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Introduction

> Trilinear Higgs coupling(s) have not been measured yet
—> Potential portal into new physics

= Impact on di-Higgs production and early universe physics
(electroweak phase transition)

= Higher order corrections can be large, are needed for precise  [Prawing from K. Radchenko]
predictions

> Follow UP ON [Braathen and Kanemura 2019, 2020]

> Renormalize the Two-Higgs-doublet model (2HDM) at two loops in the alignment limit using the Higgs
basis + calculate all CP-even trilinear Higgs coupings at two-loop order

> Leading two-loop results: gaugeless limit (i.e. my, mz — 0) and neglect light Higgs mass (m; — 0),

include top quark contributions
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2HDM in the Higgs Basis
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2HDM in the Higgs Basis

2HDM Lagrangian

Gl+ Hl+
dgy = . [ = .
s (%(U + dsm + zG'O)) rooEs (%(UBSM + dpsm + zA')) ’
V(®sm, Pasm) = M1y [Psu|” + M3, |Pasm|” — Mis(PlgyPsu + h.c.)

A A
+ 71|<I’SM|4 + 72|<I>BSM|4 + As|Psm|? | Pasml|” + Ad| Pl Pom|®

A
+ [{’(@QSM%M)Z + (Ao|@sul* + A7|Pasw|*) Ly Pasm + h.c.] :

Ly O —QLYduPsutr — QLYssuPesutr (Qu= (& bL)T , Yesm = (¢ Yam)

> Higgs basis: vgsm = 0
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2HDM in the Higgs Basis

Rotations

HY 7 [ dsm G% _ 1 (G"° GE\ _ 1 (G* / _ UBSM
(h) _Ra’ (¢BSM) ) (A) —RB’ (A/ ) H:t —R,B/ HI:l: 7tanﬂ - T

> Higgs basis: tan 3’ = 0 (vssm = 0)

= Alignment limit: o' = —Z (Ag = 0)

> These are tree level conditions (not symmetry-protected), have to introduce 6o’ (++ §As) and 53’
(¢ dvesm)

> Alternatively, do not introduce mixing angles o, 3’ [Degrassi and Siavich 2023], renormalize A and vgsy to keep
alignment and Higgs basis condition at loop level

= ¢sm, GO, G'F A H'F - h,G°,GF, A, H but ppsm — —H
= Can connect parameters to Z, symmetric parameters (but do not have to)
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2HDM in the Higgs Basis
Z basis to Higgs basis

[y
»

A = Alcg + )\25% + 5)\345835 M121 = mflci A mgzs?a — My2528
Az = A1sb + dach + Shasss? Miy = mi1sf +miach + mizssg
8 8T 9 26 M2 — 1, 4 2 2
1, \ \ 2has) + A 3.4.5) o = §(m22 —miy1)s2p — MizC2p
Ai=—s + A2 — i(0=3,4,
3% 22 = 2has Az = Aq +2(Ag + Av) cot23

As — A7)

_ 1 2 2
Ag = ESQﬂ()‘lcﬂ )\285 A34502ﬁ) Az +As+As = A1 +2A6 cot2f — ( cot 2ﬂ

1
Ay = _532[3()\1325 — X2Ch + Asascap)

Yukawa Couplings

mt\/§ 1
o

mt\/i Ct
1+ Ct%%

Yau = Yasu = = (; =cotp
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2HDM in the Higgs Basis

Input Parameters

> Input parameters: v, mp, mu, my+, ma, M2,Aa A7, ¢ (vgsm = 0, Ag = 0)

> If we want to connect to Z, basis, use equations
Ao = Aq + 2(A6 + A7) cot24,

- _ (As— A7)
As + Ay + As = A1 + 2As cot 283 cot 28

= Can also use Z»-basis input (M and tan 3) and convert to the Higgs basis
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Renormalization
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Renormalization

Previous Work

i i anemura, Okada, et al. ; Kanemura, Kikuchi, and Yagyu 5; Kanemura, Kikuchi,
> Previous calculations at one loop done by [« Okad 1. 2004; K Kikuchi, and Yagyu 2015; K: Kikuch
Sakurai, et al. 2017], [Krause, Lorenz, et al. 2016; Krause, Muhlleitner, et al. 2017], [Ansgar Denner, Jenniches, et al. 2016] and [Altenkamp, Dittmaier,
and Rzehak 2017; Ansgar Denner, Dittmaier, and Lang 2018]

Our Approach

> Two loop calculation of trilinears, our work is based on [Braathen and Kanemura 2019, 2020 and we follow the
approach in [Degrassi and Slavich 2023] (Comparing also to [Degrassi, Grober, and Slavich 2025])

> Several approaches of renormalization, especially the mixing angles, worked out, focus in this talk on
one scheme
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Renormalization

> Introduce WRC and mass counterterms for h, H (similarly for H*, A):
H - (H) 0Zs 6Z§ H _ (6Zur 0Zmn
(h)_) 1+6Zs<h)~(1+7_7 h 1025 = 0Zna 6Zpn )’

mhg — mi/H +6mi g

> Introduce counterterms for all input parameters up to two loop order
> In the following: Focus on 2HDM specific parameters

Tadpole Scheme

> Rjenorrpalize tadpoles in the parameter renormalized scheme (PRTS), renormalized tadpoles vanish,
T =Tu =0
—> Tadpoles cancel in the calculation
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Mixing Angle Relations

Mixing Angle Relations

I M 2Mio UBSM
M¢SM¢BSM - (Mii M;§> :> tan 2al = Mo — Mo 9 tan /81 = v b

and thus (vsm = 0 & = —%, Ag = 0):
vy = 08"V,
vy = 08" Pv + 6V so™ |

éAél) _ 55,(1)(2]\/-’222 — m%{) + 50‘/(1)(7”% —m? )

H
v v2
W) o2 any2 2 \(1) 2 \(1)
SAL) = 3(58'W)2 A, + 58D (51} (277?11; 4M35) n 2(51\;%2) . (577?5) >

oy (200D (myy —md) | (Gmd)D  (Gmi) DY | 88D ME, —md) | 50/ (md —m3)
+ b ! 4 + - .
v v v v v
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Renormalization of the Mixing Angles

Rigid Symmetry Approach

> Diagonal 67 factors for the gauge fields are sufficient for renormalization,

b — RV Zcpl(I)l
Dy — \/Zq)zq)Q

(®, and @, in the Z, basis).
> Rotate into Higgs basis with 3 and then into mass basis with o’ (similar for '),

H JZ. 0 H
V' Zs (h> = Rjar ool ( 0<I>1 \/Zcpg) Bires (h> :
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Renormalization of the Mixing Angles

Rigid Symmetry (RS) Approach

> Relations:

024) = HOZE) + HOZL)
8243y = $3025) + oZg,)
§Z0) — 620 = 450’V
o _ G280 + 320628 — 578 | 62— 023 sa'C

)
1 1
= 1 - 625) +625)),

0

> Relations hold only for UV divergent parts, can demand to define a finite counterterm for §o’(")

DESY. | Two-Loop Renormalization in the 2HDM and Applications | Felix Egle | 23.03.2026 Page 15



Renormalization of the Mixing Angles

Rigid Symmetry (RS) Approach

> Relations:

024) = HOZE) + HOZL)
8243y = $3025) + oZg,)
§Z0) — 620 = 450’V
o _ G280 + 320628 — 578 | 62— 023 sa'C

)
1 1
= 1 - 625) +625)),

0

> Relations hold only for UV divergent parts, can demand to define a finite counterterm for §o’(")
= Using these relations OS does not result in the correct 1 behaviour for 5a/®
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Renormalization of the Mixing Angles
More General Approach

VZa, O6C+6D H

H T
N (h> S S ( o s >Rﬁ+a, (h) .

> 6C, 6D, 63 apriori undetermined counterterms
8Zy;) =0628)ch +628)sh + (6D + 260 )cgss
825y = 8230 ch +825) 5% — (D +26C0W)cpsg,
8Zy +024) = —(20CD + 6DW)eap + (625 — 625 Y505 ,
82 — 825 = 46d/V + 458" — 5D,
§a’® = 58 4 iw(?) + %(52,(53 A BB = 7S —

> Definition of 6D changes dependence of 6o’
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Renormalization of the Mixing Angles

More General Approach

H Za, 6C+6D H
Vs (5) = Fhacsavase (Vo™ ") ot (5).

> 6C, 6D, 63 apriori undetermined counterterms
8Zy;) =0628)ch +628)sh + (6D + 260 )cgss
825y = 8230 ch +825) 5% — (D +26C0W)cpsg,
8Zy +024) = —(20CD + 6DW)eap + (625 — 625 Y505 ,
82 — 825 = 46d/V + 458" — 5D,

§a’® = 58 4 iw(?) + %(52,(53 A BB = 7S — %517‘1)(52,5}3 A GZ ) A ingg

> Definition of 6D changes dependence of 6o’
> We use for now another prescription for o’
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VEV Renormalization

"VEV" scheme

> Rotate the VEVs (v, and vg: mass eigenstate VEVs)
(v =% (52).
vesm)
v
VZS<UI:)— a’+8a’ <

> Solve for the VEV counterterms (vssm = vg = 0,0’ = =-7)

v+ v )
vBsM + dUBSM

v = 262,

Suig = 5 (200 — 6Z(7))

ov® = —60M vy + 5 (6aM)? — 2(075,)) + 56233 — L0716 Z4)
Svsan = 0050 1 6aPv 4 262,624, — S0Zi5 + 207456711y
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VEV renormalization

"VEV" scheme

> 6w is fixed, introduce additional counterterm Awv;, for more flexibility
VH T v+ v
\V Z = / /
s (vh + Avh) Hor+da ('UBSM 4 5UBSM> ’

1 v 1 1
oot = 26Z;) + Avg

Sl = 5 (26 = 82 ))
() _ (2) 6Zi(11h) (1) (1) (1) (1) g W2 4 V5,2 Vs (1) (1)
o = Av” + 5 Avy” —dat dvggy + 5 (5 e §(6Zhh) + §§Zhh — géZhHJZHh,
52!
Sust, = THh AP +5aV6v® + 5a®v + 282005200, — S 52, + L2062y,

> By setting Ay, accordingly, we can freely renormalize §v and obtain a suitable expression for jussy.
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Renormalization of A; and A,

Z5 relations

Ao = A1 + 2(A6 + A7) cot 2ﬁ,
(A — A7)
cot2p

A3—|—A4+A5 =A1+2A600t2,3—

> Use relations at loop level (apply 3 = 0) to obtain counterterms for A and A7 (i = 1, 2):
A7
—A1+As+As+ A5’
AT — A1(As + Ag + As) — 2A7
—AN +As+As+ As
SAS) = 6A — 2cot(28)26A + 2cot2B(cot28(5AS) + 5A) + SALY) + 26A8) — 2cot(28)25A8))
SAY) = cot28(—8A 4+ 6AL + 6AY + ALY + 648 — 2cot(28)%6A8),

cot2p =

Ao = —
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Renormalization of §1/2,

Decoupling Renormalization

> Define §M2, by demanding:
AZjoopBSM M222%°, (g where m3 = M% + Aev® (& = H, A, HY)

hhh
8Mz, (A2<1 ~log(MZ/Q%) + XMy Iog(MSQ/Q"’)))

1672 v2

- (6M222)ﬁnite _

= Only one-loop counterterm obtained, need other prescription for two-loop counterterm
> Potential difference in decoupling with M5 or M
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Renormalization with CP-odd Trilinear Couplings

Counterterm definitions

> In order to obtain (two-loop) counterterms for M2, A7, o/, we use the trilinear couplings Anaa, Agaa

> A0 =0,A2), = 0= solve for (§M%) Y, (5M%)® (hAA scheme)

> AW =0,22), , = 0= solve for 6A 160/, 6ALY /50/® (H AA scheme)

> If these couplings are used for renormalization of M2, and A, in all CP-even trilinears the dependence
on 5/ cancels, no explicit expression for o’ needed

> Alternatively, use HAA for 6a’® and define §A~ via the Z, relations
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Renormalization Summary

Renormalization Scheme Choices Counterterms needed for Trilinears

Trilinear Coupling

Counterterms

Parameter Scheme
Mp, T, MA, Mg+, Mt 0oSs
Tadpoles PRTS
v VEV, G, scheme
vasm (8') RS, VEV
o (Ag) RS, HAA
M2, decoupling, hAA
A7 HAA, Z»
A2 ZQ

= Rigid Symmetry (RS) scheme and decoupling

scheme for M2, only implemented at one-loop

> MS also possible for all parameters

DESY. | Two-Loop Renormalization in the 2HDM and Applications | Felix Egle | 23.03.2026

Ahhh 0m7)®, (ami) D, (Gm%)D,
(6m§{i)(1), 5m§1), sa/M),
Suian (M3
AnnH ©Om)D, omi)D, (6m%)™,

(6m§{i)(1), 6m§1), 5o/,
vty (6M3) D, 5AL)

AhHH, AnAA

(Oma)W, (6m)®, (5m%)®,
(6m§{i)(1), 6m§1), 5o/,
SvSah, (6M3,)®),
SAY, ALY

AHHH, AHAA

(6ma) D, (6mi)®, (6m3)®,
(6m%+)D, omiY, 5/,
Sugen, (OM3) ),
SAP, 5ALY
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Calculation of Trilinear
Couplings at Two-Loops
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Two-Loop Corrections to Trilinear Couplings

Effective Potential Approach Diagrammatic Approach

> Diagrams to consider (BSM contributions): = Two-loop corrections:
+ .
2l A S AL ¢ ¢ a s
N T N i N (+subloop renormalization) +
h GO GEH, N .
Sl 4 e N &
/ 4 \ e
Ssel - 5 (\ ) P
-— j: ~__ 4 2L/// S
HAHS g og g+ ! [ [ &t
= MS renormalized expressions ™
= Include finite shifts of parameters to obtain OS L
result
+ o < (+subloop renormalization)
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IR Divergences
Handling of IR Divergences

> Massless particles (my, me) in our calculation: Potential issue of IR divergences ("Goldstone-Boson
Catastrophe”)
> Regularize expressions with finite masses, set them to zero at the end of the calculation

= Final result should be independent of regulators

Technical Details

> Need mass expansion for one- and two-loop integrals, can be found in the literature (e.g. from martin 2002))
or rederived using relations from [vartin 2003]

> For two-loop mass counterterms: Need expansion or certain U integrals, have been derived
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IR Divergences
Handling of IR Divergences

> Massless particles (my, me) in our calculation: Potential issue of IR divergences ("Goldstone-Boson
Catastrophe”)
> Regularize expressions with finite masses, set them to zero at the end of the calculation

= Final result should be independent of regulators

Technical Details

> Need mass expansion for one- and two-loop integrals, can be found in the literature (e.g. from martin 2002))
or rederived using relations from [vartin 2003]

> For two-loop mass counterterms: Need expansion or certain U integrals, have been derived

Result

> All counterterms and the 2-loop corrections for hhh and hhH are IR finite
> However, issues arise for hHH and HHH
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IR Divergences

The hHH and H H H case

> Check IR divergences topologywise, consider e.g.:

h - H poorTTTH
H « <
h---< \H'H th---& 'H
S 0
H U | S
\\I h N
hC---H e g

> IR divergence above does not cancel (left side: (Ma2)' from 5 hH H couplings, right side: only
(M>2)®), also other contributions do not cancel = remaining log(m?) dependence

DESY. | Two-Loop Renormalization in the 2HDM and Applications | Felix Egle | 23.03.2026 Page 26



IR Divergences
The hHH and HH H case

> Check IR divergences topologywise, consider e.g.:

h oo H poorTTTH
H ¢ | o
h---< \H'H th---& 'H
. .
H U | S
AN h !
h e---H “e--- H

> IR divergence above does not cancel (left side: (Ma2)' from 5 hH H couplings, right side: only
(M>2)®), also other contributions do not cancel = remaining log(m?) dependence

Possible solutions

= In our setup: IR divergence proportional to mg — m ., vanishes in the degenerate mass case
= Other possible patchwork solutions (usage of effective couplings,..)
> Proper solution: Introduce finite momentum to regulate IR divergences (out of the scope of this project)
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Implementation and Checks

Details on the Calculation

> Use of Feynarts [Hahn 2001], Feyncalc [R. Mertig, Bshm, and A. Denner 1991; Shtabovenko, Rolf Mertig, and Orellana 2016, 2020, 2025]
and TARCER [R. Vertig and Scharf 1998] t0 calculate and simplify two-loop results

= Use of (vartin 2003 for two-loop integral relations

= Comparison of results from diagrammatic and effective potential approaches

> Comparison of counterterms with RGE relations from SARAH [staub 2014]

> Cancellation of renormalization scale dependence, UV finiteness of final result

Code Implementation

> Implementation of all results in a python code
> Input parameters and renormalization schemes can be varied
> Usage of TSIL [vartin and Robertson 2006] for the numerical evaluation of two-loop integrals
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Results
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Com pa rison With [Braathen and Kanemura 2019, 2020]

2HDM, tan 8 =2, o = 8 — /2, ma =mpy=, my = M = 600 GeV

1
25 o A(A |
o — &&2) with 6¢TAg = 0
—_— &&2) with 6TAg # 0
20 Excluded by NLO pert. unitarity
15
NS
10
5
0
600 700 800 900 1000

GeV]
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Com pa rison With [Braathen and Kanemura 2019, 2020]

2HDM, tan 8 =2, a = — /2, my = my = mp=, M = 600 GeV

—— D

3.0 A
n&z) with 6€TAg = 0

K2 with §TAG #0

PRELIMINARY

Excluded by NLO pert. unitarity

550 600 650 700
GeV]
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Com pa rison With [Degrassi, Gréber, and Slavich 2025]

2HDM, tan 8 = 1.2, a = 8 — /2, ma = mpy+, myg = M = 600 GeV

— K
—
20
- n‘(f) literature
15
~
<
10

PRELIMINARY

ot

oo 700 800 900 1000
ma [GeV]

Al
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Com pa rison With [Degrassi, Gréber, and Slavich 2025]

20.0

Aoy

7.5

2HDM, tan 8 = 1.2, a = B — 7/2, ma =mp= = my, M = 600 GeV

o)

o

H()\Z] literature

PRELIMINARY

0 700 800 900 1000
my [GeV]
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Com pa rison With [Degrassi, Gréber, and Slavich 2025]

2HDM, tan B = 1.2, a = 8 — 7/2, ma =mp=, myg = M = 600 GeV

— O
Annr

60 @)
)\hhH

- A;?,?H literature

50

40

)\hhH, [GOV]

T PRELIMINARY

10

0

600 700 800 900
my [GeV]
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Comparison of Different Schemes

T VYCp—— NLO pert. wiarity

2HDM, tan 8 =2, = — 7/2, my = mp=+, myg = M = 600 GeV

25
20
15
©
o PRELIMINARY / e
// ,’//,
5 ptoal
. I
600 700 800 900 1000
ma [GGV}
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Two loop Corrections to hHH and HHH

2HDM, tan 8 =2, a = 8 — 7/2, my=mpy= = my, M =600 GeV

0

—500

—1000

> —1500

/\hHH [GGV]

—2000

PRELIMINARY

—2500
-== i
()
—3000 b
Nuszrr
NLO pert. unitarity
73508 0 650 700 750 800

ma [GQV]
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Two loop Corrections to hHH and HHH

2HDM, tan 8 =2, = — /2, my = mpy= = my, M = 600 GeV

0

—1000

—2000

—3000

—4000

)\HHH [GCV]

—5000

—6000

—7000

PRELIMINARY

78008

=== A
- )‘(1;)1111
- )‘(13)1111
NLO pert. unitarity
0 650 700 750
ma [GGV}
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Conclusion

Summary

> Renormalization of all 2HDM parameters at two loops
> Calculation of scalar trilinear couplings at two loops
> Comparison with existing results

Outlook

> Further comparison, check with viable benchmark points, impact on phenomenology?
> Check of different scheme choices, impact on results
> Resolve IR issue
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2HDM in the Higgs Basis

2HDM Z,-symmetric Lagrangian

o )
o, = ), a=1,2,
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Ly D —QLY " ®atr (Qu=(t bL)T)

Higgs basis input in terms of Z,-basis input (in the alignment limit)

_ L2 2 2mi, 2 2_m7% _ 2(mj — M?)cot2
tan'B_Ul’ M_Sin2ﬁ’ My = M 5 A7 = 02
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2HDM in the Higgs Basis

Tadpole Equations
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2HDM in the Higgs Basis

Mass Matrices
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2HDM in the Higgs Basis

Replacement Rules
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Mixed Propagator Resummation [Frank et al. 2007; Fuchs 2015]

Propagator Mixing

> Mixing of fields, introduce (= = 3(p?)):
P 0 1 . & PR P
P— P = —1,2) $= (20 22) .
< 0 P2> ’ p2 — mf (Z ) 2 <E21 222)

> P: the tree level propagators, $3: scalar self-energies

&
©
p

Il
O

™M
U

= iP —iPEP + iPSPEP + ... =P (-ZP)* =P
1+

k=0

> P: resummed propagator matrix
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Mixed Propagator Resummation [Frank et al. 2007; Fuchs 2015]

Resummed Propagator

> P: resummed propagator matrix
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OS Renormalization with Mixing Propagators .. 207 rucns 2015

OS Conditions

> OS conditions:

=0

2,2
p2=m;

ReS(m2) = 0, a%Ref:?? @)

P12 p2 %m%

Re—
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Mass Matrix Renormalization

CP-even Scalar Matrix
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Mass Matrix Renormalization

Tadpole Counterterms

Tadpole counterterm matrix (o' = —%, 8" = 0):
1 1 9 q .
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OS Renormalization

Counterterm Expressions

ST = D)
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OS Renormalization

Counterterm Expressions
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2 2
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Leg Corrections
LSZ Reduction
Pig

Ria

,,,,, ,,/ =< 0|T®aq)b¢)c|0 >= ﬁ7.'0.ﬁjbﬁkc)\ijk = |/:\’auﬁbbﬁccRiaR]'bR,Is:c>\Z']'kt7 Poa
> If’ia: resummed external propagator corrections, \;;,: amputated vertex correction
> In the spirit of the LSZ reduction:
Za Z Ze
< O0[T®,PpP.|0 >~ Pl i —m? RiaRjpRicNijk
Page 51

DESY. | Two-Loop Renormalization in the 2HDM and Applications | Felix Egle | 23.03.2026



http://creativecommons.org/licenses/by/4.0/

Leg Corrections
LSZ Reduction

> Define the leg-corrected trilinear as:

Aabe = \/Z\/Z\/ZRijbch)\ijk o

> Determine the Z at zero external momentum:

Z A
g =Pa| ,
p° —mg p2—>0 p%—0
=~ We obtain (my — 0):
Zn=1,
= 1
Z =
H 1— S ()’
m2
H
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Riuu = —345(0),
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Renormalization without Mixing Angles

Renormalization of vgsm

= Use dugsm to renormalize the pseudoscalar mixing self energy:”

_)p —> 2GOA
/
GO———————-A+G° ----- Q@ ----- A— 0

> Result is already UV finite, can set dvgsy = 0.
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Renormalization without Mixing Angles

Renormalization of Ag4

> Scalar mass matrix: m% —Agv? 0
DHh = (—A(;’Uz m% ) + (

= Use dAg to renormalize the scalar mixing self energy:”
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Renormalization without Mixing Angles

Renormalization of Ag4

> Scalar mass matrix: 2 —Agv? 0 Im
DHh:<mH 6v>+(TH i)

—Agv? m2

= Use dAg to renormalize the scalar mixing self energy:”

1
A0 = — L (m8) o) - o7LY) |

0 = -1 <2£2<mi> o1 — (oA 4 a1 ( :

2 2

52 =
hH 2 —m%
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Renormalization without Mixing Angles

Renormalization of A~

Ao = A1 + 2(A6 + A7) cot Qﬂ,
_ _ (Ae — A7)
A3-|—A4-|—A5 —A1—|—2AGCOt2ﬂ 700t2ﬂ

> Use relations at loop level to obtain counterterm relations

SAY = 6A) — 2c0t? 285A) — (268 A7) tan 28 + cot 28(—FALY + A + 5AY + 5ALY — 268 A5)

> Given 63, we obtain an expression for A~
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Renormalization without Mixing Angles

Renormalization of 3

> Introduce diagonal 67 factors for the gauge fields in the Z, basis:
b — \/ Zcpl(I)l
by — \/ Z<1>2 (02}

> Relate WFR constants to the OS constants §Zs via a rotation:
H T Zp 0 H
()= (5 s (8)

> We obtain 52&) _ C?ﬂ‘SZgl) n 3?3525132)
82y = sh0Z3) + o Zs)
8Zy g + 625 = 2s5cp(825) — 625))
6249) — 875 = 438V

DESY. | Two-Loop Renormalization in the 2HDM and Applications | Felix Egle | 23.03.2026

Page 56 -—@


http://creativecommons.org/licenses/by/4.0/

Mso Decoupling

PRELIMINARY

—— Ly =0.1
tan § = 2 Lo—1
ma=mpg+=myg =/ M?+ Lov? e =
1000 2000 3000 4000 5000
M [GeV]
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Results Scenario |

%]
3

tan B =2, my = myx,myg = M = 400 GeV

NLO pert. unitarity

Pras
-
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N
-

______ 1L PRELIMINARY
0wt —— 2L §TA; =0
—— 2L 6“TAg #0

%DO 650 700 750 800 850 900 50 1000 1050
ma [GeV]
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Results Scenario |

tan B = 2, m4 = my=,my = M = 400 GeV
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Results Scenario |

Cross-sections and distributions obtained with anyHH [Bahl, Braathen, Gabelmann, Radchenko, Weiglein WIP]

Thanks to Kateryna for providing this plot!

Ch—a = 0, tg = 2, mpg = M =400 GeV, map =mpg+ = 600 GeV
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Results Scenario Il

tan B =2, my = myx = my, M = 400 GeV
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Results Scenario Il

tan B =2, ma = myx = my, M = 400 GeV
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Results Scenario Il

Cross-sections and distributions obtained with anyHH [Bahl, Braathen, Gabelmann, Radchenko, Weiglein WIP]

Thanks to Kateryna for providing this plot!

cg—a = 0,13 =2, M =400GeV, myg = my = my= = 600 GeV
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