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2HDM Higgs Sector

@ Two Higgs Doublet Model (CP-conserving)

b V2 + v; = v = (246GeV)?
P; = i
(vi + ¢ +iGs)/ V2 tan 3 = vy /vg
HY [ cosa sina o A = —Gisin+ Gycos
RO |\ —sina cosa ¢ ] H* = —¢Fsinf + ¢ cosf

after EWSB, 5 physical Higgses
CP-even Higgses: h, H, CP-odd Higgs: A, Charged Higgses: H*

Alignment limit ¢ h 125 GeV, cos(-a)~0, H non-SM like <«
@ H 125 GeV, sin(B-a)~0
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2HDM parameters

Type ] Model Ky Ku Kd h:g
4 2HDM-1 | sin(8 —a) cosa/sinf i
Type | 2HDM IT | sin(p - a) cosa/sinf3 in o/ o -
— 2HDM L [sin(F—a) cosa/sinfB cosa/sin3  —sina/cos g
lepton-specific |u,d [ 2HDM-F | sin(f —a) cosa/sinf8 —sina/cosfS  cosa/sinf3
flipped ul |d

© parameters (CP-conserving, flavor limit, Z> symmetry)
246 GeV 125 GeV

2

2
mll, m227 )\17 )\27 )\3, )\4, )\5 q ’U,tanﬂ,a, mh,mH,mA,mH:j

w

tanB, cos(f-a),
control tree level h° couplings
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soft Z2 breaking: m122




Higgs Precision Search Limits

Type I: my =150 GeV and my =400 GeV
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2HDM Higgs Sector

@ h/H VV coupling

2 2
mi, mi,
gdooyy = 0 COS(ﬁ - 04)7 grovy = . @

@ Higgs-Higgs-V coupling

Gsin(5— a)> gcos(8 — a)
_— — —_ H g —_ i
gAHOZ TR, Pmho PA) y GJAnOZ 2 cos Oy (Pho pA) )

58 — o]y : geof— @) .
JHEHWF = SV HO —PHi) y  JHEROWTF = 9 (Pho —pHi) ;
JHEAWF = g(pA —pHi)“, p

Two non-SM like Higgses have unsuppressed couplings to gauge boson.
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Dominant Production (~alignment)

@ dominant pair production @ CEPC360 (~ alignment)
Drell-Yan: e+e- — HA, e+e- — H*H-
@ Neutral Higgses: conventional search channel

o VY, ZZ,WW, TT, bb,}t/

|

|
/ T difficult @ LHC

small Br A: absent good above threshold

H: suppressed CEPC350
(~ alignment) * © CEPC3s0

— = — -

@ Neutral Higgses: exotic search channel when phase space open
unsupressed: H — ZA, AA, H*H-, WH:, A— ZH, WH+
suppressed: H — hsm hsu, A— Zhsm
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Current Direct Search Limits
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Current Direct Search Limits

Type |: cos(B—a)=0and tanB=1.5 Type ll: cos(B—a)=0and tanB=1.5
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Search for BSM Higgses

® Charged Higgs is challenge @ LHC |

® Flavor constraints:

= Type Il 2HDM: mu: > 650 GeV MHu: < M¢:
= Type | 2HDM: light Higgs allowed. ttbar production with
@ Conventional search channel t— bH*, H* = Tvorcs

| LI L I 507 ““““““

L L _|
ATLAS Y Br(t— bH)
Vs=13TeV, 36.1 fb
—— Observed (95% CL)

—_——— 1o

1 0_2 ~ ~ +20

S e Expected (95% CL)
— - Run-1 result

tan 8

—_
S
w

mu: < 160 GeV exc
1807.07915

Limit on B(t — bH*) x B(H* — 1*v)
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Search for non-SM Higgses

Other possible processes

@ suppressed production of ete- — A hswm

® CP-violating 2HDM: HiH;production with Hi — H; Hk
@ singlet mixing with a light singlet: Hi = hsu S

@ ...
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