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~ Introduction

o Ik ts ok ?e&issgfz&le;_d' 'thé-f;ker the 125 Ge\f;-Hiéé?]?s'-ﬂ@[_cme' or LE has .omj
Extension of scalar sector by additional doublets is a&rdc&ive because (i)
Rho -po\mmé&e'r remains 'u.ni;&j at bree level, (it) MSSM is based on 2HDM, (iit) it
is straightforward to find a combination Tl O

U_l E Uihi ;
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==§ SM-Like 'cdupting with fermions and gauge bosons : Atigv{mehf: Limit

Non-decoupling:
* In ) o 7 charqged Higqs contributions do not hecessarily decouple,

* Svmme&rias' of PoEg&\ELQL PLO‘:’ a role in ensuring dacouptimg.

We demomnstrate non-decoupling vs decéuptivxg i 2HDM context with
underlying reasons, and show resulks for 3HDM also.



~ Essential points

. I‘f V(zHﬁM)has ex&CEZ»2 'SjMMeErR. AN"D bof:h ééo\idrs receive vevs,
the charged Higgs contributions do NOT decouple in diphoton

",’\e":‘*—j ng&h‘ _ - N !

- If 22 is so»fﬂfj broken ih\;f,_f'EheM' d&coaptﬁhgi;s dakieved,' but

wikh {LV\Q"‘-‘E_:MM;V\S.' e i Lo R

- IfV has global U(1) vaMeErv, Ehen iks soft ‘breqlé‘ihg caln ensure
deeauptiv\g without fiv\e-&uhisr\g). T ' |

For 3-(or more)-HDM, enhanced global symmetries and their
soft breaking are hecessary to ensure decoupling.

* Unless decoupling is ensured, high precision measurements of
higgs to diphoton der:aa width can restrict number of such
doublets regardless of how heavy the charged Higgs masses are.
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Root of decoupling / non-decoupling
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Two Higgs-doublet Models

VQHDM = >\1 <¢T¢1 - —2-) + A2 (%ébz . —2—> +')\'é"(</5T¢1 + phgy — A 2) ,

Y ((qsiasl)(qsm) <¢*¢2><¢2¢1>) + s (Re ¢*¢2 4 —) g (Im 9165)

: w ) Z2 symmetry: qbl L e
(i) Both scalars receive vevs, (|||) Soft breaking of Z2, (iv) All lambdas real

\

 Skarted with: v1 v2, lam(1-6)
Tracieci for: v (246 GeV), tanB, mh (125 GeV), mH, mA, mH+, alpha, lam5
Allgnment limit: alpha = beta — pi/2

Hence, 5 unknown free parameters.



 Decou tm.vswwdewuws

If Z2 is exact )\5 0, WhICh means W= 1 Non- decoupllng

For A5 # 0, decoupllng at the expense of FT m2(H+) )\5 v2/2
If, mstead of 22 we have U(1) symmetry in quartic,
)\5 = A6 =2 m3(A) / v2

: m2 .m s m%
(B i s AR
m%ﬁ H A. 5 )

| m(H+) - m(A) | « m(H+) , m(A) by unitarity and T parameter.

which implies Decoupling without F.T.



e Thisisa more general parametrlzatlon than V(2HDM)

'Dufaferemﬁ pmame&mm&mn omd u,ncierbjc,ng cijhamncs

VQH'bAM ﬁ.mllgb ¢1 "" m22¢2¢2 | (m12¢T¢2 + h. c. ) -
51 <¢Tqb1) 52 (¢2¢? +53 <¢T¢1) (%%)

. (ele2) (Wl) { (Mz) H_l,c }

* Noa pnon assumptlon that both scalars receive vevs.

+ Whenp2=B3=p4=p5=0, m2(12)=0 and m2(22)>0
==> Inert Doublet Model with perfect Z2 symmetry
==> Smooth decoupus«g when m2(22) - oo -

as m2(22) doesnt have SSB origin.
Note : 2 m2(12) =A5viv2, 2B5=A5—A6

Regulator for decoupling
K—-/



+ Taree Ronn UG

* S3 orA4 symmetrlc ﬂavor models employ 3 doublets (c|)1 c|)2 c|)3)
For exact symmetry o ( + 4 T_i)

’I,._ :
| m2 .

Ht‘

Apply a global contmuous symmetry SO(Z) on (c|>1 (|>2) and allow its

- soft breakmg 5
. L 2 i Li
Kl = —m2 mH+ mHl -k 7 = ‘DQCOMP g
H

1 m2
Bo i ( 24_ —+ —) — NOV\‘“dECOMFLLMS
) mH+ e 2 |

Need extended symmetry SO(2) X U(1) wrth an extra soft breakmg
parameter to ensure full decoupling.



+ If both scalars in 2HDM receive vevs, then charged
Higgs will decouple from higgs to diphoton decay
width, even with perfect alignment, provided there

s an addi&iamat,s'jmm&rvj and its soft breaking.

0 3'(Qf-_"'-mdre}H‘DM,- the same logic can be extended.

. Otherwise, dipho&ov\ de«:av widkh can sense the
number of such mulkiplets regardless of how heavy
they are.

Thanie you
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