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Motivation: Probe Hadronization in Depth

Heavy-quark fragmentation
&

Response to static color source

id D pict f thi
Heavy-quark TMD FFs D1 g7/, (2zH, k1) provide a 3D picture of this

are a universal building block

[— See talk by D. Shao in next session for a concrete application!] 2/22



Overview of 2305.15461

JHEP 09 (2023) 205 with Rebecca von Kuk (DESY) & Zhiquan Sun (MIT)

[— Talk by Z. Sun at SCET ‘23!]
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Overview of today’s talk

a Transverse Momentum-Dependent
Heavy-Quark Fragmentation at Next-to-Leading Order

e How Many Structure Functions Characterize
Heavy Quark Fragmentation in the Transverse Plane?
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http://arxiv.org/abs/2404.08622

Regulating the quasi-collinear splitting probability
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dz d (k%) 27 Z[k2.22 + m222]
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Regulating the quasi-collinear splitting probability
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Expanding in 2D plus distributions

z"7 5 (2) rz /0 mzdk% ) (= kr) iz /0 az 2d oz k)|
o = — + O(1°) cancels as for massless
21—|—T] 0.5
0.4
= Left to expand: f(x, z,€) x = k7./m? 02
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Results in k7 space
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+8(2) 8(k3) (5 - 5
— Confirms expected renormalization by v, (¢, w7, n) and ~¢ (kr, m, @)

[Secondary quark mass effects would only show up at NNLO — see talk by P. POl on Thursday.]



Results in bt space

Plus distributions domains align with primary variables = easy to take integral transforms!
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Full agreement with Dai, Kim Leibovich, 2310.19207, who used a completely orthogonal organization of k_, singularities.\/

Why so simple as z— 1? Why only logarithms of mb,.? 10/22



Joint resummation for massive quark fragmentation
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[Full two-loop RHS known: Becher, Neubert ‘06; Pietrulewicz, Samitz, Spiering, Tackmann “17]



Not discussed today
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Application: Back-to-back EEC with heavy quarks

1 do o°
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[Cf. Lepenik, Mateu, 1912.08211 for analytic SCET massive event shapes at one loop.] 13/22



Fun Fact: The heavy-quark EEC at nonperturbative values

Sum over heavy hadrons is built into EEC ...

1 do

(o) dZX

— Hee%QQ(Q27 IJJ) C'r2n (m’ Hs Qz)

heavy

X QZ/Ooode br Jo(\/1 — zx,u brQ) {Xl (bT’ s i)F

... which lets us complete the sum over states in the EFT! [2305.15461]

() = - TH(O|W(b1) Ya(b1) Y 0) W(O) o)

(&4

= Plain Wilson line correlators, also nonperturbatively!

[— See talks by Z. Sun and H. Chen on Wednesday for - presumably — more nontrivial cases (&) ] 14/22



Overview of today’s talk

0 Transverse Momentum-Dependent
Heavy-Quark Fragmentation at Next-to-Leading Order

o How Many Structure Functions Characterize Polarized
Heavy Quark Fragmentation in the Transverse Plane?

Work in progress with Rebecca von Kuk (DESY), Kyle Lee (MIT), Zhiquan Sun (MIT)

15/22



TMD light-spin density matrix

1
Pe,hehy (DL, 2) = N I ZXOIWT(M_) Yo (bL)|ses he, fo3 X)(se, by, fo5 X|Y,1(0) W(0)|0)
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Useful unit vector choices:
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Building a basis

1
pﬁ,hghé (bJ_, Z) = ﬁ Tr i<0’WT(bJ—) Yv(bJ_)‘Sg, hg, fg; X><Se, hé, _fg; X‘YJ (O) W(O)‘O>
© X
b'u
e Hermiticity: p,(bi,2) = pe(bi, 2) br
nM
. [T T
o Parity: pe(by,z) = pe(—bi,—2) TV TR

e Rotations: pg(Rgby, R5z) = et*tp,(b,,z)e 1> y' =z, e”

SHLBN = {E’i”, . ,25(,} — Gram-Schmidt N < 2sy

N,n geee
pe(byi,z) = szg,e ) () TN
N n

= X{

rN
Th1 . phnghnt1e 2B N €27

. LN
icht .., ghn—tyknzbnt1r2"% = N & 27

17/22




So how many structure functions are there?

At light spin sg, rank IN = 2sp, add only 2|sg| + 1 structure functions!

Hadron multiplet | s, | # LP TMD FFs | # x\%™s | # x{7”’s (br — 0)
Ap 0 8 1 1
B, B* 1/2 2+ 12 2 1
Sy, B 1 8 + 16 5 2
B, B 3/2 12 + 20 8 2
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So how many structure functions are there?

At light spin sg, rank IN = 2sy, add only 2|sg| + 1 structure functions!

Hadron multiplet | s; | # LP TMD FFs | # ng’\g,n),s # Xﬂi’o)'s (br — 0)
Ay 0 8 1 1
B, B* 1/2 2+ 12 2 1
Sy, T 1 8 + 16 5 2
B, B3 3/2 12 + 20 8 2

Can get complete spin 2 density matrix from unpolarized hadrons!
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So how many structure functions are there?

At light spin sg, rank IN = 2sp, add only 2|sg| + 1 structure functions!

Hadron multiplet | s, | # LP TMD FFs | # x\%™'s | # x{7”’s (br — 0)
Ap 0 8 1 1
B, B* 1/2 2+ 12 2 1
Sy, B 1 8 + 16 5 2
B, B’z" 3/2 12 + 20 8 2

Can get complete spin 2 density matrix from unpolarized hadrons!

——> Nice target e.g. for an LHCb polarized hadron-in-jet measurement!

Stay tuned for final results for TMD FFs! /
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e Showed complete NLO results for unpolarized heavy-quark
TMD FFs, with nontrivial momentum-space singularities.

e Checked vs. large-mass, small-mass, and new joint
threshold/transverse momentum resummation regime.

e As application, gave NLO back-to-back EEC for heavy quarks.

e Showed how many structure functions characterize all
possible heavy-quark TMD FFs in the bHQET limit (very few!).
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e Showed complete NLO results for unpolarized heavy-quark
TMD FFs, with nontrivial momentum-space singularities.

e Checked vs. large-mass, small-mass, and new joint
threshold/transverse momentum resummation regime.

e As application, gave NLO back-to-back EEC for heavy quarks.

e Showed how many structure functions characterize all
possible heavy-quark TMD FFs in the bHQET limit (very few!).

Thank you for your attention!
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