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99 — HH and gg — ZH at NLO

Karlsruhe Institute of Technology

R, . ,;

TSy

[Baglio,Campanario,Glaus,Muhlleitner,Ronca,Spira’20]
[Borowka,Greiner,Heinrich,Jones,Kerner,Schlenk,Schubert,Zirke'16]

99 — HH at NLO QCD | /s = 13 TeV | PDFALHC15

24 F —— MS scheme with 77,(m,) +
MS scheme with 77, (M /4)

29 | —— MS scheme with m,(Myy) |

— OS scheme, m, = 172.5 GeV

Ratio to LO
%

Hp =g =Mpyy/2

Full NLO results for different top-quark masses

12 L L L
100 500 600 700 800 900 1000 1100 1200 1300

My, [GeV]

Matthias Steinhauser — Analytic approximations of 2 — 2 processes — RADCOR 2023 2



99 — HH and gg — ZH at NLO

Karlsruhe Institute of Technology
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g9 — HH and gg — ZH at NLO AT

Karlsruhe Institute of Technology
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This talk AT

of Technology

Analytic approach to NLO gg — XY (2 loops)
First steps towards NNLO (3 loops)
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Analytic expansions A“(IT
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Analytic expansions A\

Karlsruhe Insttute of Tec
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® large-mass expansion: m? > st, ...
€XDP [Harlander,Seidensticker,Steinhauser'98] (S, t, m, My, mY)
“simple”: vacuum integrals and massless integrals

at—0
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Analytic expansions A\
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Analytic expansions A\

Karlsruhe Insttute of Tec
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® large-mass expansion: m? > s,t, ...
exp [Harlander,Seidensticker,Steinhauser'98] (S7 t, mt, mX, mY)
“simple”: vacuum integrals and massless integrals

at—0
Taylor expansion
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High energy expansion A\[{|

Karlsruhe Institute of Te

[Melnikov, Tancredi,Wever'16.. .., Davies,Mishima,Steinhauser,Wellmann'18]

.applied to gg —+ HH
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Padé improvement A“(IT
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Uncertainty estimate:

a more weight to PAs which have poles further away from the
evaluation point

® more weight to PAs which are derived from a larger number of
expansion terms

a more weight to near-diagonal PAs

> central value and corresponding uncertainty
for each phase-space point (s, pr)
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High energy expansion © PA AT

Karlsruhe Institute of Technology

o expansion up to Nipax = (m?)%

o construct PAs with input for (Nmin, Nmax)

Re [G5(1.1,1,1,1,1,1,-1,0)][ 0 , pr = 40GeV Re([Gso(1,1,1,1,1,1, 1, =1,0)]| .0, pr = 40GeV
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-100 B
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V5 [Gev) Vs [GeV)
—— Padé(14,16) — Padé(49,56) O FIESTA
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High energy expansion & PA AT

Karlsruhe Institute of Technology

e expansion up to Nimax = (mf)*

e construct PAs with input for (Nmin, Nmax)

PA is a precision tool \ - % - - -

Re[Gs9(1,1,1,1,1,1,1,-1,0)]| 0 , pr = 40GeV
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—— Padé(14,16) — Padé(49,56) O FIESTA
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High energy expansion for gg — HH

. electroweak correction: H exchange

w Als t>> m? > (miit)2 (met)2

m B:s, t>> m? ~ (mit)? > (mg)?

a expand in
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[Davies,Mishima,Schénwald,Steinhauser,Zhang'22]
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t — 0 expansion AT

Karlsruhe Institute of Technology

[Bonciani,Degrassi,Giardino,Gréber'18]
[Bellafronte,Degrassi,Giardino,Gréber, Vitti'22; . . .]
[Davies,Mishima,Schonwald,Steinhauser'23]

m forward scattering kinematics

a Taylor expansion

= same differential equations as for high-energy expansion ({s, t, m?})
a construct for each Ml expansion in ¢

m BCatt=0: f(s/m?)

= compute f(s/m?) with “expand and match” (raei Lange schonwaid steinauser2122)

[see talks by K. Schénwald and M. Egner]
with starting point: m; — oo (“simple”)
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t —0at1loop

Karlsruhe Institute of Technology.
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Combine: t — 0 and h.e. at 2 loops AT
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Combine: t — 0 and h.e. at 2 loops
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Karlsruhe Institute of Technology
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Can we go to 3 loops? AT

Karlsruhe Institute of Technology
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Can we go to 3 loops? ﬂ(“

ftute of Technology

large-mass expansion: DONE [pavies steinnauser9]
:NO
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Can we go to 3 loops? A“(“

large-mass expansion: DONE [pavies steinnauser9]
:NO
R, -7

t — 0: YES, if we can do the reduction for E F {s,t,m?}

= currently not possible
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Can we go to 3 loops? A“(“

large-mass expansion: DONE [pavies steinnauser9]

:NO
Re, -7
t — 0: YES, if we can do the reduction for E F {s,t,m?}
9 Sss
= currently not possible
But: invert order:
expand in t = no t dependence
Re, -7
reduce: f F {s, m?} (still challenging)
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Fermionic corrections ﬂ(“

R g .

" ey

T
at=0,my=0
a 31 integral families tapir: [Gerlach,Herren,Lang]
a 1 76 MIS kira: [Klappert,Lange,Maierhéfer,Usovitsch'20]
m useful: LiteRed [Lee], LIMIT [Herren], Feynson [Magerya]
a reduction: about 1 week for most complicated family
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1- and 2-loop results for t =0

Karlsruhe Institute of Technology
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fort=0,my =20

PRELIMINARY [Davies,Schénwald,Steinhauser]
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Conclusions A“(IT

m Combination of expansions (large-m;, high-energy, t — 0) successful

m Do we still need numerical integration for NLO 2 — 2 processes?
YES! ...but less

@ 3-loopgg — HH, 99 — ZH, g9 — ZZ, ...
(with massive m;, my, mz) in reach
semi-analytic { — 0 expansion
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