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Introduction



Heavy Quarks

What are Heavy Quarks?

*QCD: usually consider 5 massless flavors and the massive top quark

«1m, can only be neglected at very high energies Q > m,

seXxpansion in heavy-top limit (HTL) m, — oo @
eLighter quark masses often neglected

otypical hard scattering energies at the LHC: m, < O < 100 GeV ﬁ
ePrecision era: theory and experiments archive impressive precision mp % 418 GeV

ebottom and charm mass effects become relevant! A

me = 1.27GeV

eHere: heavy quarks = bottom and charm
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Heavy Quarks

\/alidity of factorization theorems in high-order predictions

Where can we see Heavy Quarks effects ? Q. m

eFactorization separates physics at different scale, e.g. g; < QO

eStandard factorization theorems assume massless quarks
eInterference effects in loop-induced processes, e.g. gluon fusion

eusually only top-quark loop considered but lighter contribution enhanced by
interference

eFragmentation processes: O ~ 10 GeV

« Mg is no longer small —must be resummed and matched properly!
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eMotivation \/

*Validity of factorization theorems in high-order predictions

eFactorization separates physics at different scale, e.g. g; < QO @
eStandard factorization theorems assume massless quarks
eInterference effects in loop-induced processes, e.g. gluon fusion

eusually only top-quark loop considered but lighter contribution enhanced by

interference ﬁ

«Fragmentation processes: O ~ 10 GeV
« Mg is no longer small —must be resummed and matched properly! ,%AMMV

*Outlook and Summary
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Mass effects in g resummation



Factorization and resummation in SCET

qr factorization in SCET: g < ‘<é> o (Z) e </_>

«a,log(q;/Q) ~ 1 for g = 0 spoil convergence and require resummation

eFactorization in soft-collinear effective theory (SCET)

- 2 m2
;T —H(Q ,LL) XB(qT,/,L)®B(QT7:UJ)®S(qT N) [1+O(Q27q—§”)]

H

Sl

P —m> «—— P,
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Factorization and resummation in SCET

qr factorization in SCET: g < ‘<é> o (é—)) “Og<f >

«a,log(q;/Q) ~ 1 for g = 0 spoil convergence and require resummation

eFactorization in soft-collinear effective theory (SCET)
2

;UT —H(Q ,LL)XB(qT7 )®B(QT7 )®S(QT N) [1+O(Q27’Z_§)]

eHard function: virtual contributions at hard scale QO

soft <
. ‘

eBeam function: collinear radiation

eSoft function: soft, isotropic radiation

£+ " soft

*Solve RGEs for H(Q, i), B(qr, p)and S(gr, ) to resum large logs
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Mass effects in g; spectra

Drell-Yan and W mass measurement

«Z and W g spectra are high precision observables

[Dehnadi, PI6RI, Tackmann work in progress]
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«aN“LL prediction available for m, = 0 [Eilis. Michel, Tackmann 24]
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oFirst results for results for Z and W g, spectra ar [GeV]
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u
The Higgs g, spectrum b
qq —> H q
eHiggs g spectrum allows to access Yukawa coupling from Higgs production >jy

e gluon fusion and quark flavors exhibit different shapes
[Ebert et al. ’16, Bishara et al. “16]

oN3LL" +a N3LO prediction available [Cal, RvK, Lim, Tackmann '23]
0.06:—‘ T ‘ L ‘ L ‘ T T \3‘ T ,\ T ‘3\ T \{
— r  pp — H(13TeV): N°LL'4+aN’LO 1
otreat quarks as massless but y, # 0 L 0.05, O ortbomlo 125 Gov E
v ]
SCET E
eb-quark mass effects become relevant! % 0.04 -85”1 =
o J
. < 0.03 B cc — H-
=plot is cut off a 5 GeV Iy N g b — H-
= 0.02F &7 -
eOutlook: include mass effects and fit Yukawa couplings 2 0.01F —
from qq é H ()'()()E ."1 | ‘ | I ‘ | I ‘ | I ‘ | I ‘ |

10 20 30 40 50 60
gr [GeV]
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V,y, interference in the Higgs g, spectrum
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Bottom mass effects in gluon fusion m
«Consider gg — H with massive bottom-quark loop ﬂ

eUsually consider top-quark loop as m, > m,,

V), interference in the Higgs g, spectrum

«O(5 — 10%) contribution from interference with top-quark to total cross section |[Liu, Penin 17 and ‘18]
eLighter quarks only make up for a few percent of the Higgs cross section

eChallenging problem already at 1-loop!
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V), interference in the Higgs g, spectrum

[Caola, Lindert, Melnikov, Monni, Tancredi, Wever ‘18]

so far: interference effects at NLO+NNLL

o NLO+NNLL prediction for Higgs g spectrum for m;, S gy < my including b mass effects
eMass effects enter only through hard matrix elements
e N0 genuine mass-dependent resummation

*No rigorous factorization theorem or all-order resummation

my, ~ 4.18 GeV m
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V), interference in the Higgs g, spectrum

so far: form factor F'(m,, my)

esubleading power factorization and resummation
of form factor for m, < Q

[Liu, Neubert ‘19,Liu, Mecaj, Neubert, Wang ’20, Liu, Neubert, Schnubel,
Wang 22]

o F(my, my)depends on two scales

e Treatment of endpoint divergences is active field
of researchseneke, Ji, Wang 24]

eCancellation crucial to recover full QCD result
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V), interference in the Higgs g, spectrum

Notation: leading-order NLP contribution factorization in SCE. HB® B® S

hard collinear soft

e~ collinear gluon Q999 ~ soft gluon \/ soft Wilson line

- — <~ - - collinear quark < soft quark &  effective vertex
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V), interference in the Higgs g, spectrum

Endpoint divergences Similar to dim. reg.

V<> U, €<>1)

eSubtlety at sub-leading power: endpoint divergences in soft and collinear sectors
eEndpoint divergences appear when soft and collinear regions overlap

eIntroduce regulator e.g. abs. value |Z,/v|™"

B, 5

By By Bg
b %@ Sus %@S .
b T =10 +|2x v ® + %ﬁ = finite

~—— ~——
~1/n +1/n

*The endpoint divergences have to cancel in the sum to recover full QCD result
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V), interference in the Higgs g, spectrum

so far: form factor F'(m,, my) now: spectrum do(gy, my, my)

esubleading power factorization and resummation «grmeasurement adds additional scale

of form factor for m, < Q

=) three scale problem!
[Liu, Neubert ‘19,Liu, Mecaj, Neubert, Wang ’20, Liu, Neubert, Schnubel,

Wang 22]
b <)
, - .
b
e
o F(my, my)depends on two scales
«Treatment of endpoint divergences is active field «add emission with ky = — g7

of research(Beneke, Ji, Wang 24]

ostill have m, < Q, but k; can have
eCancellation crucial to recover full QCD result different scalings
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V), interference in the Higgs g, spectrum

Different scalings of k;
eEmission kr introduces additional scale to the calculation

O, ®

13
®

Q Q kr Q
vVmpQ vVmpQ kr mpQ) mpQ
my kr my my myp

kr
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V), interference in the Higgs g, spectrum

Different scalings of k;
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V), interference in the Higgs g, spectrum

NLO NLP contribution

S's'ss's o collinear gluon NI soft gluon \\/ soft Wilson line

- - - collinear quark —<——  soft quark (09 effective vertex
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V), interference in the Higgs g, spectrum

NLO NLP contribution
/ \

B s SR B s,
b % Sgg %SQQ
b =G +[2x ¥ ® +
b -4 ﬁ
.»f»{@ # o

S's'ss's o collinear gluon NI soft gluon \\/ soft Wilson line

- - - collinear quark —<——  soft quark (09 effective vertex
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V), interference in the Higgs g, spectrum

eExpect endpoint divergences in soft and collinear contribution
«Form factor F'(m,,, my;) depends on two scales

«The spectrum introduces an additional scale k-

() = ()

How does the additional scale affect the structure of the endpoint divergences?

oIn general f,(m/ky)and f,(m/k;) can be non-trivial functions of m/k;
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V), interference in the Higgs g, spectrum

collinear NLP one-gluon contribution

eNow: add emission kT to contribution from collinear loop

[RvK, Michel, Stewart, Sun, Tackmann
work in progress|

(ﬁf +§§® +:§,® PN 4@% %@>

eThere can also be collinear emissions from collinear LP beam function

(9 (4 z) ol

LoopFest 2026 | Rebecca von Kuk | May 27 2026
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V), interference in the Higgs g, spectrum

[RvK, Michel, Stewart, Sun, Tackmann

collinear NLP one-gluon contribution work in progress]

*The endpoint divergences cancel in the sum!

B A) () )< 2 o

eNon-trivial result: NLP emission diagrams cancel against LP emission!

=Mass and transverse-momentum dependence factorizes at this order!
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V), interference in the Higgs g, spectrum

Summary
eFactorization theorem for different regimes \/

oAll endpoint divergences cancel in a non-trivial way \/

om and k dependence factorizes at this order!

Next steps
«Coming soon: NLP factorization and NLP beam and soft functions of y,y, interference

eResummed prediction for gg — H including m,, effects
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Heavy Quarks in TMDs
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Heavy Quark TMDs

Hadronization

eMeasured final states rarely correspond directly to the predicted distribution

«Collinear fragmentation: parton fragments into final state hadron @hp h
Oh

eBut: so far only at a 1D snapshot of longitudinal momentum distributions! ) —

zp

Transverse momentum dependent (TMD) FFs

eAllows for extraction of 3D structure of the hadronization cascade @
eHere: heavy quark TMD FFs g p h
= Two different regimes: Agcp ~ kr < mg vs. Agep K my S kr @ oh

) —

p
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«Collinear fragmentation: parton fragments into final state hadron @hp h
Oh
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Transverse momentum dependent (TMD) FFs
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Heavy Quark TMDs

Fragmentation functions
eConsidered all heavy-quark TMD FFs for unpolarized hadrons

«Unpolarized TMD FF D, y,,: unpol. quark fragments into unpol. hadron @

eUse bHQET to show factorization in terms of novel matrix elements and Wilson coefficients

[RVK, Michel, Sun ‘23]

D1 H/Q(ZH’ bT’ H C) = dl Q/Q(ZH7 bTa I, C)XH (Agep < my S kr)

ed; o,p Partonic heavy-quark TMD FF: perturbative Wilson coefficient

= Calculated to NLO [RvK, Michel, Sun 24]

= Application: mass effects for EEC in back-to-back limit in eTe ™ collisions
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Outlook and summary
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« Mass effect in ¢, resummation P e ]
> 0. 3
. S g.04f g
« Treatment of mass effects in my, measurements $ ooal gt
I P N —
< 0.02F p
«Yukawa fits with mass effects for gg — H to extract Y, from initial state St 0 e
0.00H\\HH\HH\HH\HH\HH

Yy, ), interference in the Higgs ¢ spectrum ar [GoV]

« Resummed prediction for gluon fusion including m,, effects >%&% ®¢§£<
# %g&

* Heavy quark TMD FFs

* Include polarized hadrons!

* HQ TMDs within jets: NLO factorization theorem for TMD FFs within jets in pp collisions

[Kang, Liu, Ringer, Xing ’17]
 And many more!
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* Quark mass effects can no longer be neglected and enter in numerous processes
» Mass effect in g; resummation

w00

]

T ey NNLL 4=
— 2)
} " n=3%

me, mv 7 0

- first results for Z and W ¢ are on the horizon

* y,,), interference in the Higgs ¢, spectrum

_1 %
ratio to (Ve + Vo) =1 1A

- up to O(20%) effect from y,y, interference
- emission k; adds extra scale to the problem

- my, and k; dependence factorize at this order o
* Heavy quark TMD FFs

* Heavy quarks are ideal to study hadronization

* Novel TMD sum rules and factorization in terms of novel Wilson coeffs. and matrix elements
LoopFest 2026 | Rebecca von Kuk | May 27 2026
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* Quark mass effects can no longer be neglected and enter in numerous processes

» Mass effect in g; resummation

T
T T ’ —mz.Y =0
N Q=mz
100" " (13 TeV) NNLL @ 1
%PP”Z( = 3&me ™ 0 Bl

- first results for Z and W ¢ are on the horizon

my, = 4.18 GeV
,=0 1

a

me ~ 1.27GeV

_1 %
ratio to (Ve + Vo) =1 1A

* y,,), interference in the Higgs ¢, spectrum

- up to O(20%) effect from y,y, interference
- emission k; adds extra scale to the problem

- my, and k; dependence factorize at this order

)
-®—Thank you!
* Heavy quark TMD FFs a n yO u =
* Heavy quarks are ideal to study hadronization S

* Novel TMD sum rules and factorization in terms of novel Wilson coeffs. and matrix elements
LoopFest 2026 | Rebecca von Kuk | May 27 2026
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Endpoint divergences

do /dqr [pb/GeV]

T ‘ T TT T TT ‘ T 1T ‘ T Y_N ‘ T TT ‘ T TT ‘ T 1T
bb — H (13 TeV) -
MSHT20nnlo, myg =125 GeV 7

SCETLIB ]
B N°LL+aN’LO -
B=E NLL+NNLO 1

----- NNLL4+NLO
NLL

T

10 20 30 40 50 60 70 80

qr [GeV]

b

u

b
UNIVERSITAT
BERN
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Endpoint divergences

eall endpoint divergences cancel between soft and collinear contributions!

38



Regime |

Factorization theorem
eonly valid in a very small region of the gt spectrum

euse standard factorization for gr resummation with n; = 4 massless flavors

= 2Re[C}, (msr) Cygn (M, mir)] By(ar) ® By(ar) ® Syq(ar)

gg—>H/ ‘/ // Q

b —--- resummation
_____ from : ar T
form factor ™

kr 39

25



Regime li

Bare factorization theorem kp ~ my, << my operators: [M. Stahlhofen’s SCET talk 15, Liu, Neubert ‘19]

n

= Hgq(m) By(qr) ® By(gr) ® Sgglar) ;E@

n

+fd€beg(€) [Bn,xx (&, q7,m) ® By(qr) ® Sgq(qr)
+Bg(q1) ® Bi 5y (&, 97, m) ® Sgq(qr)]

n / Q00 Hypgo T (1) T (67) By(ar) ® By(ar) ® S5 (07,0, qrym)
Q

dO'yt Yb

dgr

Q

mp

T RN
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Regime li

Bare factorization theorem kT ~my <K my operators: [M. Stahlhofen’s SCET talk * 15, Liu, Neubert ‘19]

n

o - “
gg; = Hgg(m) Bg(qr) ® Bg(qr) ® Seq(qr) n . b&&:&&@
+ f debbg(f) [Bn,Xx(£7QTam) ® BQ(QT) ® Sgg(QT)

+B4(q1) ® Br gy (& qr.m) ® Sgq(qr)]

+/df+d€_beggj(£+)j(£_)B (qT)®B (gr) ®S¢¢ E A, qr,m)
m,Q

T MR 2

Q




Regime li

Bare factorization theorem kT ~my <K my operators: [M. Stahlhofen’s SCET talk ‘ 15, Liu, Neubert ‘19]

n

AT = Hgg(m) By(ar) ® By(qr) ® Sgq(qr) j;@ n%

n

dgr —
+fd€beg(€) [Bn,ix(gaqum)®BQ(QT)®Sgg(qT)

+B4(q1) ® Br gy (& qr.m) ® Sgq(qr)]

+/d£+df_beggj(€+)j(f_)B (qT)®B (gr) ®S¢¢ f A, qr,m)
m,Q

T MR @

Q
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Regime li

Bare factorization theorem &k, ~ m, < my operators: [M. Stahlhofen’s SCET talk * 15, Liu, Neubert ‘19]

doy,q, ! !
dZ;J :Hgg(m>Bg(QT)®Bg(QT)®W E+ 1-¢
+/ debbg(f) [Bn,)ZX(€7QT7m) ®BQ QQ(QT) 1
o +BQ(QT) ® Bﬁ,)_cx(é-a qr, m) ® Sgg(QT)] / €_|_£_
—|—/d£+d€_beggj(€+)j(f_) BQ(QT) ® BQ(QT) ® S@w(eije_v qr,m)
vmyQ
kr my

lead to endpoint divergences! (just as for form factor)
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Matrix element definition

Beam function

Soft fu;\ction

i / Oy (L767) = gfg_ [Snd(t" —n - PDM,MT“%SILSMT"J [Shpa(e™ —a-P))

_ 1 . .
Q\ Sz (U0 kr,m) = gf SE (006 (ky - Px, 1) | X) (X] O 10)

44



Different regimes

Q —m Q

—_m ~ kr

\ 4
Y Aqen ~ ks / Y e
H

HkT <€ >kT
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Regime 1 Aqgcp= kr < m
eEvaluate TMD FFs

Dy gyq(2m,br, 1, ¢) =6(1 - 2m) Cm(m’“’OXLH(bT’“’ %)

\/_
br My Hf;}}@(zﬂv br, 1, C) = 6(]— — ZH) Cm(m7 s g)XJI_,H(bT7 M EC)

eNew scalar bHQET TMD fragmentation factors:

1 1 b
xua(br) = = tr F (by) Xt (br) = St 52 Fr (b))
2 2 Lbp

*X1,1 conditional probability to produce H given kr
*X1,H+ conditional density of quark spin w.r.t magnetization axis given by Q and kr
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Heavy Quark TMD FFs

Step 1: tree-level matching to HQET

TMD quark-quark correlator

[Isgur, Wise '89 & "90; Eichten, Hill '90; Grinstein '90;
Georgi '90; Korner,Thompson '91; Mannel, Roberts Ryzak '92; Fleming, Hoang,

Mantry, Stewart '08]

1 b v (p= /s -
( Anjozrbi) = g [ e URI0P D f (0 W(0) i (b) [HX) (X g W 0)

HQET matching x

h
51 Q. o
T Bupelrnb)= P H)Eﬂm %Qh
. h
. : Heavy quark TMD FF correlator — carries all non-perturbative dynamics!
HQET; do(a) = e hy (x) [ g X) = /i |Hy, g X)

HEP theory seminar | University of Cambridge | Rebecca von Kuk | May 08 2026



Heavy Quark TMD FFs

Step 2 : decou ple I ig ht deg rees Of freedo m [Korchemsky and Radyushkin '92; Bauer, Pirjol and Stewart *02]

Clebsch-Gordan coefficients

N
e Y

Z Z Z U(’U,hQ)’a(U,hb) <SQJhQ;S£7h£|8H7hH><8H7hH|SQ7hb;557h2>
hg hQ,h’Q he,h,

heavy quark spinors

DO |

FH(bl) =

y Ni Tr g; (0| W (b,) Yo (by) |56, he, fo; X) (50, b, fo: XY, (0) W(0) 0)

TNRACH

. : light spin density matrix — carries all non-perturbative dynamics!

decoupling:  h,(x) =Y, (x) hg,o)(il?)

48



Regime 1 Aqgcp= kr < m

eDecouple light degrees of freedom

ho(2) = Yo(2) by (2)

Clebsch-Gordan-Coefficients

-

~

1
FH(bL) = 5

2. 2,

Z ’LL(’U,hQ)’L_L(’U, h,Q) (SQ7 hQ7 S¢e, h£|8H7 hH) <8H7 hH|8Q7h,Q7 S€7h2>

hi hq,hiy by,

< T (O (b) Yab) e, e, o X) (e, £ XI Y (0) W(0) o)

(&

(G g

pe.hony, (bL)

epy¢.ne he'(by) light spin density matrix, encodes all non-perturbative physics

49



TMD definitions

*TMD quark-quark correlator

1 DY . i
Anjo(ziiby) = 5= [ e TR0 D f (0| W (1) wo(6) [HX) (HX| 4 W 0)

ekT: transverse momentum of heavy quark, b:: its Fourier conjugate
ozy: fraction of the quarks lightcone momentum retained by the HQ

*P-4:large lightcone momentum of the heavy hadron

Unpol TMD FF: Collins TMD FF:
_ [P b
Dy (z1.br) = tx] 5 Ay (211, b1) | HD Gt ) =t B o)

50



Results for unpolarized TMD FF

*Performing trace sets ho=hq' and hyz=hg'

Dy g (2, b1, 1,C) o< x1,8(07) = 5 Ty Tho Zn, (50, has se, hulsm, hir )2 Pengng (01)

D (s¢ =1/2, sy =0) D* (s¢ =1/2, sy =1)

X1, D(bT) = ! [,OE ++(bi) + Py, ——(bi)] X1, D*(bT) = ; [,08 ++(bi) + P, ——(bi)]

*Three times as likely to produce D* than D!
efor the first time: show that relations hold point by point in kr

[proven for inclusive fragmentation Falk and Peskin '94, Manohar and Wise '00] 51




Different regimes

Q —m

Q —meiT

\ 4
— Aqcp ~ kr / 7 v Aqcp

52



Results for unpolarized TMD FF in Regime I
eMatch into bHQET at W~m~ kt  [Nadolsky, Kidonakis, Olness and Yuan '03]

m

D1 m/q(28, b1, 11, ¢) =y @io(2m, b, 11, Q) X + O (M) + O(Aqepbr)

*New perturbative matching coefficient:

d1q/q(zm,br, 1, () = U’[g AQ/Q(ZHabL)] =6(1-zg)+O(as)

oxn total probability of Q to fragment into H

ssymmetry relations hold for all values of kr and to all orders in ag !
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Heavy Quark TMDs

Results for unpolarized TMD FF at NLO

eCalculate d, ,o(zy, by, p,{) to NLO [RVK, Michel, Sun ‘24]
| 2
SO | T
&—@ + ®4€€;E’—®

| S

! w, ki
4,

dy Q/Q(ZH7 br, i, C) = /@w_@m_,(g)

p

I
w, ki : w, k1 w, k1

= Application: mass effects for EEC in back-to-back limit in e*e- collisions
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HQ TMD PDFs

Setup

eConsider production of a heavy quark Q with from light partons within a (polarized)
nucleon N

eHeavy quarks is pair produced in initial state gluon splitting at &/ ~ m

TMD PDFs can be calculated by matching them onto leading collinear PDFs
- [Bacchetta, Diehl, Goeke, Metz, Mulders and Schlegel 07, Ebert, Gao and Stewart 22]
eTMD PDF decomposition: ’

i k h
Po/n(w, kL) = {le/N + Q1L QN Sty + Bip gn ST Mj\r +hig/Nn Mj\] + (terms oc SL)}—

4
eS| : longitudinal nucleon polarization, My : the nucleon mass

eall terms S, vanish at order ag
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HQ TMD PDFs

Setup
eTMD PDF decomposition:

k F
Do/ (@, k1) = | f1@/1\f+91LQ/N'W3+h1LQ/N'y My e, )}7/L

*Collinear PDF decomposition: [Collins “11]

w gi” €
(I)g/N(x) - Ty foyn () + b gg/N(x'

eunpolarized f1 and Boer-Mulders h1+ match onto unpolarized PDF fq

eHelicity g1,. and Worm-gear hy. + match onto helicity PDF gq
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HQ TMD PDFs

Results

eunpolarized quark from unpolarized gluon:

2 k%(1-22+22%) + m?
C“) k Tr0(2)0(1 - T
(Z 7,m) =Tr O(2)O0( Z) (l<:,_2r+m2)2

[Nadolsky, Kidonakis, Olness, Yuan '02, Pietrulewicz, Samltz Spiering, Tackmann ’17]

*NEW: longitudinally polarized quark from longitudinally polarized gluon:

k2(22 -1 2
D (o kpom) = T ©(2)0(1 - 2) 2 Fr(22=1) +m
T

Qn/gn (k2 +m2)>
eNEW: transversely polarized quark from longitudinally polarized gluon:
4 mkp(z-1)

(z,kr,m)=TrO(2)0(1-2) —

Q /g| 7w (k2 +m?2)2
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Predictions for Belle Il and the future EEC
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Predictions for Belle Il and the future EEC

b
UNIVERSITAT
BERN

HQ TMDs ine™e QDO Q Q o
10:\ T T ‘ T T 7T ‘ T T 7T ‘ T T T ‘ T T 7T ‘ T T \: 2.57\ L ‘ T T T ‘ T T T ‘ T T T ‘ L T T T 1]
= _ b C 2 -
9; A ete” — DDX (10GeV) 2.0~ ep — eDX (18 x 275 GeV*) =
8;* /’ \\ RH=500MeV€ 1.5 z =0.2,Q = 10GeV, kg = 500 MeV =
7i / \ AHL = :I:(ZOO + 50) MeV 3 1 Oi AHL = :|:(200 ES 50) MeV j
— = 1 = = E 3
X gE ! \ ki1 [MeV] 3 = 050 w1 [MeV] -
s : 500 = I o00F -
g E ! S ---400 S T X ---400 o
§ /= 1 Py — 53—0.55 g —
[y E 1 2Ty XU - —-600 7 < F E
3 ! 2 AR Sos - —1.0 -
= 1 7 N o = e = g 4
2t ) T - ~15- 3
12/ A 3 —2.0 &
05/4."‘ ‘ L ‘ L ‘ L ‘ L ‘ L ‘E _2.5’\ [ RIS BT SRR BT A
0 1 2 3 4 5 6 0 1 2 3 4 5 6
h qr [GeV] e/. qr [GeV]
e
e /e HID @ HID [ g %@ it @ HED
o * ° Rcos(2¢0) = D, ®D @ ‘/\‘l ASin(2¢0) = LLET
Y 1 1 Belle II - /1® Dy
h 7 [RVK, Michel, Sun 23]

59



