (©)
d ag(p) Ldz 2
Follows standard timelike DGLAP #d—#«]i(z,w./,#) - Z/ — Fii (y’#) (2w )
j Z
> resummation of single logarithmsIn R ,i.e. NLO + NLLp
Especially relevant for heavy-ion phenomenology! ﬁj

» Los Alamos
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Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX
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Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX
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Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX

Kang, FR,Vitev * 16,16
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Inclusive Jet Observables

Inclusive Jet Production in SCET PbPb — jetX

Kang, FR,Vitev * 16,16

do.pp—>jetX 2p1 1 d.’L‘ . ch d&gb(§$ ﬁTa ﬁ‘.\ /.L)
= — —_— Jeo(2e,wy,
dp’l’d'f] Z /nm fa xa, L;l in Ty fb(xb, ) zglin zg dvdz C( ¢ J ,‘L)

P o
vacuum | : fﬁéﬁ \i
(A) (1:3) (©)
JY(z,wy) + J™(z, wy)
P G
medium A X ‘;-----X ma-e X
(A) (1:3) (©)
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Inclusive Jet Observables

Jet substructure within SCET

e.g. the jet fragmentation function Kang, FR,Vitev " 16, " 16
Chien, Kang, FR,Vitev, Xing " 15

doPp—Ueth) X o L dz, L dy /1 dze d6%,(3, P A1) i
B T, P Zoy Zh, W
dedT}dzh 8 aZbc Lguixl Ty fd (ma’ ”) ~/$‘:nin Ty fb(xb, ,U) ,min zg dvudz gc ( cys “hyW.J, "L)

L&

012:_ D** p+p Ns =7 TeV

- anti-k R=0.6 lyl < 2.5 - . . . . .
01F + 25<p, <30GeV | + 30<p, <40GeV semi-inclusive fragmenting jet function
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* More differential probe of the
fragmentation process

0.12
oif * study modification in the medium
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i T, /\
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Conclusions

Qutline

® Conclusions

Kang, FR,Vitev "1 6 arXiv:1609.04908
Kang, FR,Vitev “16, " 16 arXiv:1606.06732
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Conclusions

Conclusions

* Soft Collinear Effective Theory is an invaluable tool for heavy-ion physics

* New massive in-medium splitting functions

* Good description of D- and B-meson R 44

e Results motivate global fits of heavy meson FFs

* In R resummation for inclusive jet spectra

e Consistent treatment at NLO in QCD for inclusive hadron and jet observables

... please stay tuned!
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Conclusions

SCET,, ¢ splitting kernels

Basic ingredients for the calculation
of the modification in AA collisions: T, k)

X

Final state - massive

 medium: Soft gluon approximation

dN Qs / 1 /- " " 1 do ‘?wdium 2k -q. (k_L _ ql)'z ]
— = —Cp [ dA d’k , d e —— |1 -c =LA
¢ ( dz )Q_,Qg w2 F )N S T Yoy T Rar I e[k — g ) 2w | ey

Soft gluon limit is consistent with  Gyulassy, Levai,Vitev 00
Djordjevic, Gyulassy "03

A
° IRAIamos

NATIONAL LABORATORY
EST.1943

35



Conclusions

Numerical results

10" o

massless - - - -
m = 4.5 GeV
small-x, m = 4.5 GeV

x(dN/dx)

| q— q9, Q@ — Qg, £y = 100 GeV
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