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Motivation

Started as recast of LHC search: A—-HZ, H-AZ
@ limited interpretation of 2HDM parameter space

@ mostly for Type-ll

= comprehensive study of current direct/indirect constraints
(LHC + more) on 2HDM parameter space

e

- — =SS

' ® complementarity between direct and indirect search

| |
| ® complementarity between different direct search channel |

@ degenerate mass/mass hierarchy

@ Type-l & Type-ll (easily extend to

e — e

other type

s) )
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Why 2HDM?

Models with extended Higgs sector: arise in natural theories of EWSB

@ Higgs sector of MSSM/NMSSM
® Generic 2HDM

@ Little Higgs, twin Higgs ...

@ Composite Higgs models ...

‘ ® SM+singlet: parametrized by a simple mixing parameter
|
| ® 2HDM: covers board class of known models

@ Allow for convenient parametrization

@ Many features shared by many extended EWSB sectors |
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2HDM Higgs Sector

@ Two Higgs Doublet Model (CP-conserving)

ot v +vs = v? v = 246 GeV
d, = L ,
(v; + &2 +iG;) /2 g = v2/v1
HY [ cosa sina o3 A = —Gysinf + Gycosf
RO |\ —sina cosa ¢ ] H* = —¢Fsinf + ¢F cosf

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




Parametrization

® parameters (CP-conserving, flavor limit, Z: symmetry)
246 GeV 125 GeV

2 2
mll’ m227 )\17 )\27 )\37 )\47 )\5Jq U,tanﬁ, CV, mh,mH7mA,mH:|j

w

tanpB, cos(B-a),

soft Z2 breaking: m122 ,
control tree level h couplings

@ Search for extra Higgses
= Precision Higgs study: couplings of the SM-like Higgs

= Direct search of extra Higgses: direct evidence for BSM new
physics
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Higgs Couplings

® h/H VV coupling il .
guoovy = TV COS(B — 04)7 grovy = UV

Alignment I|m|t h 125 GeV cos(B-q)~0

l LEP |lml1' no ete —>Z—»ZH H could sﬂll be I|gh1' |

@ Higgs-Higgs-V couplmg

Gin(8 — a3 gcos(8— a)
_ _ u _ _ @
gAHOZ = 2 L PHO gAnoz Deonll, (pho pA) ;
) ~ gcos(B —a) p
goEgowF = v pHO pHi) y  JHEROWTF = 5 (pho _pHi) )
gt AWF = 5(;0A — pHi)ua )

Lﬁ‘

—_— =

B LEP Iimit e+e —>Z—>AH mH+mA>Ecm .f
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@ Yukawa couplings

Higgs Couplings

b b2 &h | &n || €4 ] &4 3
Type-I||cot 8| cot 3 | cot ||cotB|— cot B|— cot 3
Type | u,d,| Type-1I||cot B|—tan B|— tan B||cot B| tan S | tan 3
Type Il |d u Type-L||cot 8| cot 3 |—tan B||cot B|— cot 5] tan 3
Type-F ||cot f|—tan 3| cot 3 ||cot B| tan [ |— cot (3
Type L | u,d
Type F |d u,l

@ tri-Higgs couplings

Alignment limit: hff, hVV coupling = SM

Alignment limit: no H—AA, H—hh
unsuppressed: h—AA
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Decay

® Conventional search channel (even for non-SM Higgs):

YY, ZZ, WW, 1T, pj, bb, tt

@ Exotic search channel (— 2 light Higgs, light Higgs+V)
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Constraints

Neutral scalars

@ theoretical constraints
vacuum stability/Unitarity/perturbativity/.. mi22 = my2Sin3 cosf
® Precision Higgs measurements (y, )
® Conventional channels: yy, ZZ, WW, 11, pp, bb, tt
@ Exotic decay into h: A—hZ, H—hh
@ Exotic decay of hSM: h—AA, h—HH
@ Exotic decay of BSM sector: A—+HZ, H—+AZ
® LEP searches: ete—»Z—HA, ete—Z—ZH
® SM non-resonant processes: ttZ, tttt
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Degenerate Case: Type I

Type-l: cos(B — a) =

0.1

© degenerate: mupm=mu=ma 50;
no BSM sector exotic decay
allow A—Zh, H—=hh, H—=VV
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BSM Higgs Yukawa ~ 1/tan B >
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Degenerate Case: Type I
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Degenerate Case: Type I

Type-l: cos(B—a)=0.1
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Degenerate Case: Type I
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Degenerate Case: Type I
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Degenerate Case: Type I & Type II

® Type I: ¢4, u/d/I ® Typell ¢1,u; ¢2,d/I
BSM Higgs Yukawa ~ 1/tan 3 BSM H/A,u ~ 1/tan B; d/l ~ tan B

tang
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Degenerate Case: Type I & Type II
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Degenerate Case: Type I & Type II
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Degenerate Case: Type I & Type II

tang

® Type I: ¢4, u/d/I ® Type ll ¢1,u; ¢2,d/I
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Degenerate Case: Type I & Type II

2HDM TYPE-II|

5071
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Degenerate Case: Type I & Type II

® Type I: ¢4, u/d/I ® Typell ¢1,u; ¢2,d/I
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Degenerate Case: Type I & Type II
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Non-Degenerate Case: Type I & Type II

® Non-degenerate: A—ZH, H—ZA

l
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Non-Degenerate Case: Type I

@ Non-degenerate: A—ZH, H-ZA

Type-l: cos(B—a)=0 and tanf =1.5
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Non-Degenerate Case: Type I

@ Non-degenerate: A—ZH, H-ZA

Type-l: cos(B—a)=0 and tanf =1.5
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Non-Degenerate Case: Type I

@ Non-degenerate: A—ZH, H-ZA
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Non-Degenerate Case: Type I

@ Non-degenerate: A—ZH, H-ZA
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Non-Degenerate Case: Type I & Type II

® Non-degenerate: A—ZH, H—ZA
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Non-Degenerate Case: Type I & Type II

® Non-degenerate: A—ZH, H—>ZA | ﬁco_s(B-q)

Higgs precision {*

| T ——

Type-l: my =400 GeV v e Type-ll: my =400 GeV
50 ,,‘v' 50 = = 7

——— my =50 GeV ‘

& —— my=150GeV X '
...... my =250 GeV [ 9 ]
5 s+ i AY, 5
Q Q
C C
B S
B
3
11 1
0.51 0.51 /) ——= my=50GeV
Seq ) —— my =150 GeV
/~/\) SQVas my = 250 GeV
b 1 ' \\\\\\\
AL TN
0.1 T T T . T T 0.1 [ T / o~ e
-0.5 -0.25 0 0.25 0.5 0.25 0 0.25 0.5
cos(B —a) cos(B — a)



Non-Degenerate Case: Type I & Type II

© Non-degenerate: A—ZH, H—ZA | ﬂco_s(B-q)
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Non-Degenerate Case: Type I & Typc II

@ Non-degenerate: A—ZH, H—>ZA
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Non-Degenerate Case: Type I & Typc II

@ Non-degenerate: A—ZH, H—>ZA
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Non-Degenerate Case: Type I
ilcos(ﬁ-ﬁ) vs. tanf H

@ Non-degenerate: A—ZH, H—ZA
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@ Non-degenerate: A—ZH, H—ZA

Type-I: my =150 GeV and my =400 GeV
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Non-Degenerate Case: Type I

@ Non-degenerate: A—ZH, H—ZA flcos(p-a) vs. tanf N
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Non-Degenerate Case: Type I

@ Non-degenerate: A—ZH, H—ZA flcos(p-a) vs. tanf N
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Non-Degenerate Case: Type I

@ Non-degenerate: A—ZH, H—ZA ﬁcos(p-a) vs. tanf H
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Type-l: cos(B—a)=0.1
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Degenerate vs. non-Deg: Typc II
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Conclusion

® exotic mode such as A—ZH, H—ZA
= once open, dominate
= |imits from conventional searches relaxed.
= offer alternative discovery channels
@ theoretical considerations + EW: Am>200 GeV difficult for m>1 TeV
= LHC most relevant machine for probing non-degenerate case
® H/A—-TT1,yYy most sensitive
® man ~ 100 GeV still challenge
@ non-resonant search ttZ, titt relevant
® exotic decay complementary to
= Higgs precision: insensitive to alignment limit
= A—Zh, H—=hh, H—=VV: vanish under the alignment limit

® other exotic mode: Hx— AW/HW, A/H - H:W~
S. Su 19
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®@ EW precision constraints
MHpm ~ MH, MA, Mh

® direct searches
H:—cs, TV, tb

® flavor constraints

S.Su
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Non-Degenerate Case: Type II

® Non-degenerate: A—ZH, H—ZA
Type-ll: cos(B—a) =0 and tanf=1.5
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Non-Degenerate Case: Type II

@ Non-degenerate: A—ZH, H—ZA
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