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FlexibleDecay

« extension of spectrum-generator generator FlexibleSUSY
* enables automatic calculation of scalar decay widths in large variety of BSM models
* current public version: (athron etal22]

- in general: decays calculated at LO
- for Higgs bosons: some higher-order SM corrections known from literature added
- well-suited renormalization scheme used: “decoupling scheme”

» goal: implement full NLO calculation in decoupling scheme for h — ff
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Decoupling Scheme

+ definition of the decoupling scheme: (kotlarski, Lang25]
- SM-like parameters in decoupling scheme numerically equal to MS parameters in
SM:
(@) = PMQ)

with @ usually equal to mass of decaying particle
- bare parameter independent of scheme choice:

pp = pde(: + (5pde(: — p()S + 5],)03

NS.SM | VS, SM OS,5M | §5,08.5M

Pt =p =p
for any SM-like parameter p

- equality p©% = pO5SM implies decoupling prescription:

5pde(', — 5pI\ISA,SM + 5pOS _ (SPOS’SM

- MS/DR renormalization applied to BSM parameters

- on-shell field renormalization adopted
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2HDM (Type II)

+ Higgs potential (with softly broken Z,-symmetry):
Vi =m3, @] @, +m3,0]®, —m3, (2]®, + ],
+ 2 (ale,)" + % (5®,)" + 25 (21@,) (@)2,) + A, (2]a,) (2},)
A 5
+2 [(<1>;<1>2)2 + (@5@1)2]

with m2,, \; € R

* Higgs-fermion coupling structure in type-Il 2HDM:

Lyuk = *yu@q’%“}% - yd@‘bldﬂt —yL®ep +hec.
* tree-level mixing in Higgs sector:

H\ o9 Go\ _ XY
()=ma (@) (%)= ()
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2HDM (Type II)

* relations for tree-level Higgs masses:
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With Agss = Ay + Ay + A

* choice of mostly phys

ical parametrization:

Pphys = {67957 quvm%/w mQZv m%} U {m%-h mi‘ym%u /\57 a, 6}
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Decoupling Limit in the 2HDM

« result for decay shall correspond to SM result if:

h light, while H, A and H* heavy = decoupling limit

+ decoupling limit can be realized via:

- Let Higgs mass parameters diverge while keeping them equal:

‘mH:mA:mHi::Cﬁoo

- At same time, let cos(a — ) vanish as:

cos(a—ﬂ)w%—)O

= ), remain small and thus perturbative!
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Higgs Decay h — ¢/ in 2HDM Type Il

Renormalized 1-loop vertex function:

0 e
e K
l 14 l

my sin o . .
= ——— + genuine 1-loop diagrams
vcos 3

H1e
Fhél

i om - - 1
nsna {ﬂ —0Z, + cota o+ tan B 65 + 3 (6Z, —cota 6Zyy, +06ZF +0ZF)

veosf | my

=F P+ FpPp
with counterterm containing:
* SM-like mass and coupling RCs — decoupling prescription

« field RCs — OS-renormalized
* mixing angle RCs — MS-renormalized ?
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Mixing Angle Renormalization

* Higgs field renormalization:

Hiwe) _ (1+36Zyy 56Zm H ¢[1),barc _ (1+ 362y, 58715 oY

Pare 562y L+ 30Zy, h B9 pare 302y 1+ 587y, 9
P .12
=4y e

* mixing angles as independent model parameters — need to be renormalized:
Opare = @ + 0

* use relation between bare quantities in gauge and mass bases:

0
(H) = R(oio) (j) = VZy = R60)R(a),/ZR(0)!

h bare 2 bare

1 1
= Jda= 1 (0Zyyp —0Zy5) + 1 (0291 —0Z44)
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Mixing Angle Renormalization

* MS-scheme:
— part of “standard recipe” for decoupling scheme

- for UV-finiteness, diagonal ,/Z; sufficient:

1+ 16z 0
\/Zy = +30%n N = 021y =02y5 =0
0 145079

= SaMS — 1 (5Zm 7(;Zm) _ ZHh(m%,) + EHh<m%{) — 26ty
4

Hh hH) — 2(77“211 _ m}?))

div

* Kanemura scheme: (kanemura et al.04]
- idea: use symmetric \/Z, <= 0Z;, =02y

(M) + Xy, () — 20ty

23, —m?)

1
= | dafm = 2 (0235, —0Z7) =
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Study of Decoupling Behaviour

* behaviour of form factor F;, for cos(a — 3) = 0 (alignment limit):

mp, =125 GeV, tanf = 3, As = —0.1
10! —— —— "
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Study of Decoupling Behaviour

* behaviour of form factor F;, for cos(a — 3) = 0 (alignment limit):

mp, =125 GeV, tanf = 3, As = —0.1
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, introduced via §Z;,!
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Study of Decoupling Behaviour

* behaviour of form factor F;, for cos(a — 3) = 0 (alignment limit):

mp, =125 GeV, tanf = 3, As = —0.1
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MS-scheme:

Strong non-decoupling
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effect + pole at ¢ = m,,
introduced via 67!
_ 2Re[Eyy, (mj) — 0ty

Y4
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Kanemura scheme:
more stable, but still non-
decoupling due to incomplete
cancellation of 67,

ZHh(m%{) - EHh(m%)
2(mf —mj)

oo — %521% =
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Mixing Angle Renormalization

+ §Z-cancelling scheme:

- idea: modify d« such that finite parts of 67, and §Z,,, are cancelled

- this implies:
g 1 q tan o o
60&*62/:: 6aMS 4 76205 _ 5205
2 Hh| 9 hh|
fin fin
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Study of Decoupling Behaviour

* behaviour of form factor F;, for cos(a — 3) = 0 (alignment limit):

mp, =125 GeV, tanf = 3, As = —0.1
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Study of Decoupling Behaviour

* behaviour of form factor F;, for cos(a — 3) = 0 (alignment limit):

mp, =125 GeV, tanf = 3, As = —0.1
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Conclusion

* 2HDM as testing ground for automated scalar decay calculation in models with
extended Higgs sector by FlexibleSUSY/FlexibleDecay

* behaviour for ¢ — oo strongly scheme dependent = importance of cancellation
between 62, 6Z, and da

* problem: how can alignment/decoupling limit be defined at loop-level?
* idea: renormalize « such that
cos(¢ —pB) =0 = his fully SM-like

or at least
a 1 _ TSM,MS
cos(a—B)=0 = TIPM =T}
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