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e« 2HDM Snapshot

* \Whether or not/How is the model parameter space
constrained by

A. Feed down effect
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Whether or not it is the SM Higgs?
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What's the naive extension?

Two Higgs Doublet Model

© The simplest non-trivial extension on the Higgs sector beyond the SM.
o Duplicate a complex SU(2); Higgs doublet with the same hypercharge Y = +1.

o More physical Higgs states.

@ Type |l realized in the MSSM.
© Existence of the charged Higgs boson H*?



2HDM Higgs sector
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The models we studied

© NO explicit CP violation: all \; and m?, are assumed to be real.
@ NO spontaneous CP breaking: take & = 0.
© "soft" Zo symmetry (&1 — ®1, P2 — — D) breaking: mi, #0; ¢ = A7 = 0.

. : 2
our inputs: mp, my, ma, my+,tan 3, sin a, mij,

Electroweak symmetry breaking
¢1r 2 CP-even neutral scalars: h = —pj1 sin a + p> cos «
¢1:< (vcos B + p1 + ina)/V2 ) U= e o pe e
o1 1 CP-odd neutral pseudoscalar: A = —n41sin 8 + 12 cos 8
®2 = ( (e€vsin B + ;2 +in2) /2 > 2 charged scalars: H*
y




2HDM Yukawa sector

L = yjihj®1 + yiihdo

We consider the Type | and Type |l models, in which tree level FCNC are completely
absent due to some symmetry. *

Model u;'? d,"? e,"? Realization
Type | (OB} (OB} 0P d; - —P;
Type [ ¢2 Cbl (Dl (Dl — —¢1, d,'? — —d;;\>
caom -y T (c}’?fh + CHFH — iCPFs fA)
v
f=u,d,?
2V 2my C/
_ { V2V [T (mqu‘PL + dej‘PR) dH™ + v2meC; U lpH' + h.c.}
|74 |74
Cy Ca  Cd, Cv o ol a gy
Type | | sin(8—a) S2& 22 | cos(f—«) oo una 0 cotB —cotf
Type Il | sin(8 — «) % —f_i;'T% cos(f8 — a) :::CBX ﬁ_gzg 0 cot 3 tan 3

(CV)?+(CV)* +(CP)? =1

1 Paschos-Glashow-Weinberg theorem: if all fermions with the same quantum numbers couple to the

same Higgs multiplet, then FCNC will be absent.
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Procedural details

Our focus

© h ~ 125 scenario: my, € [123,128] GeV, my € [128 GeV, 2 TeV] (Gunion’s talk)
@ H ~ 125 scenario: my € [123,128] GeV, my € [12 GeV,123 GeV]

a € [—n/2,47/2], tanp € [0.5,60]
ma €[5 GeV,2 TeV], my+ € [m",2 TeV]

Points are retained only when “preLHC” constraints including are all satistied.
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Procedural details

Our focus

© h ~ 125 scenario: my € [123,128] GeV, my € [128 GeV, 2 TeV] (Gunion’s talk)
©@ H ~ 125 scenario: my € [123,128] GeV, my € [12 GeV, 123 GeV]

a € [-7/2,+n /2], tanp € [0.5,60]
ma € [6 GeV,900 GeV], mpe € [m*,900 GeV]

Points are retained only when “preLHC” constraints including are all satistied.
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H~1 25—Prameter

What we consider ...
o prelLHC: Stability, Unitarity, Perturbativity, STU, B-physics, (g —2),, LEP

® A limits:
A— 7Z(x) 5 4y
gg — A — 77 and gg — bbA with A — 71

@ postLHCS8: additionally, +~, ZZ, WW, signals for 125 GeV Higgs

2HDOVERAA LR . 5 Gev 2HDMAAA LSRR - 5 Gev




H~125-Parameter

o Generally, for the heavy Higgs boson H be SM like, C\/ = cos(8 — a) ~ 1.

@ However, there are two branches present in Type Il model. In addition to the trivial
one, the upper strip has C5 ~ —1, called “wrong-sign Yukawa coupling”
(arXiv:1403.4736), extending the C{/ to ~ 0.7.

@ tan < 1 is eliminated by the my+ bound.

2HD Type | 2.5 GeV




An intriguing possibility?

heavier scalars like H/A may already be indirectly observed at the
LHC, not through their decays into gauge bosons or fermions, but
rather through their into h.
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heavier scalars like A may already be indirectly observed at the
LHC, not through their decays into gauge bosons or fermions, but
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Feed down (FD
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Feed down (FD
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H~125-Parameter w/FD

@ FD happens at the value of large sin(3 — «), which is related to the HAZ coupling,
and prefers small tan 3.

@ FD does NOT actually constrain the parameter space of the models.

postLHC8-FDOK | L postLHC8-FDOK
HighFD 7 - postLHC8-FDOK . Lowl High FD
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0.5 1




H~125-Higgs Signals @125

2HDM(it (typel) m,=125.5+2.5 GeV

Type |

@ not too much above 1
because that gluon fusion
production cannot be
much enhanced (universal

postLHC8-FDOK up and down type

0.7 0.8 OI.Q I1 1|.1 . cou pl I ngs) )
nt () p e (Z2)

pge (YY)

pgg (77) rate.

< 1 for enhanced
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@ easy realization of

Typell ® substantial enhancement.

o g (Z2) is strictly larger

| than ,U,gHg(’}/’)/) for
1.4 - enhanced uf(y7) rate.
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H~125-Higgs Slgna\s @125
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What happens if all measured
signals converge to very SM?

For example, if the observed values
of ux(Y) all lie within +15%,
10% and +5% of the SM
prediction for the channels

(gg,vv), (gg,2Z), (gg,TT),

(VBF, ), (VBF, Z2),
(VBF, r7) = (VH, bb), (ttH, bb)







H~125-Parameter @ higher precision

@ Not unexpectedly, as increasingly precise agreement with the SM is imposed in the
various final state channels one is quickly pushed to small |sin(8 — «)|, but tan 3
remains unrestricted.

SM=+10% on each of the individual ©'s will exclude the “wrong-sign" Yukawa region
of the Type Il model.

If =5% agreement with the SM can be verified in all the channels, then
my = 125.5 GeV scenario will be eliminated in Type Il and al/l but eliminated in
Type | (due to the H™* loop non-decoupling effect at large M+ ).
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Feed down vs. higher precision
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H~125-1riple H coupling

HL-LHC HE-LHC VLHC
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Currently, a large deviation present.
Tightly limited deviation if the
signals become increasingly SM-like.




Other
HIggs bosons search
at the LHC/ILC




H~125-lightest h detection
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o For , one can require BR(H — hh) small enough to still allow the H
rates in the various channels to fit the 125.5 GeV signal at the LHCS.

@ Can explain the in both the Type | and Type I
models given current postLHC8 constraints on the H properties. However, the
Type | £5% level and the Type Il £10% level would have a signal level that is not
consistent with this LEP excess observed.
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H~125-pseudoscalar A search
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* In Type | mA<60 GeV
IS possible but must
have small BR(H-
>AA). For mA<100
GeV, tautau cross
section are quite
large.

LHC8 125 GeV Higgs
data constrain the A
mass <700 GeV in
Type | and <625 GeV
in Type Il.

A large range of
possible cross section
value. In average,
Type Il tends to be
substantially larger
than Type I. The
lowest cross values
are really very small
and would not allow A
detection.




Conclusions

* The latest Higgs data from LHC clearly favors a fairly SM-like Higgs boson with mass
of 125.5 GeV.

e There is consistent descriptions with the LHC8 Higgs signal in the both Type | and
Type Il 2HDMs in which the H is identified as the 125.5 GeV state.

« Feed down effect does not eliminate much parameter space and will be dramatically
~ reduced if the higher precision in the signal measurement is verified in the future.
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Next focus
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