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Trilinear Higgs self-coupling
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Motivation Calculation of two-loop corrections to A, Numerical results Summary

Next-to-Minimal Supersymmetric Standard Model

Standard Model particles** Supersymmetric partners

OQuarks @ Leptons @ Gauge @ Higgs (OSquarks O Sleptons O Gluino O Neutralinos
bosons @ Singlet Higgs O & charginos
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Next-to-Minimal Supersymmetric Standard Model

Standard Model particles** Supersymmetric partners
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Motivation

Next-to-Minimal Supersymmetric Standard Model

Standard Model particles** Supersymmetric partners

&

OQuarks @ Leptons @ Gauge @ Higgs (OSquarks O Slep utralinos

Tomorrow (plenary): M. Miihlleitner: “Recent Developments of the NMSSM” I*
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Motivation

The CP-Violating NMSSM

Complex Next-to-Minimal Supersymmetric Standard Model

» Complex scalar singlet extension of the MSSM with rich Higgs sector:

vg+hy+ia, .
_ i u _ el%s .
Hd— f ’ Hu—e(p" v, +h,+ia, |1 S‘f(vs*'hs*"as)
d V2
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The CP-Violating NMSSM

Complex Next-to-Minimal Supersymmetric Standard Model

» Complex scalar singlet extension of the MSSM with rich Higgs sector:

vg+hy+ia, .
_ i u _ el%s .
Hd— f ' Hu—e‘p" v, +h,+ia, |1 S‘f(vs*'hs*"as)
d V2

»¢,=h,h, h,a,a, a; and hy h, mixingto h, h, h, h, h, G° and h*, G*
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Motivation

The CP-Violating NMSSM

Complex Next-to-Minimal Supersymmetric Standard Model

» Complex scalar singlet extension of the MSSM with rich Higgs sector:

vg+hy+ia, .
_ i u _ el%s .
Hd— f ' Hu—e‘p" v, +h,+ia, |1 S‘f(vs*'hs*"as)
d V2

»¢,=h,h, h,a,a, a; and hy h, mixingto h, h, h, h, h, G° and h*, G*

Scalar Higgs boson potential
T
v, = (|/\5|2 +mf,d)Hde+(|AS|2 +m,%,u)H;Hu +m2|S|2 + |kS? - A\H, - H,|?

1 3 1,5 2 t 2 1 5t 2
+ [§;<AK5 -AASH, - H, + h.c.] +3 (97 + 92) (HaHy - HiH,)" + 593 1HgH, |
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Motivation

The CP-Violating NMSSM

Complex Next-to-Minimal Supersymmetric Standard Model

» Complex scalar singlet extension of the MSSM with rich Higgs sector:

vg+hy+ia, .
_ i u _ el%s .
Hd— f ' Hu—e‘p" v, +h,+ia, |1 S‘f(vs*'hs*"as)
d V2

»¢,=h,h, h,a,a, a; and hy h, mixingto h, h, h, h, h, G° and h*, G*

Scalar Higgs boson potential

Vy=(siP+ j Vi
= Trilinear Higgs couplings: A,.jk =

+ [%KA,< 96,04;00, |¢=0 %9§|HIIH |2
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Motivation

Theoretical status on accuracy in the NMSSM

Mass corrections ém, Coupling corrections 84,
» full 1-loop v [lots of independent contribs.] v [Dao et al. "13]
» 2-loop O(a,a,) v [Dao et al.'14] v [Dao et al. '15]
» 2-loop O(Oltz) v [Dao et al. "19] v [CB, Dao, Gabelmann, Miihlleitner, Rzehak '22]

> 2-loop O(ai) v [Goodsell et al. 16][Dao et al. 21] X
» full 2-loop X X

> 3-loop O(a,a?) (v [Kant et al. "10][Reyes, Fazio 19]) X
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Motivation

Theoretical status on accuracy in the NMSSM

Mass corrections ém, Coupling corrections 84,
» full 1-loop v [lots of independent contribs.] v [Dao et al. "13]
» 2-loop O(a,a,) v [Dao et al.'14] v [Dao et al. '15]
» 2-loop O(Oltz) v [Dao et al. "19] v [CB, Dao, Gabelmann, Miihlleitner, Rzehak '22]
» 2-loop O(af v [Goodsell et al. 16][Dao et al. 21] X
» full 2-loop X X

> 3-loop O(a,a?) (v [Kant et al. "10][Reyes, Fazio 19]) X

Goal of coupling corrections

» Catch up with 6m, and take into account dominant a, corrections
» Study effects on Higgs-pair production and Higgs-to-Higgs decays (backup)
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Calculation of two-loop corrections to Ay,

Trilinear Higgs couplings at two-loop O(a
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Calculation of two-loop corrections to A,

Trilinear Higgs couplings at two-loop O(af)

L o N @ N @ N ] ] @ N @ N @ N @ N h

i.e. proportional to top mass m, and trilinear stop-Higgs coupling A, (from £__.,)
> Gaugeless limit: g,,g, — 0 (keepingtan6,, = g, /g, fixed)
» Approximation of vanishing external momenta — effective coupling

vy
A

AN
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Calculation of two-loop corrections to A,

NMSSMCALC

NMSSMCALC - Calculator of 1-loop and O((a, + a, + o:K)2 +a,a,) 2-loop Higgs mass
corrections and Higgs decay widths

Features

In the CP-conserving and -violating NMSSM
SLHA input
Use M,ﬂt (0S scheme) or Re A, (DR scheme) as independent input

\4

v

v

\4

Possibility to choose OS or DR scheme in top/stop sector for

m,, mé3, my and A,
Now also calculation of Higgs boson self couplings up to O(aa, + atz)
...and more! (EDMs, g - 2, ...)

v

v

Download from https://www.itp.kit.edu/~maggie/NMSSMCALC/
Christoph Borschensky - Trilinear Higgs Self-Couplings at O(a?) in the CPV-NMSSM - 19/07/23 7 mIT


https://www.itp.kit.edu/~maggie/NMSSMCALC/
https://www.itp.kit.edu/~maggie/NMSSMCALC/

Numerical results

Trilinear couplings: scans

. 230 ; 50 4 « one-loop
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with A, A°™ = [A(mPR, APR) - A(m2%, A%5)] /A(mPR, ADR)
» Within theoretical uncertainties, agreement for most points with the value of
the SM, A2M, = 191 GeV
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Numerical results

Trilinear couplings: size of corrections
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> Correlatio_n with size of mass corrections

» Smaller DR corrections due to partial resummation of higher-order terms (
9
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Numerical results

Higgs-pair production
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Code to calculate Higgs-pair cross sections at hadron colliders: HPAIR [spira et al.]
eff, O(alag+ay)) . . . . .
» UseApyn, + © © asinputto estimate higher-order effects in cross section

(0}
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Motivation Calculation of two-loop corrections to A, Numerical results Summary
Effect on Higgs-pair production for a benchmark point
one-loop two-loop O(a?)
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w/o Aeff w/ \eff w/o Aeff w/ A
» w/o A%T: loop corrections to input parameters only (masses, mixing angles)
» w/ A% loop corrections also to Higgs-pair process/trilinear Higgs coupling

a o XIT
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Summary

Summary and conclusions

First calculation of two-loop O(af) corrections to the effective trilinear Higgs
couplings /iﬁ',fh in the CP-violating NMSSM

» Generally larger than corrections to Higgs masses, but correlated
» Size of corrections between 0-30% in 0S (0-6% in DR) scheme wrt. O(a,a,)

Christoph Borschensky - Trilinear Higgs Self-Couplings at O(a?) in the CPV-NMSSM - 19/07/23 12 ﬂ(IT



Summary

Summary and conclusions

First calculation of two-loop O(af) corrections to the effective trilinear Higgs
couplings ﬁﬁﬁh in the CP-violating NMSSM

» Generally larger than corrections to Higgs masses, but correlated
» Size of corrections between 0-30% in 0S (0-6% in DR) scheme wrt. O(a,a,)

» Impact on h - hh decays similar to 7\,’*‘,’%

» For hh production, renormalisation-scheme uncertainties (~ estimate of
missing higher-order corrections) reduced, still around O(10%)
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Summary

Summary and conclusions

First calculation of two-loop O(af) corrections to the effective trilinear Higgs
couplings ﬁﬁﬁh in the CP-violating NMSSM

» Generally larger than corrections to Higgs masses, but correlated
» Size of corrections between 0-30% in 0S (0-6% in DR) scheme wrt. O(a,a,)

» Impact on h - hh decays similar to ﬁﬁﬁ'h

» For hh production, renormalisation-scheme uncertainties (~ estimate of
missing higher-order corrections) reduced, still around O(10%)

45 Qutlook: Further EW corrections, non-vanishing p,,, catch up with 6m,
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Summary

Summary and conclusions

First calculation of two-loop O(a?) corrections to the effective trilinear Higgs
couplings /iﬁ',fh in the CP-violating NMSSM

» Generally larger than corrections to Higgs masses, but correlated
» Size of corrections between 0-30% in 0S (0-6% in DR) scheme wrt. O(a,a,)

» Impact on h - hh decays similar to Xﬁ‘;'h

» For hh production, renormalisation-scheme uncertainties (~ estimate of
missing higher-order corrections) reduced, still around O(10%)

45 Qutlook: Further EW corrections, non-vanishing p,,, catch up with 6m,

THANK YOU FOR YOUR ATTENTION! ©
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Backup

Backup
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Backup

p problem of the MSSM

Supersymmetry needs to be broken (no light sparticles found so far)

> Add soft SUSY-breaking terms £_ ;, (only masses and couplings with positive
mass dimension), SUSY-breaking scale around ©(103) GeV
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Backup

p problem of the MSSM

Supersymmetry needs to be broken (no light sparticles found so far)

> Add soft SUSY-breaking terms £_ ;, (only masses and couplings with positive
mass dimension), SUSY-breaking scale around ©(103) GeV

However:

Superpotential of the MSSM

~

Whissm = [yeH LEC+yd -QD° - YyH,

u
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Backup

p problem of the MSSM

Supersymmetry needs to be broken (no light sparticles found so far)
> Add soft SUSY-breaking terms £_ ;, (only masses and couplings with positive
mass dimension), SUSY-breaking scale around ©(103) GeV

However:

Superpotential of the MSSM

~

Whissm = [yeH -LEC+y,H,- QD" - HU-OUC]—qu-FI
» pis a SUSY-respecting parameter
» EWSB requires p to be near the EW scale ~ SUSY-breaking scale

= Large cancellations necessary between p and soft SUSY-breaking parameters
or mechanism to relate p to SUSY breaking
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Backup

The CP-Violating NMSSM

Complex Next-to-Minimal Supersymmetric Standard Model

Superpotential of the Z,-symmetric NMSSM

PN A A A an an o~ 1 a
Wymssm = [yeHd-LEC+ded-QDC—y H 'QUC]’/\S"’d°’-Iu+ §Ks3

u-u

» Complex scalar singlet extension of the MSSM (J, k complex, e.g. A = |A|e/%2)
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Backup

The CP-Violating NMSSM

Complex Next-to-Minimal Supersymmetric Standard Model

Superpotential of the Z,-symmetric NMSSM
& oa & aa o aa 2n o 1 2
W, eom = [VoHy - LEC+y A, - QD -y, H, - QU - 1SH, - A, + §;<s3
» Complex scalar singlet extension of the MSSM (J, k complex, e.g. A = |A|e/%2)

» Rich Higgs sector:
vg+hy+iay, .
_ V2 _ pip h" _
Hd_ h- ’ Hu‘e “| v, +h,+ia, | S=
d V2

l(ps

5

“=(vg +hg +iay)
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Backup

The CP-Violating NMSSM

Complex Next-to-Minimal Supersymmetric Standard Model

Superpotential of the Z,-symmetric NMSSM

Wymssm = [ye’:’d LES+y,Hy- Qb° - y,H,- GUC] - /\él:’d Ay %K§3
» Complex scalar singlet extension of the MSSM (J, k complex, e.g. A = |A|e/%2)

» Rich Higgs sector:

vg+hy+iay, .
= _ ol u _ el¥s ;
Hd_ "f ' Hu—e(p" v, +h,+ia, | S‘f(vs"'hs""as)
d V2

» hy h, h,a,a, a; and hi h: mixingto h,, h, h, h, h, G and h*, G*
> My <mp <mpo<m, <my, G° and G* would-be Goldstone bosons
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Backup

Soft-SUSY breaking terms in the NMSSM
Lsott, NMssM = -mﬁdHI,Hd - mfluHZHu - méé‘fé - m%’:T’: - nga;aR - mcziRJEJR
-mj éxéz - Iy AHy - L&+ y A Hy - Qdy -y, AH, - Qiiz] + h.c)
- 2(M,BB + MWW, + M,G6 + h.c)

-m2|S|? + (AA,SH, - H,, - %KAKS3 +h.c.)
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Backup

The CPV-NMSSM Higgs sector

vg+hy+ia, . .
_ i u _ e'¥s . _ VY
H, = f , H, = €% v, +h, +ia, ,S-f(vs+hs+las) (tanB-v—Z)
d V2

+
u

h, h,hga,a,a; and hy h
mixing to
h, h, h, h, h, G and h* G*

> m, <my o<m, o<m, o<my, G° and G* would-be Goldstone bosons

. S age 2 .
> h, or h, is the “SM-like" Higgs boson, mj s < m2 cos? 2B + |A|vZsin® 28
» CPviolation possible at tree level (unlike in the MSSM)
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Backup

Trilinear Higgs couplings at tree level

Scalar Higgs boson potential (from , W , and gauge sector)

Vi = (12512 + m2 YHgH, + (1A + m3 JHIH, + m2|S|2
T, 2. o\t 2 1 50ty 12

+ 3 (97 + 03) (HaHy - HiH,)" + Sg31HaH, |
+|KS% - AH - H, | + [%;<AK53 -JASH, - H, +h.c.

Then, the trilinear Higgs couplings are
3
N |
ik T
Y a‘l’iad’jad’k ¢$=0
with the gauge eigenstates
T

¢ = ( d’ hu' hS' ad' au'as)
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Backup

Trilinear Higgs couplings at two-loop O(af)

New corrections at O(af): all two-loop diagrams with top/stops and at most one
Higgs field, e.g.

o h; o h; : h; o h;
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Backup

Trilinear Higgs couplings at two-loop O(af)

New corrections at O(af)z all two-loop diagrams with top/stops and at most one
Higgs field, e.g.

o h; o h; o h; o h;

i.e. proportional to top mass m, and trilinear stop-Higgs coupling A, (from £_ )
> Gaugeless limit: g,,g, — 0 (keepingtan®@,, = g, /g, fixed)

» Approximation of vanishing external momenta

= Two-loop integrals can be reduced to products of one-loop integrals and the
two-loop tadpole integral (known analytically [Ford, Jack, Jones '01])
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Backup

all 2L diagrams

;)

Trilinear Higgs couplings at two-loop O(a

y

AT
-3
3

hy

i

L

"

hy
A
-3
i

i

hy
AT
-3
i

]

o

IS

T

4 iu«"’
u
m'h

-
)

n
o
L
3

o
o

i

o

n
o
7
3

o
o

i

Karlsruhe Institute of Technology

19

he CPV-NMSSM - 19/07/23

2)int

Christoph Borschensky - Trilinear Higgs Self-Couplings at O(a



Backup

Trilinear Higgs couplings at two-loop O(af)z counterterms

Choice of renormalisation schemes

» Use on-shell (OS) or DR renormalisation scheme in top/stop sector to
estimate part of the theory uncertainty
hy. hy.

t f _ o X
/ 0S/DR P 0S/DR
By oo o« 6Mme>! e i« 60AY
t \\\
t N th j

> M2+ as input: tadpoles M,.,+ v, tanB |Al, v, |K|,ReA,, 0, ®,, @, Vs

0S DR
» ReA, as input: tadpoles, v, tanB |Al, v, |K|,ReA,,ReA,, @, 0,9, g
— ~ )

(0N DR
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Backup

Effective trilinear couplings in the mass basis
ﬁijk = Ajj + A(”/\Uk + A(z)}\ijk in basis (h,,h,, he,a,a,a;) with
> A“)/\,.jk: O(a,) corrections (full corrections for Higgs-to-Higgs decays)
> MDA = AT Aa?,\ijk
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Backup

Effective trilinear couplings in the mass basis
Aije = N + DA + AP, in basis (h,,h,, he,a,a,a;) with
> A“)/\,.jk: O(a,) corrections (full corrections for Higgs-to-Higgs decays)
> MDA = AT Aa?,\’.jk

Two-fold rotation procedure

> Single out Goldstone boson (rotate with R°(B,)) — (h,, h,, h., a,a, G°):

2 66 oG B
Anmq - RniRmi:quAijk
> Rotate into mass eigenstates with R"*" —s (H,,H,, H,, H,, H., G):

L,eff

seff _ pleff Leff 3
A —iRan Rom ich /\nmq

abc

RLef diagonalises the loop-corrected Higgs mass matrix
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Backup

Steps of the calculation

Work with generic diagrams, assume most general couplings and masses,
simplify, insert fields and numerics at the very end

Toolchain
» Use FeynArts to generate generic diagrams [Hahn '01]
hj F h; F h; s hj h; h;
S - F s N S .- s 5.*-
58 : Si- - :
SoncCREoooog cooo F ERERL I F - F :S -« *_ )15 --e ;‘b :5
hi oS h; F h; s° hi F hy o hi 5 gl
‘f};’ F = hy F = hye S ¢ hy ke * hi
h h " " h
Sa %S, F 1St S48 FAE S5 s s .o
== B K hj === F /(:\hk e 35 « hg =77 F Jhﬂ. L A "u x hy
Mg g s gl S NI s s
hy k
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Backup

Steps of the calculation

Work with generic diagrams, assume most general couplings and masses,
simplify, insert fields and numerics at the very end

» Use FeynArts to generate generic diagrams [Hahn '01]
» Simplify with FeynCalc, evaluate Dirac traces [shtabovenko '16]
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Backup

Steps of the calculation

Work with generic diagrams, assume most general couplings and masses,
simplify, insert fields and numerics at the very end
Toolchain

» Use FeynArts to generate generic diagrams [Hahn '01]
» Simplify with FeynCalc, evaluate Dirac traces [shtabovenko '16]
» TARCER plugin: reduction to scalar master integrals [Tarasov '97][Mertig, Scharf '98]
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Backup

Steps of the calculation

Work with generic diagrams, assume most general couplings and masses,
simplify, insert fields and numerics at the very end

Use FeynArts to generate generic diagrams [Hahn '01]
Simplify with FeynCalc, evaluate Dirac traces [shtabovenko '16]
TARCER plugin: reduction to scalar master integrals [Tarasov '97][Mertig, Scharf '98]

Handle cases with e.g. vanishing Gram determinants separately, e.g.
m,=m,=m,= m4

v

v

v

v

2 3

>

> m,=m,=m,m,
> My =my,my=m,
>
>

m1¢m2¢m3¢m4
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Backup

Steps of the calculation

Work with generic diagrams, assume most general couplings and masses,
simplify, insert fields and numerics at the very end

Use FeynArts to generate generic diagrams [Hahn '01]
Simplify with FeynCalc, evaluate Dirac traces [shtabovenko '16]

TARCER plugin: reduction to scalar master integrals [Tarasov '97][Mertig, Scharf '98]
Handle cases with e.g. vanishing Gram determinants separately, e.g.

> m1 =m2=m3=m4

> my=m,=m;m,

> My =iy, My =m,

> m1 ¢m2¢m3¢m4
» Evaluate numerically - NMSSMCALC

v

v

v

v
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Backup

Numerical set-up

Scan parameters and ranges

parameter scan range (TeV) parameter scan range

M, [0.5, 1] tanp [1, 10]

M,, M, (0.4, 1] A [0.01, 0.7]

M, 2 K A-§

T [04,1] 3 [04, 1.5]

mg,m;  [0.4,3] A, [-3.5,3.5] Tev
3 R

Migi 3 A [-2,2] Tev

Points are checked with HiggsBounds & HiggsSignalls [Bechtle et al. '08-"13]
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Backup

Numerical set-up

Scan parameters and ranges

parameter scan range (TeV) parameter scan range

M, [0.5, 1] tanp [1, 10]

M., M, [0.4,1] A [0.01,0.7]

M, 2 K A-§

U [0,1] § [0.1,1.5]

mg ,m; [0.4,3] A, [-3.5,3.5] TeV
3 R

Myed, i 3 A [-2,2] Tev

Points are checked with HiggsBounds & HiggsSignals [Bechtle et al. '08-13]
Furthermore, discard points with any of the following mass configurations:
(1) m e, mp, > 1TeV, m; > 2TeV, (i) mp, - mhj < 0.1GeV, m, - mXJ@ < 0.1 GeV

(iii) m: < 94 GeV, m; < 1TeV
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Backup

BP10e: Higgs masses

hy[h,] | hy[h]J | hylh,] | a,[al] | a,[ay]

tree-level 97.21 307.80 | 62613 | 556.71 | 617.22
one-loop 13146 | 299.65 | 625.96 | 543.58 | 615.82

(114.81) | (299.28) | (625.52) | (543.69) | (616.01)
two-loop O(a,a 18.90 | 299.40 | 62578 | 543.73 | 615.90

(120.36) | (299.38) | (625.58) | (543.60) | (615.96)
two-loop O(a,(a, +a,)) || 123.53 | 29944 | 625.89 | 543.73 | 615.90
(12014) | (299.38) | (625.57) | (543.60) | (615.96)
two-loop O(a3,) 122.36 | 300.27 | 62594 | 543.34 | 61591
(119.97) | (299.90) | (625.65) | (543.47) | (616.01)
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Backup

P20S: Higgs masses

h,[h,] | hy[h] | hy[h ] | a,[a] | a,[a,]
tree-level 96.86 | 11210 | 926.25 | 511.34 | 925.86
one-loop 129.01 135.09 926.69 512.55 | 925.08
(116.3) | (130.1) | (926.33) | (512.66) | (925.18)
two-loop O(a,a,) 121.36 | 129.7 926.37 | 512.62 | 92511
(121.65) | (130.39) | (926.46) | (512.61) | (925.15)
two-loop O(a,(a, +a,)) | 126.09 | 130.04 | 92649 | 512.62 | 92511
(121.54) | (130.38) | (926.45) | (512.61) | (925.15)
two-loop O(a3,) 125.25 | 12991 | 926.62 | 511.91 | 925.07
(121.67) | (130.20) | (926.52) | (512.12) | (925.14)
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Backup

Trilinear couplings - benchmark point P20S

230
—one-loopos —O(a5)% —O(ay(as + at))°®
- one-loop™ - O(aa,)R (e (s + 1)) PR
s 2007 » Benchmark point P20S: large singlet
= admixture to SM-like Higgs
<70 4 » With
e e - pin_ 1A% =A%)
..... a = =
140
S S ———— and
¥s o
CE- I S — DR ADR 0S A0S
4_12 A _/\(mt JALT) = AP, ALS)
£ D ren. ~ DR .DR
§ A(mt rAt )
<0 T
~0.5 0 0.5

AP_R [Tev]
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Backup

Trilinear couplings - benchmark point BP16

280

» Benchmark point BP16: resonantly

3 enhanced Higgs-pair production in
52 gluon fusion
» With
iy |A% - A%
Aa’- - T
= 25
; pPRor o and
i
%c 0 Joeee A B e .
=20 /\(mtDR,A?R) - A(m?S,A?S)
2Tt A =
€ \// ren. ﬁ ﬁ
SR . | . | ; . Ame™, Ac™)
-3 -2 -1 0 1 2 3
AP_R [Tev]
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Backup

Trilinear couplings - CP violation

210
N R s —
—one-loop®® —O(ara,)?® —O(ay(as + ay))°®
> 1909 one-loop™® - DR .. DR i
g P 1= Olonod) T Oladan + o) » Benchmark point P20S
;: | APR| = 250 GeV . . i,
S » CP-violating phase A, = |A,|e ™

» Loop-induced effect
» Accidental cancellations for almost
flat OS curve at O(a,a,
= Stringent constraints from EDMs:

effect of CP-violating phases on
masses and mixing angles marginal

"i-ﬁ’;.P*R [7'_]
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Backup

A®™: mass vs. gauge basis for BP10 (MSSM-like point)

oneloop®  — Oena,)®  — O(ay(a, + a))®  — O(au(ay + o)) — one-loop®  — O(au)”  — O(au(e, + @r)*
260] — Do - Ofauar)™ - onedoop™ - O(ara)® - Ofau(a, + )™

240

eff.

11 [GeV]
»N
o
(=]

X

200

180

M
o

A %] AG [%]
=]

20 0
— Ao ‘
0 0
-3 -2 -1 0 1 2 -3 -2 -1 0 1 2 3
A, [Tev] A, [Tev]
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Backup

A®™: mass vs. gauge basis for P20S (large singlet admixture)

230 W—_—
— oneloop®  — O(a)®  — Ofau(a, + @) — oneloop”  — O(ena,)®  — Oau(a, + )%
- oneloop™ - O(aa)® - O(au(as + o)) - oneloop®™® -+ O(aya,)® - O(au(as + o))
200 —200
= >
Y ]
3 )
~ <
50 £ | —— e
e <
170
140 140

e [%] AG %]
(=]

o
=
A,
-

ot

16
} A2
0

Do [%] AT (%]
(=]

|
o
&

0 0
A, [Tev] A, [TeV]
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Backup

Trilinear couplings: size of corrections (1)

as .05 10 rpoy ﬁ 0
Aono;loop hu [A)] At:m&sloop Ry [A)]
10 16 18 3 5 6 7
— 33 __ 12 _
S |
n 3 fieme o
S e .
u_":; .‘1'. "oc
S5 - Veideg i ()
o . o
g 73 S
é’lE a. g ° .o‘-.-
£s . .A- -|- g,
SRS e ¥ | . — .
—3.5 71,75 0 . —1.75 0 1.75 3.5
ADR [TeV] ADPE [TeV)

A
with Ag"'A = [A%e1 = A% [A%
» Correlation with size of mass corrections
» Smaller DR corrections due to partial resummation of higher-order terms
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Backup

Higgs-to-Higgs decays: h, — h h.-like

1.5
3
Z1.0
-ﬁ: (o) 0s __ os
T — one-loop®® —O(aza) O(ai(as+ at)) .
=] onetoon™ Olara, - Ofas(a + ) ¥ » Benchmark point P20S

T Drasti + Ty 950 + 0 hun, » Large relative corrections from
S O(a,a,) due to small one-loop decay
S s T width in the OS scheme
is o oo » Branching ratio of around 12% at most
= 15
—0.5 0 0.5
AP_R [Tev]
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Backup

Higgs-to-Higgs decays: hg — h h -like

Ot ~ T, swew- +Th, 22 +Th, hoh,

3
o,
::1.0 . ~0-60 MeV
; » Benchmark point BP10
> Resonant contribution to h -like
Higgs-pair production

£ » Large branching ratio, dominant
is decay channel
40 ! ! M

-3 -2 -1 0 1 2 3

AP_R [TeV]
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