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Soft-gluon corrections for HTH~ in 1PI kinematics

Analytical results are applicable to all processes with colorless final states

partonic processes q(pa) + G(ps) = HT (p1) + H™ (p2)

2

define s = (pq —|—pb)2, t1 = (pa—pl)Q—m s Ul = (Jf?b—pl)Q_m2

with m =mpg4 = my-

In single-particle-inclusive (1PI) kinematics we define the threshold variable
s4 =s+t1 +ur = (p2 +pg)? —m?
where extra gluon with momentum p, is emitted

At partonic threshold p, — 0 and thus s4 — 0

In® (s4/m?)
S4

Soft corrections { ] with £ < 2n — 1 for the order af corrections
_|_

Resum these soft corrections for the double-differential cross section

Finite-order expansions — no prescription needed or used
(this avoids underestimating the size of the corrections)

Approximate NNLO (aNNLO) and approximate N3LO (aN3LO) predictions

for cross sections and differential distributions
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Soft-gluon Resummation

do,, s H+H— = Z /dwa dxy Oq/p(Ta, HE) Gq/p(Th, HF) AGyg g+ - (54, L)
9,q

take Laplace transforms dé_q(j—)H'i‘H— (N) = f(d34/s) e~ Nsa/s d6 g+ - (54)

Then d6 .zt g- (N) = ¢q/q(Ng, br) ¢g/q(Ng, ur) d6 oo gt g~ (N, pur)

Refactorization of the cross section
daqq_)HJrH— (N) = v¥q(Ng, pr) vg(Ng, uF) Hch—>H+H— Sqq_>H+H— (N\fp )

where H

7— is hard function and S - is soft function

qfg—H*t qg—Ht

’qu/q(NQaHF)"Lq—/q(ch7MF) _

Vs
_ _(N) = —= — H _ _ S _ —
qg—HtH ¢q/q(Nq’MF)¢q/(j(Nq7“F) qg—HTH qg—HtH (NMF>

Thus dé

Renormalization group evolution — resummation

"
- Vs
g (o+0) Spqmrn- (o0 ()
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resum \/E dl,l/
agresum (M) = exp [Bg(Ng) + Eqg(Ng)| exp |2 = (va/a(Nas as () + 7g)q(Ng, as ()
®E



1 Ng—1_, (1—2)2 .
where Eg(Ng) = P Ay (as(A8)) + Dy |as((1 = 2)2s)
q q 1 — & N q q
0 1

NLO soft+virtual corrections

d25'(1)

@a—-HTH~ _ B as(UR)
dt1 duq - Fqci—>H+H— - {3 D1(s4) + c2Do(s4) + c10(s4)}
where
In”(s4/m?
Dk;(54) — [ ( 4/ )] :
S4
_|_

t1ug i
C3 :4CF and Cc2 :—2CF In (_4) _2CF In ~F ,

m S

—t — t 2
ot (2] o (22)  forna(22) () o
m m m S

and Vi = QCF(—Q—I—CQ)
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a6
qq—HTH~

dtl du1

where Vo = C’% (

NNLO soft+virtual corrections

1 3
50‘3’ Ds(s4) + {50302 — %03} D2(s4)

B 2
+ Co2C1 — CQCSCQ -+ Cgcg + %CQ In (—)

—t I6] —u tiu
— %CF In> (—1) — 700}7 In? ( 1) — 2Ag2) In (1—41) —|—2D((12)

2 2
+ 500 1n? (“—F) ~24% 1n (“TF)} Do (54)

4 s
1 G2 Bo —t1 —uq
+ |:V2 + 5 (C? — V12) - 503 + C3c3ca + ?CF (1113 (W) + In® ( — ))
Bo (2) 2 [ —t1 2 [ —u1 Bo 1h (2) i
—|—(ZCF+AQ In W —|—1n m2 —|— ZCl In ? —Q’Yq In ?
t 2 t 2
+ A 1n L8 ) g (( AE + Po 241 — CpIn L n? [ £E d(s4)
K m4 s 8 d m4 s
2 2 )
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N°LO soft-gluon corrections

a253)
qq—H s
= P R {—Cg D5 (s4) + [—0302 - —6350} Dy(sy)
dtq duq qq—HTH 73 8 8 24

+ cgcy + —czcy — C203 + —c3 — —Bpcgcog — BogCprcgln —5 + 403Aq D3(sy)
2 12 6 n2

3 1 3 2 5 3 Bo 9 2
+ §C362C1—|—;C2—3C2C362+;C363— 763cl+gﬁog263

2
B B K B 3
+ (3¢o — Bo) (——002 -~ Lcpm <—§) +2Aff)) —Copt - —C3X1} Do (s4)
4 2 PR 4 2

1 5 5 15
+ |:5C3C% + c%cl — CQCg,Cl — 5C2C3C% + 5C3c§c2 + ZC%C% — :C4c§
2
B2 5 3 3 m
0 2 0 0 F 2
— —(gc3 — —,BOC303—|—,80C20302—|—(201 —5Cgcg) | ——co — —Cpln | — —|—2A( )
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3 52 M2 5 'u2

0 2 F F
+(60—262)X1+C3X0+4Ag )—i—CFTln (M—Q) —2501451 )ln (—)
R

2
B H B t
—|—C’F—11n( R)+CF—11n< 1?)] D1 (s4)

4 s 4 m
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1 15 5 ¢
2 3 2 3 2 2 2 2 2 3
+ |:5c201 + 3C5c3 — —4 C4c302 — 2C2C303 + Cgcgcl + 2C3C302 + ZCQCSCQ — (gcgcocy — —2 Co

Bo 2
-+ 503 15¢4c3 — 8C3cy — 6C203 + 3¢gcy

2
"
+ (4¢3¢c3 — 3C2¢c2) (—B—O% - B—OCF In (—F) + 2A((12))
4 2

+ ({2c3 —¢c1) X1 +coXg — —Cp | In  — + 1n In
4 2 m?2 s

52 ,M2 52 MQ M2

—|——0c21n2< R)—l——OCFln il ln2 R
16 s 8 s s

—t _

_ ECF 1n2 —1 —|—1n2 "1 +YO D0(84)

8 m?2 m?2

where
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2
+A<2>1n(tlﬁ)1n S I ORI T (enkia N ISR ST I o §
4 m4 s 6 m?2 6 m?2
(om0 L a@) 2 (T ) 2 (I
B q " 2 2 ’
and

B2 2 2 1 2 2
Yy = —C'F—O {ln3 (M—2F> + 1n® (—R>:| + — <CF/81 +850A((]2)) |:1n2 (—2F —m2 [ £
24 MR s 16 ,uR s
2 B1 tiug ny 2 ny 3 “% 3
- A( )Bo-i-CF— ln( )ln i —|—D( ),BOIn _ ki —2A()ln —|-2D()
d 8 m4 s 4 s d s d
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HTH~ processes in 2HDM

[for details see N. Kidonakis and A. Tonero, JHEP 06, 138 (2024)]

partonic processes for charged-Higgs pair production
in type II Two-Higgs-Doublet Model

we consider Drell-Yan type production of HTH~ (left diagram),

which is dominant at low tan
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HTH~ cross sections at 13 TeV

pp — H+H_

cross section via quark-antiquark annihilation at 13 TeV

myr (GeV) o LO (fb) o NLO (fb) o aNNLO (fb) o aNSLO (fb)
T0.0T6 £0.006 T0.005 F0.007 T0.003F0.007 T0.003F0.007
o o 8+_ 5 60014%1%. Boi- o 6+_ 5 b000161_+00' B0 o 7+_ o '0000014100' Boa0 o 8+_ 5 b000026_—|—% Hos0
800 0.0393 _ 5" 0034 —0.0015 0.0454 _ 5 0013 —0.0018 0.0476 _ 5" 0002 —0.0019 0.0478 _ 5" 0002 —0.0019
T0.001T4F0.00052 T0.00030F0.00060 T0.00008F0.00063 T0.00009F0.00063
1000 0.00988 _ 3" 00096 —0.00049 | 291195 5 00038—0.00057 | 291297 5 00010—0.00060 | 2922 4 60003 —0.00060
1500 0 00279000035 T0.00019 | 5 o033 F0-00009 7000022 | 4 00344 F0.00002F0.00023 [ o gosas F0-00001 10.00023

—0.00030—0.00018

—0.00012—-0.00021

—0.00004—0.00022

—0.00001 —-0.00022
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HTH~ cross sections at 13.6 TeV

pp — HT H~ cross section via quark-antiquark annihilation at 13.6 TeV

myr (GeV) o LO (fb) o NLO (fb) o aNNLO (fb) o aNSLO (fb)
T0.017F0.007 T0.006 70.008 T0.003 70.008 T0.004F0.008
o o 5+_ 00 T5 100018 - 7+_ O Z 0 b0aT o 9+_ O T 005 o O+_ OO0
800 0.0463 _ " 5539 —0.0017 0-0534_ " 5016 —0.0020 0-0559_ 5" 503 —0.0021 0-0562_ 5" 5503 _0.0021
T0.0014 F0.0006 T0.0004F0.0007 T0.0001 F0.0007 T0.0001F0.0007
1000 0-0120_ 55511 —0.0006 0.0140_ 5" 5405 —0.0007 0-0146 _ 5" 1601 —0.0007 0-0147 _ 5" 5001 —0.0007
T0.00043 70.00023 T0.000110.00026 T0.00003 70.00027 T0.00002 70.00027
1200 0.00350 _ " 5036 —0.00022 0.00413 _ " 15015 —0.00025 | 299431 _5 00004—0.00026 | 2-29%32_5 00001 —0.00026
pp->H H  cross section VS=13.6 TeV
MSHT20 aN’LO pdf p=m, .
T T T T T T T T T I T T T I T T T I T T T I T T T I T T T T T T T T I:
I — aN’LO T
ok N, aNNLO
1E .~~~ NLO
g LO
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cross section with only NLO soft-gluon corrections is ~1% or less different
from exact NLO — the soft-gluon corrections are dominant

Relative contributions of the different logarithmic powers
consider my = 600 GeV and an energy of 13.6 TeV and set ur = ur = mpgy

contributions to the NINLO corrections

D3 terms: 0.0134 fb

Ds+Ds terms: 0.0189 fb

Dg + D2 + Dl terms: 0.0150 fb

D3 + Dy + D1 + Dy terms: 0.0118 fb

further add the NNLO 6(s4) terms, then full NNLO S+YV correction is 0.0123 fb

virtual contribution to the NNLO soft-plus-virtual corrections is small
the soft-gluon corrections alone are dominant

contributions to N3LO corrections

Ds terms: 0.00993 fb

Ds + D4 terms: 0.0176 fb

D5 + D4 + Dg terms: 0.0155 fb

D5 —|— D4 —|— Dg —|— DQ terms: 0.00898 fb

D5 —|— D4 —|— Dg —|— DQ —|— Dl terms: 0.00200 fb

D5 —|— D4 —|— Dg —|— D2 —|— Dl —|— DO terms: 0.00133 fb

N. Kidonakis. Higas 2024. Upvsala. Sweden. November 202/

12



0.12

0.1

0.08

do /dY (fb)
(=]
2

0.04

0.02

H™ rapidity distributions at 13.6 TeV
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K-factors increase at larger rapidities
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Summary

H*H™ production

soft-gluon corrections through N°LO
in single-particle-inclusive kinematics

results for total cross sections and
rapidity distributions

higher-order corrections further enhance
and improve the theoretical predictions

analytical results for resummation and N°LO expansions
applicable to other processes with colorless final states
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