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[Baglio, Djouadi, Rq, Mithlleitner, Ruevillon, Spira 12]
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Other gluon fusion Processes

Off-shell Higgs boson

9. 0000, 9
t>H t‘
I o500 4 I

[Kawer, Passarino 12, Caola, Melnilkov 13, campell,
Ellls, Williams ‘137
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allows for Higgs width measurement
probes trilinear Higgs self-coupling [Haisch, Koole '21]

probes light quark Yukawa couplings — [Balzani, Rq, Vit 2=]
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Other gluon fusion Processes

Off-shell Higgs boson
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g /Z
Vs =13 TeV o [fb] o/onLo — 1
LO 36.848(1) TT1% —24.8%
NLO 48.990(2) TH% —
qgNNLO 52.07(4) % +6.3%
o [fb] 0/0ge.0 — 1
ggLO 4.2067(3) +25.6% —
does not contatn top Loop ,}4gggNLO 7.80(2) 1% +81_5DO

drives uwoertaiwtg at NNLO ®RCD

[arazzini, Kallweit, Wiesemann, Yook ‘21]
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Other gluon fusion Processes

VH production
9. 9000, I
t,b|
I To50 I

third Largest cross section for Higgs production

measurement of h — bb
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Higgs pair production

compu’ccd LA fuLL top mass depewolewoe LA [Eorowka et al 26, Baglio et al 18]

large top mass renormalisation scheme dependence [Baglio et al '1€]

’ ’ ’ ’ ’ ’ H L L h t L ,1
Lmplemented tnto POWHEG using a grid for virtual corvections [Helnrich et al "1 7]

o9 -> ZtH
computed in full top mass dependence L LChen et al '22]
09 -> ZZ
, [Manteuffel, Tancredi 15, caola, (Dowling),
massless LDOPS OOVWPM'th tn Melntkov, Rontseh, Tancredl 16
) ) [qrazzint, Kallwelt, Wiesemann, Yook 18;
L MATRIX and MLNNLOp< Buonocore, Koole, Lombardl, Rottoll, Wiesemanmn
Zanderight ‘2117
top Loop computea Ln [Bronnum-Hansen, Wang '241;

Agarwal, Jones, von Manteuffel ‘20, '241



Gluon fuston @ 2 Loop in RCPD

Higgs pair production

computed tn full top mass dependence wumericaLLg LA [Eorowka et al 26, Baglio et al €]

large top mass renormalisation scheme dependence [Baglio et al 1]

L L 1 : : . Helnrich et al "1
Lmplemented tnto POWHEG using a grid for virtual corvections [Helnrich e 71

g9 -> ZH

computed Ln full top mass dependence ninerically in [Chen et al '22]

09 -> ZZ

[Bronnum-Hansen, Wang '21;
top Loop oovauteol nWUmerLea Lng L Agarwal, Jones, Von Manteuwffel ‘20, '24]

Mowte Carlo

caw the virtual corrections be also computed awaLgticaLLg? . ST RS alicati
" ~ top mass renormalisation

scheme uwcer’caiw’cg
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Approximatiows

Higgs pair production BT

[Bonciant, Degrassi, Glardino, RG’ 18]

0.12
0.1 pr expansion
NLO RCD
% 0.08 " [Davies, Mishima,
= Steinhauser,
- wellmanwn, " 18
= 0.06 wn, " 18]
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Approximatiows

H'ngs PD(LV ‘PYDD[I/LGtLO Ww compLemew’carg, can be combined
' [Bellafronte,
0.12 Degrasst, giardino,
RG, VLittl '22;
o , pavies, Mishima,
' pr expansion Schinwald,
_ Stetnhauser '2=2]
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we can use ¢ ~ () — pZ= ~ 0
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An 4
A tu_m
Wwe can use 1 ~ () — pi= H .0
\)
But  pi~0 — —— (~0 U~-—3F§

two cases
\ A A

we are lucky though
MEE(E, ) = M, 1)

sy mmetrie Lin t and u
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A 4
A tu_m
Wwe can use 1 ~ () — pi= H .0
\)
But  pi~0 — —— (~0 U~-—3F§

two cases
\ A A

we are lucky though
MP(E,0) = M1, 1)

sy mmetrie Lin t and u
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EXpa WSLOW

DBetrine
r# = p{‘ + pg‘ — 27
f — m}% 1 2 2
pH — P (pé‘—p{‘)+r¥ with rr = — pr
Thew we can expand B |
CT0 el — phn S
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EXpa WSLOW

Then we can C)qaawol

C_i~n0 —> a0 —  pl~—pt D
F,=F b, 2 + oL, +
.= F. r r.r “ .
: : P3=—P1 H 0p§‘ e apfl),lapéj
P3=—DP1 P3=—P1

First order pr expansion needs second order ps expansion
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valid for

8,1, > m? > m?,

Diffieulty: mposing the boundary conditions to the Loop integrals
[Mishima '1€]

results depend on s, t and can be expressed in terms of harmonie polylogarithms
up to wetght 4

, , , 5 [HH: Davies, Mishima, Stetnhauser,
Results available up to high orders (16) Lt m, Wellmanm “12; Z.H: Davies,
Mishima, Stetnhauser, Wellmann
'20; Z,Z,: Davies, Mishima,
Stetnhauser ‘217

Padé approximants can push validity down to pr ~ 150 gev
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New POWHEG tmplementation

virtuwals with expa nsion technigue ana Latﬁoa Ly

[Hirschi et al. 11]

reals with Mad Loop
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New POWHEG tmplementation

[Bagnaschi, Degrasst, RG ‘23]
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flexibility of analytic approach allows to vary top mass renormalisation scheme
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20 20
APP? (py, pa,p3) = ) SI7 fi(3, € @, my, my), P A 01p2ps) = ) P A Gy my),

=1 1=1

20 Lorentz structures 20 projectors

16 with norm now equal zero

Mls expressed in terms of GPLs

4 Prexpa nsLon
two elliptic tntegrals
[Von Mawnteuffel, Tancredi 17
Bownclant, Degrasst, Glardino, RG, '1£]

combination with results in high-energy limit

via Padé approxima nts
[Davies, Mishima, Stetnhauser,
wellwmanwn '20]



Compa rison with

|8l/m,*

|2l/m,*

09-> ZLZ
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[Agarwal, Jones, von Manteuffel '20]
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Top-mass scheme LO [fb] oro/o95 | NLO [fb] | onro/o%io | K = onro/oro
7.2% 7%

__ On-Shell 64.01757 2% - 118.61 972 - 1.85

MS, = Mzp/4 | 594055055 | 0.928 | 113.37)752 0.955 1.91

MS, = my"S (my"®) 57.95T200% 1 0.905 | 111.7+177% 0.942 1.93

o MS, pi; = Mz /2 | 54.227208% | 0.847 | 107.97382% | 0.910 1.99

' LO. On-Shell MS, e = Mgy | 49.237205% 1 0.769 | 103.37}28% | 0.871 2.10

NLO, On-Shell ——
T -
osb [  Ipegrass, RqG, Vittl,
Zhao '22] NLO RCD corrections tmportant

top mass remormalisation scheme
dependence sitzeable
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[Degrasst, RG, Vittl, Zhao '22]
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Z, vadiation: BwW logs of type log*(m;/Mz,;)




* Precise predictions for 2 -> 2 gluon fusion processes important -> multi-scale problem
+ analytically they can be computed using various expansions and combine them

* for Monte carlo a analytic approach showed here is useful and can be sufficiently
precise

« Mowte Carlo with analutie approach s very flexitble and can be eastly extended to BSM
Y PP Y Y

* to be explored: how cawn the idea of the expansion be applied to more complicate cases?

[Pavies, Schonwald, Stetnhauser (Vittl) 22 ('24)]

Thawks for Your attentilon!
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We had a discrepancy with respect to the POWHEQG by [Helnrich et al ‘20 ‘221 when

varying the trilinear Higgs self-coupling

BP1* at NLO comparing old and new grid (13 TeV)
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'ﬁasic ﬂes‘(‘w Iw\‘{gmis o PR

E @3) 8 (s, 35) @p
(229 .- - (4, 46 ) D * all of them knowwn, though we

needed to recompute some for the

(4,43) V (4,53) 4} {D @ forward kinematics
(4,99) @O (5 407) b@

(5. 55) 4 <ﬁi (s/60) :;_D—
(&, 123) >@i | B! (s,79) b

.’ > : g 14 ' : T
m /(7 i m €l Gu) -OP o) -OO- @) <0

* O(50) master integrals

~

* everything fully analytic in
terms of HPLs and GPLs

* But: the two elliptic integrals™



massless Loops: , ,
also .t MULNNLO»<

[Mantewffel, Tancredi 15, Caola, (Dowling),

, ; , [Buwownocore, Koole, Lombardl, Rottoll, Wiesemann -
MelntkRov, Rontsech, Tancredl 16 1

Zanderight ‘211
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