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+Introduction (FJF near threshold)
+Fragmentation to a Jet (Ungroomed)
+Fragmentation to a Jet (Groomed)
+e+e- => inclusive heavy jets production

+Summary



Fragmentation Function to a Jet (FFJ)

JFF, FJF FFJ
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[Y. Chien, Z. Kang, F. Ringer, |. Vitev, and [LD, C. Kim, and A. Leibovich,

H. Xing, JHEP05(2016)129] PhysRevD.94.114023(2016)]
[M. Procura, |. Stewart, PRD, 81, 074009 (2010)]



FFJ near Threshold

FFJ o
el Threshold:
Ja/g

=

q — J4 + q Supressed by (1-2), [C] —Jg+g ]

INn(1-z) large

[LD, C. Kim, and A. Leibovich, PhysRevD.95.074003(2017)]



FFJ near Threshold

- Work in the framework of SCET

- In this talk, focus on heavy quark

- Adding a csoft mode to resume In(1-z). Should scale as:
Pes = (Pdss Pess Pes) ~ (1 — 2)Ej (1, R, R?)

[LD, C. Kim, and A. Leibovich, JHEP09(2021)148]
[M. Procura W. Waalewijn, and L. Zeune, JHEP 02(2015) 117] 5



FFJ Definition

1 _ pY _
Djyio(z EsR ym,p) =) N & /dD 2P§T1‘<0|5(7J - 'P+)5(D ?) (P_L)g\l’g
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- Generalization of FF
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[LD, C. Kim, and A. Leibovich, PhysRevD.94.114023(2016)]



Integrating out Collinear Integration

- Integrate out collinear int.
pe ~ E*R? pg ~ E°R*(1 — 2)°

- Denominator of heavy Quark Propagator: %{
(p+k)—m*=k*+2p-k~2p- -k~ 2mv - R

- BHQET: &(e) = /% %ha(z)

- Lifapr = v z’D%hn



Integrating out Collinear Interaction

1 _ PJ _
Dyjq(z EsR m,p) = ) | oo / 4P~ ?p3Tr(0]5(=L — Py ) 6P ('Pl)gxpg
X C

x | J(0F, p7) X)W (J (0T, PF) X s TE0),

(Integrating out collinear interaction)

DJ/Q(Z — 1;EJR,7m7 ,LL) — jQ(EJR,ama /'L)SJ/Q('Z? EJRlvmal'L)'

where, Csoft-Function
/ _ asCp l l p? 3+b 1 s
JQ(E R ;m,p) = 14 —— [62 + E(lm F2RR + 2(1+b)) + 2lnE3R,2+m2
1 p? 1. 5, 1.,
+1+b(lnE3R’2+2)+2ln EIR? + m? 2ln (1+0) b = m?/(E2R?)

+ f(b) +9(b) — Liz(=b) +2 - %]-UV & Check massless limit

1 (Y . cs cs
Tr—(0| 6((1—2z)pF —i04)Y; "hr [J(p},p7 = 0)X¢g7)

; 2N, 2
“ y [LD, C. Kim, and A. Leibovich,
x(J(p},pF = 0)Xg| BnYﬁCS§ 0), JHEP09(2018)109] 3

SJ/Q(Za EJR,: m, /,L) —



CSoft Function Calculation

1 (V) cs cs
Syq(z EsR ym,p) = ) o I ;(0| 5((1 - 2)pF — 04 ) Y hy | T (0} = 0)Xg)
X C

x(J(pJ,pJ —O)X | B YCSﬁ 0},

NLO: In, out Jet < ________ A/eﬂz




CSoft Function Calculation

2 2
(1) asCr J oo A[_1 14 © b 1y z
10 = =5 {( R R e S G LY e,
1 2 1 1., .
——In? — In(1 ~In?(1 — 4 Lip(—
R e R e A G R L S R TR ol
[ 2 (l-i-ln p? _ b )] b = m?/(E3R"?)
1—2z"€ (E2R?+m?)(1—2)2 1+4+b/ 14| - S—

- Poles are UV

- Natural scale: wes ~ (1—2)1/(EsR')? 4+ m?

- Resum In(1-2):

Djyio(z = LEsR ,m,puy) = Jo(EsR',m, us)Sy/q(2 EsR',m, uy)

= exp[M(pf, e pes)|TQ(Es R ym, pe) (1 — z) 17
Mo e e

B~ 2 Ty

ng/Q [ln
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FJF Near Threshold

Djyo(z = LEsR ,m,puy) = Jo(EsR',m, us)Sy/q(z EsR',m, uy)

— exp[M(p’fnuC?/l’cs)]jQ(EJR, m /*LC)(]‘ - z)—1+77
o= VEN

L(n)

~ /1’2
XSJ/Q[III B2(1 — ) — 20 ]

[LD, C. Kim, and A. Leibovich, JHEP09(2021)148] 11



FJF Near Threshold

Dj,(2) D;,(2) 2
° He = mz, EF'™ =my,/2 He =2 TeV, Ef*™ =1 TeV
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[LD, C. Kim, and A. Leibovich, JHEP09(2021)148]



Groomed FFJ

_ min(FE;, , E;,) 01 g [A. Larkoski, S. Marzani, G. Soyez,
- Soft drop: e > ( and J. Thaler, JHEP05(2014)146 ]

- A new scale zqcui(small like, 0.1) complicates factorization

do /1 dz do(x/z; )

dEJdZG :2EJ/Q P dEZ JQ/Z(Z7 JR,N) G(ZG) ZG pJG/pJ

1
N,

®c(26; Zeuts EsR,m) = >
XCS

< (Ja(pl, PY, = Xy, | hnYe®

v . CSs CS
Tr (0 §((1 — 26)p] — O - i04) Y "ha |JaXS,)

2

§ |O>7

- Near the threshold (1-z) < zcut, Only In-jet frag. contribute
- Grooming Function scale indep.

13



Groomed FFJ

1
Ne

v . cS cSs
6 (265 zeut, EIR,m) = ) oo Tr—o2(0] 6((1 = 26)p) — Oin - i04) Y™ b [JaX5,)

XCS
x(Ja (P, P7, = 0) X5, BnYﬁcsg 0),
(NI_O) (@) k (b) (©) i
(1) 2 2 gﬁi% " ® © kﬁ%f ©= @%k ®
d.'(2q) = [/ dk’ Mg(1 — zg, k] L - | " SR
gr
asCr | ©(zg + Zeuwt — 1) 1+b b b
- T 1 —z2a In 1—25\2/8 b+1-|-b_ 1—25\2/8 b
n ( Zcut ) + ( Zcut ) + J +

- Only plus distribution is left.

_ P ) Y _aSCFg O(zg + zcut — 1) Zeut
Massless limit: & (z6;m = 0) = == /3[ L i N

- Heavy Quark, Infrared safe:

asCr | O(zg + zeut — 1) (l 140 1 )-

—_— ?
- 1~ 20 n In(b)"

Wy on—0) —




Groomed FFJ near Threshold

- Threshold region: 1 — 2 < zew

- Csoft and CUSoft mode (E R ~ m):
Pcs ™ ZcutEJ(]., R, R2) Pcus ™ (1 — Z)EJ(]., R, Rz)

SJ(;/Q(Z — 1; zeut, By R, M, ,LL) — SG(ZcutaEJRv b, U)Ucus(z; m, ,U')

- |fEJR>>m

2
Pcs ™ ZcutEJ(la Ra Rz) Pucs ™ ZcutEJ (1

m m)
"E;’ E?

SG(Zcuta E;R > m, ,Uf) = SG,O(Zcuta EjR, ,u) UG,ucs(Zcuta m, N)'
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Groomed FFJ near Threshold

2 2
as;CF 1+b6 1 1 N 7
SG’(zcutaEJR,mal-l') =1+ o [(ln b 14+ b) In zgutEng 6
1 . 1+0b
+ 5 In%b+ Lig(~b) — In T]
2 2
SG,O(ZCutaEJRa /1') =1+ I (_iln zgutE?]Rz + 12

asCF H 1. o K 7T_)
UG,ucs(zCutamau'):]-"‘ ;71' (—ln 5 + —In 5 +

{5(1—2)[ln51—22—%ln5722—g]

+ [1 E z (ln m2(fz— z)? B 1)]+}

asCF

Ueus (23, 18) = 61— 2) + 25




Groomed FFJ near Threshold E;R ~ m

Dj.io(z = L, EjR,m,u) = Jo(EsjR,m,u)S;,/0(z = 1; E;R,m, uy)
= jQ(EJR, m, ,U)SG'(zcuta EjR,b, /'L)Ucus(z — 1;m, ,LL)

po(l — 2), for z < x;
Pmin + apo(l — 2)2, for z > .

Hes = ZcutEJR Meus = (1 T Z)m Hprofile(2) = {

fprofile(2)(GEV)
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Groomed FFJ near Threshold E;R ~ m

Heus = (1 — Z)m

b-jet, E; =50 GeV t -jet, E;y =1 TeV
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[LD, C. Kim, and A. Leibovich, JHEP09(2021)148]



Groomed FFJ near Threshold E ;R > m

= e N oS N A e e a2 N N R B O T - ™

Dj./q(z = LEjR,m,us) = Jo(EsR,m, us)Ss, (2 EfR,m, piy)

= exp[M(pf, tes Hess ucss Heus )| TQ(ET R, ™, 1) 56 0(2cuts B R, pies)

1 :ugus 20 ] e Bl

n - )
" T(n)

| —|

X (]- - z)_1+nUG,ucs (Zcuta m, .L‘Jucs)ﬁcus

m?(1 — z)?

- Top |ets: E; =2 TeV and 2y = 0.1
[LD, C. Kim, and A. Leibovich, JHEP09(2021)148]



Groomed FFJ near Threshold E ;R > m

£ a2 TP O P P e ey PR SRR = ey e e o (o v o e SN =

- e+e- => top Jet:

1 dog
= 2 €Xp [M (“ha Hhcy Hey Hesy Huces) ,Uqus)]
00 dx
XH(Q) “h)jQ (EJR, m, “c)SG,O (ZcutEJRa Ncs) UG,ucs (Zcutma /»Lucs)
2 2 —YETN
o147 ”_[ Fhe ] 2 Hous _98.1€
X (1 —x) J=|1n (1 —2) On | Uecus [ln m2(1 — 7)° 8,,] )

ILD, C. Kim, and A. Leibovich, JHEP09(2021)148]
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Groomed FFJ near Threshold E ;R > m

= =

- e+e- => top jet:
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- Resum In(1-z) is crucial

i(d_O') N(XSCF 1 In Q2 N(XSCF 1 In Q2
oo \dx / fix m 1—z  B?1 -1 m 1—z (E;jR)?*(1-1)

Q

- Fixed order: 1(@)ﬁ e 1 @

oo \ dz ™ 1—z m2(1-2x)’

ILD, C. Kim, and A. Leibovich, JHEP09(2021)148]



Summary

+Study FFJ near threshold for heavy quarks (both ungroomed
and groomed jets)

+Heavy quark mass as an IR regulator makes grooming IR
safer

+ Using RG, resum different logs involved: In(1-z),
log(EuRzcut). ..
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