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2HDM+S|ng|et Voupm+s = Voupwm + Vs.

Soft Z, Symmetry Breaking
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More symmetries

Models Symmetries Remaining dimensionful terms Remaining quartic terms
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Table 1. Various symmetries considered in the literature on the 2HDM+S Higgs potential.



/-pole measurements

* Nearly symmetry independent
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SM Higgs Study
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Electroweak and Higgs precision measurements
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2HDM+singlet : BSM Higgs sector

* The scenario with lighter singlet Higgs
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Well known results
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Phenomenological analyses
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Amy [GeV]

Summary

Benchmark Case Fixed mixing angles Variable mixing angles

. Case-0  (2HDM alignment limit) cg_q = ags = aps = s =0 —
%* Z — p0|e Case-I  (2HDM limit) afgs = aps = aas =0 Ch—a
Case-II  (SSM limit) Cg—a = 0HS = 0as =0 Qaps

‘ . .
“‘SM'l I ke H |ggS Case-II1 CB—a = aps = aas =0 QHS
‘:‘ BSM H IggS Case-IV Cg—a = aps = apgs =0 QAS

- : —— mp, =50 GeV mp, =125 GeV ~ ====-
600 - —— Amps=0, auys=0 Amps = 400 GeV, ays =% mp, = 250 GeV —— Mmp, =500 GeV

- Amps=0, aus=7  —— Amps= —400 GeV, ays="1

Phenomenological analyses
4.1 tanpf - my,

4.2  «o; - mp,

4.3 tanp - o4

4.4 mp, - mhj

400 ~

200 ~

Qhs

—200 A

—400 -

—600 A

-600 -400 -200 0 200 400 600
Amy [GeV]

11



Thanks |



backup



0.20

0.15

0.10

0.05

0.00

-0.05

-0.10

=0.15

-0.20

200

400

tanB=1 tanB=1
{
hi2s

== ) _————

: - S

E =
- H - hh

600 800 1000 1200 1400 10? 10°

My =ma=my= [GeV] mp, [GeV]

14



15

1000

\i
© 3 /
E B }
o i -
T 2 / S
S S \ [e)}
[ 1
1 \
o
| \ S
N N N N N N N N N N NN o0
Flavor
o
o
~
—
o
Il o
Q. ©
c
a lllllllllllllllllllll
+ o
o
LN
o
4 + 4 + m
HIA- TT HIA - yy
o
o
™M
o
o
.J 2
o o o o o o o o o
o o o o o o o o o
S o)) ®© ~ ) N < ™M ~N
[ASD] “Yw

ME=Map=M4y= [GeV]



tanbeta vs alphas
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Brief plan : DM @ 2HDMS

v SUSY Current: Collider studies
v IDM Next step: Additional

| d!
v 2HDM+ DM =>2HDMS o miees

1 Models Symmetries Remaining dimensionful terms Remaining quartic terms
U(1)[8] S — €S M11, Ma2, M12, Mg, M A1, A2, Az, A, As; AT, Ag, Ag
Z}[4] S — -8 Mm11,Ma2, M2, Ms, Mg AL, A2, A3, Ad, As; AL, Ag, AT, Az, Ay, Ag
Ul)pg [59] S — 378, &1 — "5, mi1, M22, Mg A1, A2, A3, A, AL, Ag, Ag, A7
Dy — e 5,
Z3[7] S —e 58, By e’ T By | myy, mag, mig, M, t1a, st ALy A2, Az, Ad, N, Ay, AY

Table 1. Various symmetries considered in the literature on the 2HDM+S Higgs potential.



LHC
HL-LHC __ LHC ‘C
Ao = Ao

*\/ £HL-LHC

Higgs decay production LHC HL-LHC HL-LHC
extroplation

goH 1.07+012 10710026 1,00+004
vy VBF 1.04793 1.047001 1007049
VH 1.3415:38 1.341007  1.00%900
GtH 1351038 1354006  1.0020:07
goH 1.02+011 10210024 1 00F0.04
Z7 VBF 0.507 048 0.500077 100075
VH 1.567 15 1.562 058  1.00%578
S 0.1610-98 0.1643:2%  1.00792
WW ggH 0.927015 0.927005  1.0070,03
VBF 0.7179:28 0.7179:060  1,00*+0:0
- geH 0.97%0 18 0.97003  1.00%0:31
VBF 0.68+0:24 0.6800%  1.00%0:08
WH combined 1.15% 1.15t8;8i§ 1-00J—r8:i8
bb qq — ZH 1.00%0 15
g9 — ZH 1.001_8:33

Table 2.

(extrapolated)HL-LHC precisions

LHC precisions for Higgs boson measurements from CMS Collaboration Group and



Higgs gauge couplings
for oblique parameters

* For each case, only limited
non-zero couplings
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h,-/a,-

Couplings Case-0 Case-I Case-Il Case-IIl Case-IV
ch,vv = Rircg + Riasg
CHVV Cs—aCapyg 0 Cl—a 0 0 0
ChVV S$B—aCaps — Cf—aSaysSaps 1 SB—a Cays 1 1
ChsVV —SB—aSaps — CB—aSaysCans 0 0 “Sans 0 0
Ca;h;Z = RﬁRﬂ + RiAszz
CAHZ “CaasCapgsSp—a -1 —5B-a -1 —Cays —Caas
CAhZ Cass (Cﬂ—acahs + Sﬁ—asayssahs) 0 CB—a 0 0 0
CAhsZ “Caus (Cﬁ—aSahs - sﬂ—asﬂyscﬂhs) 0 0 0 Saps 0
CAgHZ SassCangSB—a 0 0 0 0 Saas
CAghZ —Sa,g (CB—acahs + S8—aSays Sahs) 0 0 0 0 0
CAshsZ Saas (Cﬂ—asahs - sﬁ—asaHscahs) 0 0 0 0 0
CoHEWF = Rg% - stﬂ
CHH*WT —iCaysSB—a -1 —188—q -1 —iCayg -1
ChHEWF i(ca_acahs + S8—aSays sahs) 0 1Ch—a 0 0 0
Che HEWT —i(Cﬂ_asahs - 35_QsaHscahS) 0 0 0 —iSays 0
CAHEWT Caas 1 1 1 1 Casg
CAGHT*WF —Saag 0 0 0 0 —Saug
cs.0,vv = RO RS + RO R
CHHVV CiHS 1 1 1 cius 1
ChhVV cgfhs + 5?!115 s?xhs 1 1 Ccths 1 1
ChshsVV cgthsszns + Sihs 0 0 sf2¥h5 81211—15 0
CHRVV —582apsSans 0 0 0 0 0
CHhsVV - %szaHScahS 0 0 0 —25%2aps 0
ChhsVV —%CiHSSQQhS 0 0 —%Szahs 0 0
CAAVV C?IAS 1 1 1 1 C?XAS
CAgAgVV sczxAs 0 0 0 0 sgms
CAASVV _%S2QAS 0 0 0 0 _%SQQAS
CH+H¥+Z7 1 1 1 1 1
CH* ¥~ 1 1 1 1 1
CH+*HFVV 1 1 1 1 1
Relavant mixing — H,h h,hg H, hg A Ag

Table 2. The couplings between Higgs bosons and gauge bosons in 2HDM+S.
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Qhs

Results
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2HDM+singlet
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2HDM+singlet

* The scenario with lighter singlet Higgs
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New exotic channels
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2HDM+S|ng|et Voupm+s = Voupwm + Vs.

Soft Z, Symmetry Breaking
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2HDM+S|ng|et Voupm+s = Voupwm + Vs.

2 3%, + m2,®d, — (mfzcb’{cbz + h.c.) +

+ A3(2181) (@] ®2) + A (@]®2) (@] @1) +

+mSSTS+ 5 (8% +h.c.)+ (“Sls3+u125<1>7<1>2+hc)
+sts (,\’ (<1>’f<1>1 )+ Ny (® ) [52 (A4 (®1®,) + X (<1>’f<1>2)) + h.c.]
)\//
( 1g4 4 252 Sts) —I-hc) 3(5*5
Models Symmetries
Zo[11] S— =S ps1 = p12 =0
U(1)[17] S —e®s M=M= =)= HsL = p1z = 0
Z3[18] @9 — e2/3®y, S — e7H/3G | \g =mlg = /\” AL =, ==
Table 1. Matching conditions to various singlet extended 2HDM
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