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2HDM - SCALAR POTENTIAL KIS g

Vorpum = m2, @1 &1 + m3, @iy — [m7,®1 s + h.c.]
+ 3M1(D]1)% + FAo(D]P2)* + A3 (@] D1)(D5Ds) + Ay (B] Do) (RL1)
£ {0501 22)% + [o(@]1) + Ar(B5P)] @@y + he )

> Three ‘ & 1 ( \/§(G+cosﬁ—H+sinﬁ) >
L= =73 : : :
neutral V2 \ v1 —hsina + Hcosa +i(G cos B — Asin 3)
Higgs bosons . _ 1 V2 (GTsin B+ H" cos )
(h, H, A), a 2_\/5 vy + hcosa + Hsina +1i(Gsin 5 + Acos ()
HE palr (a¢: mixing angle of neutral scalars, tanB = vz/vi)

The Yukawa Lagrangian for the neutral scalars reads

— Ly = @ﬁ)m?UR + QP10 Dr+ QP Ly +@L&)277§]UR +QPony’ Dr+Q®any L

‘ MF = \/5(771 cosﬁ+772 smﬁ) g




MINIMAL FLAVOUR VIOLATION KIS S

_To prevent flavour-changing neutral currents, a Z,

symmetry can be imposed (removes CP-violating A, .)
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Landau-Yang theorem forbids the contribution of a
resonant Z boson to the QCD production of a hA pair
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NUMERICAL ANALYSIS KIS S

Numerically scanning of the m, = 125 GeV
parameter space (trading my, (GeV) 10 — 80
A, . for the physical Higgs ma (GeV) | 10 — (Mz —mp)
b _ + mp+ (GeV) 90 — 500
oson masses a.? inpu Sin(B — ) - —
parameters), with the mi, (GeV?) | 0 —m? sin 3 cos 3
following constraints tan 3 2, 25
imposed: Code: 2HDMC

~oUnitarity, perturbativity and vacuum stability
~Oblique parameters S, T and U

~ Flavour physics




NUMERICAL ANALYSIS KIVAS i

Superlso Manual
2.63< BR(B — X,y) x 10*  <4.23
0.71 <  BR(B, — 1v,) x 10* < 2.57
1.3< BR(Bs—puTp~)x10° <45

—1.7x1072% < Ao(B — K*v) < 8.9 x 102
0.56 < R, < 2.70
2.9x107° < BR(B — D°rv;) <14.2 x 1073
0.151 < EDow < 0.681
BR(By — ptp) <1.1x107°
0.6257 < BR(K = ) < 0.6459
BR(m — pv)

- Flavour physics (.985 < Ryo3 < 1.013
4.7x107% < BR(D; — Tv;) < 6.1x1072
4.9 %1073 < BR(D, — uv,) <6.7x1077
3.0x 1074 < BR(D — uv,,) <4.6x1074
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NUMERICAL ANALYSIS K|HS

(263< BR(B— X,) x 100 <4.23)
BR(B, — Tv;) x 104 < 2.57
BR(B, — pp~) x 109 < 4.5

o Flavour physics
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NUMERICAL ANALYSIS K|%S
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1.06 £0.19 < BR(B, — 77v,) x 104 < 1.06 +0.19
3.0-0.85< BR(B; — uTp~)x10° <3.0+0.85
THDM Type Il - Flavour constraints

10
c
E

o Flavour physics

1

lllll

PR I T "
400 600 800
M, (GeV)

. .
200 1000

07-3



NUMERICAL ANALYSIS KIAS i

Numerically scanning of the m, = 125 GeV
parameter space (trading my, (GeV) 10 — 80
A, . for the physical Higgs ma (GeV) | 10 — (Mz —mp)
b _ + mp+ (GeV) 90 — 500

oson masses as. inpu sin(f — ) —1-1
parameters), with the mi, (GeV?) | 0 —m? sin 3 cos 3
following constraints tan 3 2, 25
imposed: (Code: 2HDMC )

~Unitarity, perturbativity and vacuum stability
~Oblique parameters S, T and U
o Flavour physics
o LEP, TeVatron and LHC results for
e Additional Higgs bosons (HiggsBounds)

* Measured Higgs signal strengths (HiggsSignals)
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DOMINANT SEARCH CHANNELS KIAS e
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LIGHT FERMIOPHOBIC HIGGS BOSON KI%S
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DISCOVERY POTENTIAL KIS S
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MULTI-HIGGS (EW) PRODUCTION KI/AS -

Electroweak production of all possible 2-body and
3-body Higgs-Higgs/gauge states in the Type-I 2HDM

~Can it dominate over QCD production?
o Which Higgs-Higgs and Higgs-gauge couplings can

be potentially probed at the LHC?
q R q ,h




2-BODY FINAL STATES

o(qd—hH?) [fb]

o(qg—hA) [fb]

10

+
L
+ 5
+ i
ety
+ +",;.;*
- .',+
- 4
R
Ed
* +.-‘+'t + ++
+ + 3 ¥E G
o
2‘*;*' #, 2""1-
+ +¥_£- + ++++..ﬂ'*‘
e
fooa G T AmE R
4, v Fhy
et e+ g:ﬁ‘_f i
o
bl Tl ad
+ ot . + A
++1 1 vg‘ +
o g 4T Foae
++;+“‘+ g_: # P e +
Sh v T T e b
L 4 g *
Pk ot B B e U
s tas AR LS AgP NQ-;;’_‘&
+ ++ + 4, + 4 A
+ + g
PR e z.;"’fﬁ*‘ﬁf
+d ; e L L g Ty
+ &t N o 4 +£+’"&+*} 4+
. . LG Sulicn:- 2 ST T
0 200 400 60 800
my, +mg- [GeV]
T
~++ 2HDM-I
7
/
/
/
v i
/¢
’ .,
/ + :****
oy N* +
P TR T
+ +t + o+
* {4 :+ t*
++ +{++4/*, *:t *+*ait *
* N e 4 -
44/
. TR TEL rey, *
# +
+ H,E + .+ + 4+ i
+ + 4t 4 + ERar
++7, t+ T
P SRS PRl
+ Gt i * + +
PR
Y LR et . +
. A L R
oy TaR PR, Ter
v 7 S + 4
. L YLy T T b+
wY aFE R e b +
L W e .
Dot T
+ L Sallp 2O ey o+
+ Btk ", A, mT +
R "’%@?ﬁfx*?‘im‘ Lt 4 1
. + 1; i:‘fﬁ"# &*4**“* 'ﬁtﬂ
s r it L
el AR R A 4
/ot +«+¢; Jt* 4 *}f+
‘ L e 2 4 T T s

o(gg/bb—hA) [fb]

a(ch—>HjE H* ) [fb]

o(qq—HA) [fb]

107}

107}

107}

+++ 2HDM-I
+ + i
+ + + //
+ ’
* ’
+ P ,
* y ; + t 4 ’
¥ e ‘*t{*‘* //

+ o Pty o+
+ + |
+ 4 *
vy
+ +
RNy
F i ™ et +/
Yoy +
N L7,
S TEa 7+
+ ft¢+++*¢ £
v}:* 34 + +
+ + + +
R L M Vozﬂ*ﬁm‘y *
A R T
+ + P R
+ * Tt :{» g "
o e VR ]
R A S
+ 2
o T ‘mg‘“&}¢,’$ +
+ 4, ti’%***&? 7t .
b, A AT T
w 7 +*a{+*¢j*;§*
e + +
A T T
+F 7
* + - ‘*‘g*’
. S . it .

100 10° I

o(gg/bb—H* H*) [fb]

10

+++ 2HDM-I

107 10°
o(gg/bb—HA) [fb]

10

KOREA
INSTITUTE FOR
ADVANCED
STUDY

14




INSTITUTE FOR
ADVANCED

KOREA
STUDY

S

Ki

3-BODY FINAL STATES
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3-BODY FINAL STATES - COMPARISON
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HIGGS TRIPLE-COUPLINGS KI'2'S &

ADVANCED
STUDY

. Cowling | vih | boanE | chmH d. hAA e.hHYH- | fHHH | g HAA hHHYH-
1. hh v (hhh) | v (RAA) (hHTH™)
2.HH (hhH) | v (hHH) v (HHH) (HAA) (HHTH™)
3. AA v (hAA) v (HAA)
A HYH- (hHYH™) v (hHtH™) (HHYH™)
(hhH) _
5 hH (hhH) | v (hhh) /(hH+H_) (HAA) (HHTH™) (hHH) (hAA)
(hhA) _
6.hA (hhA) (AAA) (AHtH™) (hHA)
(hhH7)
7.hH* (hhH*) (AAH®) J(H*H*Hi) (hHHT)
8. HA (hhA) (hHA) (hHA) (HHA) (HHA) (AHH™)
(AAA)
+
9 HH= (hht=)  (hRHH?) (hHH%) (HHHF) (AAH™) (;[]iZHH)i)
10. AH* (hAH®) (HAH®) (HAH*)
11.hZ (hhZ) (AAZ) (HtH=Z)
12. AW+ (hhW ) (AAW®)|  (HTH-WT)
13.HZ (hhZ) (hHZ) (HHZ) (AAZ) (HtH-Z)
14. HW* (hhW*)|  (RHW®) (HHW®) (AAW*) (HYH-W¥)
15.AZ (hAZ) (HAZ)
16. AW+ (RAW*) (HAW®)
17.H%Z
18. HY W~ (hRHTW™)




HIGGS-GAUGE COUPLINGS
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Coupling

SBES m.hAZ | nHAZ | o HtYH Z | p.hH*W~ q HH*W~= r. AHTW= sshZZ | . HZZ | whW*tW~- | v.HW+W~-
1.hh (hAZ) (RH*W ™) (hZZ) (RW*W )
2.HH (HAZ) (HH*W™) (HZZ) (HW+W™)
3. AA (hAZ) (HAZ) (AHTW ™)
4.HYH- VHTH=Z) (hHTW™) (HH*W™) (AHYW )
5.hH (HAZ) (hAZ) (HHtW™) (hRH*W™) (HZZ) (hZZ) (HW+W™) (RW+W ™)
6. hA (RRZ) | (h ) (RHTW™) (AZZ) (AWH+W-)
(AAZ) (AHTW™)
7.hH* (AH*Z) (H(f??') (hHW=)) (hawt]) (H*ZZ) (HEW+W™)
(HHZ)) (HH*W™) _
8.HA hRHZ) | v AZZ AW+W
D | (aaz) (amw-) - e
+ + — (HHW™) AT+ + Y Al i
9. HH (AH*Z) (hHW*) (i we) (HAW®) (H*227) (HEW+W~)
N N j— (AAW)
10. AH (hi*z)| (HH*Z) (nAw=) HAWD) Y G rwe)
(hhA) _
11.hZ (422) (hHA) (HtZW~) v (hhZ) (hHZ)
(hhH*)
12. LW+ v (hHH*) (hAH) v (hhWH) (hHW)
(HEWHW™)
13.HZ (hRHA) | v (HHA) (H*ZW™) v (HHZ)
(AZZ)
(HHH?*)
14. HW* (hHH?Y) (W) (HAH®) (hRHW*) | v (HHW®)
15.AZ v (hAA) v (HAA) (HtZW~) (hAZ) (HAZ)
(hZZ) (HZZ)
16. AW (hAH™) (HAH*) | v (HTWHW ) (hAW) (HAW®)
17.0H%Z (hRAH®Y| (HAH*) v (hH*Z)| (HH*Z
18, HH W~ (hHTHT) (HHTH") (AHTHT) (WHYW-) | (HH W)
(RWH+W ) (HW*+W™) (AW+W ™)




CONCLUSIONS KIS g

o Additional Higgs bosons are predicted in most new
physics frameworks - can be lighter or heavier
than 125 GeV

_ Even when light, they are difficult to detect at
the LHC in the conventional channels, owing to
generally reduced couplings to the SM

o Their pair-production can provide crucial probes

o In the Type-I 2HDM, a light scalar-pseudoscalar
pair as well as a light H* could be accessible in
multi-photon final states

o EW pair-production - essential when a charged
Higgs boson is involved - can dominate over QCD
even for certain neutral Higgs boson combinations
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