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Introduction

e grfactorization and resummation in SCET
® Higgs gr spectrum

® measurement of the Yukawa coupling

Quark initiated Higgs production
® N3LL'+ aN3LO prediction for bbH , ccH and ssH

y y: Interference in gluon fusion
* state of the literature

e different regimes

¢ cancellation of endpoint divergences

Summary
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Introduction



Introduction

Kinematic distributions
® kinematic distributions and differential cross sections are particularly interesting

® for Higgs production: most Higgs bosons are produced with small transverse
momentum qr

®n this kinematic region the fixed-order perturbative expansion is no longer valid
® cross section diverges and needs to be resummed!

H /IqT
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Introduction

Large logs

® consider cross section for gr<< Q=my

o(gr) ~1

8
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10

g

s

2
) [024 ln;LT/Q +C93 lngT/Q +C99 lngT/Q +]
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4
) [(336 lngT/Q +C35 lngT/Q +C34 lan/Q +]

ofor ¢r — 0 logs become large aslog”(qr/Q) ~ 1

o switch from fixed-order to logarithmic counting
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Introduction

Large logs
® consider cross section for gr<< Q=my

s
o(qr) ~1+ ym [012 lngT/Q Herr Ing, 0 +610]
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g
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o switch from fixed-order to logarithmic counting
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Introduction

Resummation from RGEs
@factorize cross section: c(@iqr) = H(Q,pn)x F(qr, ) == log q—; = log%+ log %T

@Write down renormalization group c.f. running coupling

@Solve RGE between px=0Q and ., =¢; (“running”)

DESY. Mass effects in the Higgs ¢r spectrum | Rebecca von Kuk | TUM/MPP Collider seminar Nov. 12 2024 4



Introduction

Resummation from RGEs
@factorize cross section: c(@iqr) = H(Q,pn)x F(qr, ) == log q—; = log%+ log %T

@Write down renormalization group c.f. running coupling ,udiozs = B(c,)
7!

,UJ% H(Q, M) = I:F(Cks) 10g % T V(CVS):I H(Qa :u)

@Solve RGE between px=0Q and ., =¢; (“running”)
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Introduction

Resummation from RGEs
@factorize cross section: c(@iqr) = H(Q,pn)x F(qr, ) == log q—; = log%+ log %T

@Write down renormalization group c.f. running coupling ,udiozs = B(c,)
7!

,UJ% H(Q, M) = I:F(Cks) 10g % T V(CVS):I H(Qa :u)

@SOlVG RGE between ,LLH:Q and [Lr =7 (“running”) Q 4 — H

o(Q,qr) :H(QMH)(?XP[IW Mi

Gy (...)]x F(qr, ur)

“Logs resummed to all orders by exponential ’ Y
T -

®LL, NLL, etc. corresponds to loop orders of H,/,T" and v
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Introduction

gr factorization
® SCET factorization theorem separates scales at cross section level

o Hard function: virtual contributions on hard scale
® Beam function: collinear radiation
® Soft function: soft, isotropic radiation
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Introduction

Resummed cross section

® solve RGEs for H(pn), B(ps) and S(gus) to resum 0.020

logs % 0.015
® resummation generates Sudakov peak for gr< ) % 0.010
o for gr~(Q the fixed-order prediction is sufficient g 0.005
® transition connects fixed-order and 5 0.000

resummed prediction ~0.005
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Motivation

Higgs gr spectrum
® allows to access quark Yukawa couplings from Higgs production
complementary to measuring it from the final state
®initial state discrimination [Ebertetal 16, Bishara at al. “16]

the gr spectra of gluon fusion and quark-initiated Higgs productions have
different shapes

® goal: combine different prediction and fit the Yukawa coupling

do(pp — H)  ,doy | dow | odopy
— Yt - YtYb ~ Yp
dgr dgr dqr dqr
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Motivation

Yukawa coupling from Higgs production
ofit to the the H - v~ qgrspectrum

Yt
® N°LL " prediction for gluon fusion .
*No resummed predlctlon for quark Initiated productlon'
o — L €& [ AmAsRum2 ] Yq
30} | ATLAS - Best Fit - = 'E
- H-oyy, Vs =13 TeV, 139 fb! . <M - - f ;; e e . g
20:_ shape ] Eulg 10—1'f_ SM prediction _?
- 07 4
op ] g c
S | 104'5/”!/ - W < | - IS
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B N I: 10 | el | ﬂ Z =
_10:_ 4 N &:l- 1.4?"'| LRI LAA! BN LA B AN —
B S 12 =
i b 1 l I h I
—20-—— Obs 68% CL s Exp 68% CL : l 1 i L
----- Obs 95% CL " Exp 95% CL ] “-3:45_1 T AT
—_— L | I | | | | I | | | | I | | | | I | | \7
30——5 0 5 10 Particle mass [GeV] [ATLAS Collaboration ‘22]
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Higgs gr spectrum

do(pp — H) o Ao doyy, o dopp
= | | - (b — Ye
dqr Yt dqr YtYb d Yo dgr (Yo — Ye)
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Motivation

Higgs gr spectrum 15— T t

N3LL/ + N3LO

S T N OO IR N OO A B -
0.0
0 10 20 30 40 50 60 70 80 100 150 200
qr [GeV]
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Motivation

Higgs gr spectrum 15— T t

N3LL/ + N3LO

S T N OO IR N OO A B -
0.0
0 10 20 30 40 50 60 70 80 100 150 200
qr [GeV]
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The gr spectrum for quark
Initiated Higgs production



Motivation

measurement of y,
o the ¢r spectra of bbH,ccH and ssH have different shapes

* precise prediction for gqg — H allows for Yukawa fit from the initial state for
the quark induced channels

® for NNLL+NLO the uncertainties overlap!

> Insufficient precision to distinguish them 0.061 """ 47, H (13 Tev): NNLLINLO -

2 o T 0.05 MSHT20nnlo, mz =125 GeV ]
®goal: N°LL' + aN3LO prediction 2 O ]
9, 0.04 SCETLIB _:
q g - ——ss > H ]
'%0-035—,' ~—ee— H
T 0.02 UU™SNeL bb— H
————— 3 E . -
Yq — 0.01 ; ‘*4:'_--::;_::___5
0.00_I 1 | | | I | | | I | | I I | | | I | | 11 I_
q_ 10 20 30 40 50 60

DESY. Mass effects in the Higgs ¢r spectrum | Rebecca von Kuk | TUM/MPP Collider seminar Nov. 12 2024 qr [GeV] 10



Motivation

measurement of y,
o the ¢r spectra of bbH,ccH and ssH have different shapes

* precise prediction for gqg — H allows for Yukawa fit from the initial state for
the quark induced channels

® for NNLL+NLO the uncertainties overlap!

- Insufficient precision to distinguish them _ 0.06 4 " .7, i (13 Tev): NNLL+NLO -
- - | MSHT20nnlo, myg =125 GeV -
® goal: N3LL’' + aN3LO prediction > 0.05 :
.g. 0.04 SCETLIB _f
q & ;
3 0.03 E
S _
© 0.02F /. Nap. =
_____ S ]
yq E 0.01 SSS S See.. -
0.00I L1 | | | I | | | I | | | I | | | I | | | I |
g 10 20 30 40 50 60
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Resummation

Resummation at NSLL'

® resummation with SCET1ib Iin by space [Bilis, Ebert, Michel, Tackmann]
®ingredients for N3LL'" resummation
Hard function at N3O [Gehrmann, Kara'14, Ebert, Michel, Tackmann "17]
Beam function at N3LO [tuo.Yang, Zhu, Zhu'19, Ebert, Mistelberger, Vita 20]
SOft funCtion at NSLO [Liu, Zhu, Neill'16, Li, Zhu "16]

4-loop cusp and 3-loop non-cusp anom. dim.

[Henn, Korchemsiky, Mistelberger “20, v. [Li, Zhu "16, Valdimirov'16]
Manteuffel, Panzer , Schabinger 20]

for gr~ my use hybrid profile scales to turn off resummation
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Fixed order prediction

qqH + jet prediction

® LO; analytic expression implemented in SCET11ib
®* NLO; implemented gqH in MC event generator Geneva (aioli et al. ‘14]
Use OpenLoops matrix elements  [Bucciconietal. ‘19]
aNNLO;: approximate something that could be NNLO;
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N:LL’' + aN°3LO prediction for ggH

ss — H (13 TeV)
MSHT20nnlo, myg =125 GeV

0.030
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0.015
0.010%
0.005 7
0.000

SCETLIB

B NALL/+aN’LO
== N°LL+NNLO
NNLL+NLO

do /dqr x 10* [pb/GeV]

I|IIII|I

bb — H (13 TeV)
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[Cal, RvK, Lim, Tackmann. ‘23]
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N:LL’' + aN°3LO prediction for ggH

* note: plot is cut at 5 GeV 0.030F
» using factorization theorem for massless = 0,025§—
quarks % 0.020%—
b-quark mass effects become relevant %‘ 0.015
need to include mass effects! § 0.0105
not an issue for ¢ and s because they < 0.005 4
are much lighter 0.000

I|IIII|IIII|IIII|IIII|IIII|IIII|IIII

bb-—)l¥(137ﬂ9¢)—
MSHT20nnlo, myg =125 GeV I
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i I
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N:LL’' + aN°3LO prediction for ggH

— 0-0¢ q7 — H (13 TeV): NNLL4+NLO | . 0.06
% 0.05 MSHT20nnlo, mg =125 GeV _; % 0.05
'g 0.04 SCETLIB _: .C_D. 0.04
S 1 &
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* theory precision high enough uncertainties to allow clear distinction!
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Motivation
Higgs gr spectrum 15— T “ 2\/
N3LL' + N3LO

/
do(pp — H) o Ao doyy o dopp,
S : | - (= Ye
dgr I dqr Jedb dqr 7 dqr (e = be)

!

o— H

N3LL' + aN°LO

b

b
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Motivation
Higgs gr spectrum 15— T “ 2\/
N3LL' + N3LO

/!
dO'(pp — H) Qdo-tt dO'tb de'bb
— Y | YtYb | Yy | Yb —7 Ye
dar tdgr UGy Uiy T (W = Ye)
b Yo | Yt bl; — H \/ >J'b _____
b D N3LL' + aN°LO b
b _
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Motivation
Higgs gr spectrum 15— T “ 2\/
N3LL' + N3LO

ha
dO'(pp — H) QdO'tt dO_tb de'bb
=Y = YtYb =Y - (Y — Ye
dgz gy Y ggy T Uggy e 7 o)
¢ Yp | Yt bl; — H \/ >J'b ____
b | ) N3LL' + aN°LO ;
b b b
- b Yo | Yo !
b b
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bottom-mass effects in gg—H



Motivation

bottom mass effects in gluon fusion

® now: consider gg — H with massive bottom-quark loop

® usually consider top-quark loop since m; > m,

* bottom loop gives O(5 — 10%) contribution from interference with top-quark
® lighter quarks only make up for a few percent of the Higgs cross section

"

b A -

5
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Notation and conventions

Lightcone momenta

® use lightcone coordinates p=(p*,p~,p.)
® power-counting: small parameter A =m;/mu < 1 n,b,v
> collinear p* ~ (A%, 1, \) \Zj
» anti-collinear p* ~ (1,\%, \) k2 - S0l
> soft p ~ (AN, ) Y '/
» Higgs minus momentum ¢ =w, f vk
e fraction of total minus momentum: &= k2™ /w,

nt _ nt o
nM:(l’O’O’1)7 ﬁM:(LOaOv_l)a p“:7p +7p++pfv p =n-p, p+=n-p
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Mass effects In gg—H

so far: form factor F(m;,mg)

® subleading power factorization and

resummation of form factor for m,; < ()
[Liu, Neubert ‘19,Liu, Mecaj, Neubert, Wang ‘20,
Liu, Neubert, Schnubel, Wang ‘22]

N :

bA -

e

® F(ms,my) depends on two scales

® renormalization and treatment of endpoint
divergences is active field of research

[Beneke, Ji, Wang ‘24]
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Mass effects In gg—H

Notation LO NLP diagram

hard collinear anti-collinear soft

— + 2x
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Endpoint divergences at LO

® regulate endpoint divergences just like rapidity divergences
® example: LO NLP collinear contribution:

Céﬁg)(f) =43

‘ (1- §)wn

f ©
) '-‘oc +(9()

(0)
By xx

— fdg(é Swn
1

® ; IS not a rapidity divergence!

® the “true” rapidity divergence (related to gr spectrum) comes later from the phase
space integral over k!

DESY. Mass effects in the Higgs ¢r spectrum | Rebecca von Kuk | TUM/MPP Collider seminar Nov. 12 2024 21



Endpoint divergences

LO NLP contribution

1 Ewn ™ 1 [(1=8w,|” v
de | = |22 .
f §(£ v +1—€‘ v o x2
i |3 Sy
Jorar e | v €5 -0

¢ all endpoint divergences cancel between soft and collinear contributions!
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Mass effects In gg—H

so far: form factor F(m;,mg)

® subleading power factorization and

resummation of form factor for m,; < ()
[Liu, Neubert ‘19,Liu, Mecaj, Neubert, Wang ‘20,
Liu, Neubert, Schnubel, Wang ‘22]

N :

bA -

e

® F(ms,my) depends on two scales

® renormalization and treatment of endpoint
divergences is active field of research

[Beneke, Ji, Wang ‘24]
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Mass effects In gg—H

so far: form factor F(m,,mg) now: qr spectrum do (gr, ms,mz)
© subleading power factorization and ® grmeasurment adds additional scale

resummation of form factor for m,; < ()

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

Liu, Neubert, Schnubel, Wang ‘22]

g

b %
. - <) A o
b
5 T
® F(ms,mu) depends on two scales ® add emission kr~qr

® renormalization and treatment of endpoint
divergences is active field of research

[Beneke, Ji, Wang ‘24]

o still have my < @), but kr can have
different scalings
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Different regimes

consider different scalings of &r

® emission krintroduces additional scale to the calculation

O

kr < mp < mpy

mpy

(1

]CT ~ Ty < mg
myg

My, k1

)

my < kr < my
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Different regimes

consider different scalings of &r

® emission krintroduces additional scale to the calculation

kr < mp < mpy kr ~mp < my
M gy mpy
mp My, kT
kT

DESY. Mass effects in the Higgs ¢r spectrum | Rebecca von Kuk | TUM/MPP Collider seminar Nov. 12 2024 24



Factorization theorem

® only valid in a very small region of the ¢» spectrum

® use standard factorization for ¢r resummation with n;=4 massless flavors

= 2Re[Cy . (mu) Cygo(my, mu )] By(qr) ® By(qr) © Sgq(ar)

I~y SARRN. AR RN AR RARNE

% 0'8; gg—)H—)’y’y(l?)T V)

O o7 rEFT, my = 125 GeV ]

< o

f’x 0.6 = NCLL/4N’LO 3

= E= N°LL+NNLO E

Sosfl |\ .T = B NNLL+NLO =

~ 0.4 +ATLASP eliminar; y,

T (139fb7 ")

_g 0.3 =

E 0.2

Qo1  TIESS Tk

N N I A P '
0 10 20 30 40 50 60 70 80 100 150 200
11 gr [GeV] |

krmy My
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Factorization theorem

® only valid in a very small region of the ¢» spectrum

® use standard factorization for ¢r resummation with n;=4 massless flavors

dO'yt Yb
dgr

= 2Re[Cy i (ma) Cygo(my, mu )] By(qr) ® By(qr) © Sgq(ar)

/ %O'ST T g H oy (13Tev)

O o.7E rEFT, my = 125 GeV |
S~ C
f’x 0.6 = NCLL/4N’LO 3
gg % H = TF E=": N’LL+NNLO E
Sos5 |\ . NNLL+NLO =
~ 0.4 +ATLASP eliminar; y,
T (139fb7 ")
_g 0.3 =
_____ E 0.2
Qo1  TIESS Tk
N N I A P '
0 10 20 30 40 50 60 70 80 100 150 200
11 gr [GeV] |
krmy My
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Factorization theorem

® only valid in a very small region of the ¢» spectrum

® use standard factorization for ¢r resummation with n;=4 massless flavors

dO'yt Yb

dgr

= 2Re[Cy ¢ (ma) Cygo(mp, mu )] By(qr) ® By(qr) © Sgq(ar)

/ P
g 0.75 +EFT, my = 125 GeV_|
Q F = N(LL/+N°LO E
gg _> ]1 £ 0.65 === N3LL—:NNLO E
b Sosfl [\, T == NNLL+NLO =
~ 0.4 + ?TL;:S)Preliminary =
139 fb! 3
from ° S §os
----- b = 0.2 =
] S S E
= 0.0 RS B S B U PPN v O B = -
f f 0 10 20 30 40 50 60 70 80 100 150 200
orm tactor T o :
11 |
krmy M
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Factorization theorem

® only valid in a very small region of the ¢» spectrum

® use standard factorization for ¢r resummation with n;=4 massless flavors

do
dztyb - QRG[Cg*gt(mH) ngb(mba mpy )] Bg(QT) & BQ(QT) ® Sgg(CIT)
. e : / ~
K N VAR
o b o EEE
from b gr resummation  :.; R
“““ b =02

form factor
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Different regimes

Consider different scalings of kr

® emission krintroduces additional scale to the calculation

(1

I
kT < my

mp kr ~mp < mpy

mp

My, k1
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s 0.8 gg — H — v~ (13 TeV)

g 0.7 rEFT,myg = 125 GeV
g 0.6 == N’LL’+N°LO

— E=" N3LL+NNLO

& 0.5 I\ T NNLL+NLO

E 0.4 - ATLAS Preliminary

z \ (139

o)

R 0.3 \ «4

m; 0.2

~ 0.1 s ]

]

~ 0.0
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Regime I

Bare factorization theorem k7 ~m, < mpy —l—l—

kT,mb meg

= Hgg(m) By(ar) @ By(qr) @ Sgglar)
+ [ dHuy(€) [Bux (& ar.m) ® By(ar) © Syqlar)
+B4(q1) ® Bp vy (&, 97,m) ® Sge(qr)]
+/d€+d€_beggj(€+)j(€_) BQ(QT) X BQ(QT) & S@th (€+7€_7 qr,m)
L e <f
o S AN

operators: [M. Stahlhofen’s SCET talk * 15, Liu, Neubert ‘19]
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Regime I

Bare factorization theorem k7 ~m, < mpy —l—l—

n ]fT N7 mpg

= Hgg(m) Bg(qr) ® Bg(qr) ® Sgg(qr) }

n

+ [ A€Huy(€) [Bu (6 gr.m) © By(ar) ® Sy (ar)
+BQ(QT) ® Bﬁ,)_cx(é-a qT, m) ® SQQ(QT)]

—I—/d€+d€_beggj(f+)j(€_) BQ(QT) X BQ(QT) & S@W (€+7€_7 qr,m)
L e <f
o S AN

operators: [M. Stahlhofen’s SCET talk * 15, Liu, Neubert ‘19]
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Regime I

n ]CT,mb mpg

= Hgq(m) Bg(qr) ® Bg(qr) ® Sgq(qr) n>® ”%&@

+ [ deHug() [Brn(€ ar,m) ® By(ar) © Sgq(ar) |
+B4(qr) ® Bp gy (&, q7,m) ® Sgq(qr)]

[ QA gy T ()T () Bylar) © Bylar) S5, (6,6 az,m)

L e <f

o S AN

operators: [M. Stahlhofen’s SCET talk * 15, Liu, Neubert ‘19]
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Regime I

Bare factorization theorem k7 ~m, < mpy —l—l—

7l kr,myp mpy
. ﬁ
dy = Hyy(m) By(qr) @ By(qr) @ Sgg(qr) n E&%X@
qrT v

+ [ d€Huy(€) [Bu (6 gr.m) © By(ar) ® Sy (ar)
+B9(QT) ® Bﬁ,)_cx(é-a qT, m) ® SQQ(QT)]

+/df+df—beggj(€+)j(€_) By(qr) ® By(qr) ® S5y (4, £7, g7, m)

%%M %{
o,

_ ] n
operators: [M. Stahlhofen’s SCET talk * 15, Liu, Neubert *19]
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Regime I

Bare factorization theorem k7 ~m, < mpy —l—l—

K ,mp mp
v _ gy (m) By(ar) © By(ar)  Syolar) o
dqr 99 g g % £ 1-¢
+ [ |d€H1,(€) [Buxx (€ ar,m) @ B, 0(ar) :

+Bg(CIT) ® B’ﬁ,)_cx(ga QT,m) ® Sgg(CIT)] / Iy
+ / d€+d€_beggj(£+)j(€_) BQ(QT) & BQ(QT) ® S@W (['_,6_, qr, m)

lead to endpoint divergences! (ust as for form factor)

operators: [M. Stahlhofen’s SCET talk * 15, Liu, Neubert ‘19]
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Endpoint divergences

® expect endpoint divergences in soft and collinear contribution
e form factor F(m,,mu) depends on two scales

e the spectrum introduces an additional scale kr

i) = e (1)

®* how does the additional scale affect the structure of the endpoint divergences?
®in general f.(m/kr) and f,(m/kr) can be non-trivial functions of m/kr
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Endpoint divergences

collinear NLP one-gluon contribution

® Now: add emission kr to contribution from collinear loop

_ _ < <7 T T e
| as S - |1_g n U T RSN )
f v 1—€ vV ﬁBg) % f%ﬂg;x ﬁu% B
B | |

B _A(k_) _B(k") _A(k") _C’(k‘) +C’(k‘)
- 4Ane 2ne Ane 2ne 2ne
_ _AK) B —
o 2ne 2ne :0(770)

® endpoint divergences partially cancel within the beam function but there are left-over
poles
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Emission kr

soft vs. collinear emission

® emitted gluon can be ‘'soft or collinear
® endpoint divergences have to cancel within the same sector
® consider both sectors separately

_ ‘ S| (4
%a@ﬂgz S &%
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Endpoint divergences

collinear LP one-gluon contribution

® contribution from anti-collinear loop can have LP gluon emission

[as(L L NPT B L N
Elv 1-¢1 v L ﬁ% S
< =+ <% ;‘gﬁf
_ AR B(k)
- 2ne 2ne

® endpoint divergences have the same sign as NLP collinear emission
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Endpoint divergences

collinear NLP and LP emissions

/4/ i % /4/ ] _(/g) ,4/ / _(,g) ,4/ - _(,g) %%\/4/ B _(,g) %}%% © Bél) %z%% B
e K K K K B xx (0) g
fd§< : +5- o [ [T ||+ R0 )
n,x 1 \ \ | \
B(l)_ XX ng_(x B7(%2_(X (\ \ \

® uncanceled endpoint divergences for collinear and anti-collinear loops!
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Endpoint divergences

collinear emission
® has to be canceled by collinear LP emission and soft LO NLP!
‘—g ERUL 5Py

B BY _ _
/d€+d€_ [sinh | ™" ﬁ% + g — +A(k ) +B(k )
US ne

® endpoint divergences cancel between diagrams with collinear emission!

Jag( ﬁ%% %iﬁiﬁ& + o f@ﬁ )+ Jarar( %@ %g;, O(°)

® divergences cancel against LP collinear emission!

5(0) s
AN/

vV

® mass and kr dependence are factorized!
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Endpoint divergences

soft emission

® sum of diagrams with collinear emission is finite

2 sum of diagrams with soft emission has to be finite as well!
= free to choose regulator to regulate endpoint divergences in this subset of diagrams!

® LO NLP example for pure rapidity regulator [Ebert, Moult, Stewart, Tackmann, Vita, Zhu ‘18]

(0)

B )+ —n S v
/ detde (6_—) =0 (scaleless)
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Endpoint divergences

soft emission

® use the pure rapidity regulator for NLP soft diagram

N\ " ‘%3¢
/dﬁde— (7) = O(n°)

N\ " ézw
/dﬁdz— (£—> = O(n")

® both contributions are individually finite!
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Endpoint divergences

soft emission

e what about the collinear LO NLP x soft LP emission?

fdﬁ(l %5)5_ (1_5)—?7 fg‘f S + 5§y =

[ (e

1 _ _ 0
L)ema-om S(E +S% _
G

® endpoint divergences from n- and 7- collinear sector cancel!

m

M|}—‘
M
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Endpoint divergences

Summary

Jag( Sl ?%if&; S ﬁ} )+ Jaerae( %ﬁ*%& O(°)

BTN S L R

* all endpoint divergences cancel!

*m and kr dependence factorizes!
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Mass effects In ggH

Next steps

® endpoint divergences cancel \/

e calculate finite parts of the integrals \/

® compare against full QCD amplitude in respective limit [Bauer, Glover 1989]
® phase space integral over emission k

® write paper!
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Outlook and summary



Yukawa fits

® include finite mass effects for gqqH
® combine ggH and bottom-mass effects in gluon fusion

do(pp — H) 2 dUtt\/L - 01(71517\/J 2 dabb\/L (45 — ¥e)
- I t I | C
dgr Y dgr dgr > dgr

* fit the bottom and charm Yukawa couplings from Higgs production!
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Summary

NELL' + aN3LO prediction for ggH
® new prediction for quark initiated Higgs production
® at N°LL’ 4+ aN3LO: uncertainties no longer overlap!

(1/0)do/dgr [GeV ™!

m,, effects in gluon fusion %@
® the emission kr adds an extra scale to the problem 557 {Qf@
e coefficient functions of endpoint divergences could be non- trivial functions of m/kr %

®*m and kr dependence factorizes!
® endpoint divergences from soft and collinear emissions cancel separately
Outlook

® put everything together and fit the Yukawa coupling

Thank you!
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Back up



Impact plots

rel. variations [%)]

]_0 B I | I I I | I I I | I I I | I I I | I I I ]
- 85 — H (13 TeV): N°LL'4+aN’LO :
~ MSHT20nnlo, mg=125GeV ]

8 i - Atotal |
i - = Amatch ]
6 — ~ Ares —]
ar -
2 -
N el T s 2 il P R
20 40 60 80 100 120

qr [GGV]

DESY. Mass effects in the Higgs ¢r spectrum | Rebecca von Kuk | TUM/MPP Collider seminar Nov. 12 2024

rel. variations [%]

bb — H (13 TeV): N’LL’4+aN°LO
MSHT20nnlo, mg =125 GeV

— Atotal

- = Amatch

———
, - -
- N _——-
-~
o~

~




Matrix element definition

Beam function

_I_I_

kT,mb meg

4’”®

- _i‘: <N| Bf’ﬂéz(ki - PX,J.) |X> <X| Xn,sza'Ylan,w(l—Z) |N>

Soft function

ab
/ OS R0

(e707) =

1
e

08,66 — 0 Py, SIS, T Shus(e — a-P)

_ 1 a
u>\ S (07,0 ,/@T,m):gf N1 (0|0 ®*6% (k, - Px, 1) |X) (X] 0% |0)
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/ OS R0
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e
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