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Higgs is discovered

Now what?
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Then What?

light, weakly coupled boson: mn =125-126 GeV, I' <1 GeV @

Pl S

Then What? Still a lot of hard, but fun work to do!
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Then What?

light, weakly coupled boson: mn =125-126 GeV, I' <1 GeV Q.

Then What? Theoretically ...
A new force of nature? A ~1/8

At the verge of uncovering a deep fheoryh

@ A determined by guage couplings?
e.g., SUSY, A= (g1%+g2?)/8 ...

@ or dynamically generated by a new V(p) = %uing + %qfl

strong force?
e.g., technicolor, composite Higgs,

Higgsless, extra dimensions,...
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Mass generation

Higgs Mechanism: If a LOCAL gauge symmetry is spontaneously broken,
then the gauge boson acquires a mass by absorbing the Goldstone mode.
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Mass generation

Higgs Mechanism: If a LOCAL gauge symmetry is spontaneously broken,
then the gauge boson acquires a mass by absorbing the Goldstone mode.

The predicted Higgs boson is the left-over particle!

3
]

longitudinal modes of W+,W-,Z
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= 1,
W W
E < my, E>m,

E2 /v2 no light Higgs,
MWW — WLWL) ~
mf/-v2 with a SM Higgs.

Partial-wave unitarity demands
- 1 m,zl or E‘%”. <1
167 v2
= my or By SO(1 TeV).

® Picture is not valid at E ~ 4m mw/gw ~ 1 TeV

e Something new must happen before TeV scalé.



A Light Higgs is puzzling...

particle spin

quark: u, d,... 1/2

lepton: e... 1/2
photon 1
W,Z 1
gluon 1
Higgs 0
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A Light Higgs is puzzling...

particle spin
quark: u, d,... 1/2 Higgs: a new kind of
lepton: e 1/2 elementary particlel
hoton 1 Nothing protects
° its mass.  /
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gluon 1
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A Light Higgs is puzzling...

particle spin

quark: u, d,... 1/2

lepton: e... 1/2
photon 1
WL 1
gluon 1
Higgs 0
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Higgs: a new kind of
elementary particle!

Nothing protects
its mass.  /

= New Physics beyond the SM
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Then What?

light, weakly coupled boson: mn =125-126 GeV, I' <1 GeV ,'.

Then What? Phenomenologically/experimentally. ..

® Is it a SM Higgs?

@ Implication of SM Higgs searches on BSM scenarios?
@ Is there more than one Higgs boson?

@ Does this H decay to other things unexpected?

@ Can we use H to look for new physics?

@ ...
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partners
Higgsinos
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partners
Higgsinos
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Qutline

¥ Implication of SM Higgs search on BSM scenarios
© MSSM, NMSSM, 2HDM
© Dark matter connection

¥ Higgs-assisted BSM searches

© SUSY electrowak-ino searches

¥ Searches for Higgs beyond the SM
o exotic Higgs decays

¢ Conclusion

Review articles: Talk based on work:
MSSM Higgs: xxx 1203.3207, 1303.2113, 1305.0002,
NMSSM: 0304049 1306.3229, 1308.6201, 1309.5966

2HDM: 1106.0034
S. Su 9



|. Implication for BSM scenarios
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Implication of 126 GeV Higgs

The current Higgs search results already impose non-
trivial constraints on various new physics extensions.

Study the consequence of

(1) current Higgs search limit of 95% CL limit on oxBr
() H in the mass range of 124 - 128 GeV

(lll) oxBr (gg— H —vyy, WW, ZZ) of SM strength

MSSM, NMSSM, 2HDAM, ...

® Focus on the Higgs sector and stop sector
® Mostly only consider Higgs search results

S.Su 11



MSSM Higgs Sector

® Type II Two Higgs Doublet Model

oo HO Va2 after EWSB.
H, = " Hy = 5 physical Higgses
i Vu/ V2 Hy CP-even Higgses: h?, H?

CP-odd Higgs: A°

v2 + 5 = v° = (246GeV)? tan 8 = v, /vy Charged Higgses: H:

® tree level masses determined by mA, tanf

1 :
o = 5 (4 m2) % ol — m )2+ g in? 2
2 (12 2
2 9 2 2 - mho(mz_th)
M+ = My + My, C€OS (ﬂ—a)—mi(méo_m%ﬁ).
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MSSM Higgs Sector

® Type II Two Higgs Doublet Model

oo HO Va2 after EWSB.
H, = " Hy = 5 physical Higgses
i Vu/ V2 Hy CP-even Higgses: h?, H?

CP-odd Higgs: A°
Charged Higgses: H*

v2 + v3 = v = (246GeV)? tan 8 = v, /vy

® tree level masses determined by mA, tanf

1 .
Mo 1o = 5 (( A+ mz) F \/(mi — mj)? + 4m%my, sin® 25) = Mho < Mz
2 (12 2
2 9 2 2 - mho(mz_th)
M+ = My +my,, oS (ﬁ—a)—mi(méo_m%&).
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Higgs Masses

® large radiative corrections from stop sector: large Yukawa coupling

3 m? M? A2 A?
2 T Tt ) 7t _ t
Amh0~4ﬂ_2 U2 llﬂ(m%)—FMg’ (1 12M§,> + .. :
AtZAt—/LCOt/B. y
® (mn™") scenario: Rt =0 ® (my™M3X) scenario: Zt =\6 Ms
Mno < 117 GeV for Ms < 2 TeV Mno < 127 GeV for Ms < 2 TeV

@ To obtain relative large correction to mno
- relatively large stop masses (at least one)
= large stop LR mixing

S.Su 13



non-decoupling vs. decoupling region

N. Christensen, T. Han, SS (2012)

500 ' r : : - 2
LEP+Tevatron+LHC H " LEP+Tevatron+LHC HO
o Al>0

+ gg—h"H® — vy

black dots: 123 < mno or muo < 127 GeV

blue dots: oXBr (gg— h? H? —yy)ussm > 80% (o XBr)sm
S. Su T




non-decoupling vs. decoupling region

N. Christensen, T. Han, SS (2012)

decoupling region

® decoupling limit

ma > My 2
Sin(ﬁ — Of) ~ 1, COS(ﬁ — Of) ~ LEP+Tevatron+LHC
— hO light, SM like, s 0

:  gg— hOHC — vy

= HY, A% H* heavy, nearly degenerate
= H'WW, H%ZZ coupling suppressed
~ cos(B-a)

black dots: 123 < mno or muo < 127 GeV
blue dots: oXBr (gg— h? H? —yy)ussm > 80% (o XBr)sm
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non-decoupling vs. decoupling region

® decoupling limit

‘non-decoupling region ‘

N. Christensen, T. Han, SS (2012)

decoupling region

ma > My
sin(f —a) ~ 1, cos(f —a) ~ 0
= h? light, SM like,
= HY, A% H* heavy, nearly degenerate
= H'WW, H%ZZ coupling suppressed

~ cos(B-a)

2

LER+Tevatron+LHC

@ non-decoupling limit
ma ~ mz
sin(f —a) ~ 0, cos(f—a) ~ 1
- all Higgses light
— H® SM like
= h'WW, h%ZZ coupling suppressed

Ilho or muo < 127 GeV

blue dots:

oXBr (gg— h?, H® —yy)ussm > 80% (0XBr)sm

S.Su
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non-decoupling vs. decoupling region

N. Christensen, T. Han, SS (2012)

‘non-decoupling region ‘ decoupling region

® h? SM-like: large mA 2 300 GeV
® small ma ~ mz: H® SM-like

sigma‘Br/(sigma'Br)SM

black dots: 123 < mno or muo < 127 GeV
blue dots: oXBr (gg— h? H? —yy)ussm > 80% (oXBr)sm

14
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Allowed Region: gg—h% H'—yy, WW

@ correlation between yy and WW

N. Christensen, T. Han, SS (2012)

.. 15 .
O.r < '.w(f
N o CAL

— 'w‘w
S 1 W

=

‘_U)

-

)

0.5

LEP+Tevatron+LHC
At>0

0 05 1 ) 1.5
Br/BrSM for h"— WW
(c)

h°WW coupling:
source for both
h0 — yy and WW

Br(y7) Br(WTW~)

~ 0.9

Br(’Y’Y)SMN . BT(WJFW_)SM'



At (GeV)

4000

-4000

® Ma3sq Vs At

500

Stop Masses

N. Christensen, T. Han, SS (2012)

Heavy stops and/or large LR mixing.

Marz ™~ Mgy (GeV)

500

2000 500

1000

M, . (GeV)
3Q (1)

1000

m,, (GeV)

® Mst1 VS Mst2=-Mst1

LEP+Tevatron+LHC

1500 2000

(b)

S.Su

purple: pass exp

blue dots:

black dots: 123 < mno or muo < 127 GeV
oXBr (gg— h?, H® —yy)ussm > 80% (o XBr)sm




At (GeV)

Stop Masses

N. Christensen, T. Han, SS (2012)

Heavy stops and/or large LR mixing.
vy P 9 9 ® Mst1 VS Mst2=-Mst1

® Massq vs At
4000 2000
2 LEP+Tevatron+LHC
;&) A>0
2000 1500 @
> 0,

RO llght sTop could be fairly light

LEP+

iC heavy stop is always heavy ~ 800 GeV

- s L
Taday as B AT .“A‘ r 500 *:. X

2000 “’* .
-4000 3 A 0
500 1000 1500 2000 500 1000 1500 2000
(GeV) (GeV)
SSO (b) ”(b)

purple: pass exp
black dots: 123 < mno or muo < 127 GeV

S. Su blue dots: oXBr (gg— h° H? —yy)ussm > 80% (oXBr)sm




Allowed Parameter Region

N. Christensen, T. Han, SS (2012)

® ma vs tan 3

50
LEP+Tevatron+LHC
40 A0
= 30
T
20

400

(b)
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Allowed Parameter Region

N. Christensen, T.
Non-decoupling region

95 GeV < my < 110 GeV, 6 < tanf < 16
18

® ma vs tan 3
LEP+Tevatron+LHC

LEP+Tevatron+LHC
A!>O

120 130
m, (GeV)

(b)
. Su

Han, SS (2012)



Allowed Parameter Region

N. Christensen, T. Han, SS (2012)

Non-decoupling region

05 GeV < m4 < 110 GeV, 6 < tanf < 16 ® ma vs tan

18 LEP+Tevatron+LHC R

50 T e

A >0 o

10 ‘ LEP+Tevatron+LHC "v;
40 “t

14 k ,w A‘>O ‘?;'-?
% 12 R « ~ r_;
= A light H* around 100 GeV 3
10 . :

: T How about constraints from b—s y? 5

8 SRR Tk .. How about charged Higgs search constra
5 Lot & /

90 100 110 120 30 0 100 200 300 400 500
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MSSM: need large loop correction from stop sector
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MSSM: need large loop correction from stop sector

heavy stops (with large LR mixing): fine-tuning

v Vi(9)
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tree level mno <mz

V(g) = +u’¢'¢ + Mo 9)*.

M?% =—2p? = 2 \v?
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MSSM: need large loop correction from stop sector

heavy stops (with large LR mixing): fine-tuning
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tree level mno <mz

V(g) = +u’¢'¢ + Mo 9)*.

M?% =—2p? = 2 \v?

A= (g1%+g2?)/8



MSSM: need large loop correction from stop sector

heavy stops (with large LR mixing): fine-tuning
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tree level mno <mz

V(g) = +u’¢'¢ + Mo 9)*.

ST R —

M?% =—2p? = 2 \v?

A= (g1%+g2?)/8

add another singlet S = NMSSM



NMSSM Higgs Sector

® Type IT Two Higgs Doublet Model plus singlet S

WNMSSM = Yuﬂcﬁué + chiclffd@ -+ YQéCI:IdlA—/ @ﬁuﬁd I
e
Vi soft = mag, HiHy +m3 HHg+ M2|S|)* + HtT eH,)S + @

®© SSB

H o [ va/vV2 S = us/V2
T NN U (1= v,/ V/2)

5 5 » after EWSB, 7 physical Higgses

CP-odd Higgs: A1, A2
Charged Higgses: H*
S. Su 19




NMSSM: Masses for Higgses

® Effects of singlet ]
= lift (Mn)ee, small tanB, large A (m; )ixee = m3; cos® 26 + 5 (\v)* sin® 25)

—= mixing with singlet: change HWW/ZZ, Hibb, Higg, Hiyy
@ Lots of work on (125 GeV) Higgs in NMSSM framework ...

Gunion et. al, 1201.0982 Heng, 1210.3751

Ellwanger 1112.3548 Choi et. al., 1211.0875

King et. al., 1201.2671 King et. al., 1211.5074

Cao et. al., 1202.5821 Dreiner et. al., 1211.6987
EllwWanger et. al., 1203.5048 Das et. al., 1301.7548
Benbrik et. al., 1207.1096 ... many other Jack’s, Ellwanger’s paper ...
Gunion et. al., 1207.1545 (incomplete list)

Gunion et. al., 1208.1817

Cheng et. al., 1207.6392 ® H3 hequ’ ma |qrge
Belanger et. al., 1208.4952

Agashe et. al., 1209.2115 © H1126 or H2 126
Belanger et. al., 1210.1976 @ hy/S mixing

S.Su 20



@ push down: mpy < ms

NMSSM: ma decouple case

f

.

S

S

hy

/

® H1 (SM-like) still heavy enough
2 124 GeV

= not too large mass mixing

(to push down mu1 too low)

® push up: mny > ms

7

S.Su

.

hy

S

/
ST s

@ H1 (singlet-like) not ruled out
by LEP
= not too large state mixing

(to have too much H1ZZ coupling)

hy )

J

Agashe et. al., 1209.2115
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NMSSM: ma decouple case

@ push down: mpy < ms

( S

I
T~

@ H1 (SM-like) still heavy enough
2124 GeV
= not too large mass mixing

(to push down mu1 too low)
g

® push up: mny > ms
[ hy )

hy /
T\S_

@ H1 (singlet-like) not ruled out
by LEP
= not too large state mixing

(to have too much H1ZZ coupling)

J

. J

S.Su

Need some tuning to make it work
(without too much help from stops)

Agashe et. al., 1209.2115
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NMSSM: Masses for Higgses

Our work: Focus on the NMSSM low ma region: mas2 mz ‘

All Higgses light
— could have large mixing effects
= can be probed experimentally
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NMSSM: Masses for Higgses

Our work: Focus on the NMSSM low ma region: mas2 mz ‘

I
‘ ‘decoupling region ‘

All Higgses liaht
— could hav{ non-decoupling region
= can be probec 2 N

LER+Tevatron+LHC

® h? SM-like: large mA 2 300 GeV
® small ma ~ mz: HY SM-like
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NMSSM: Masses for Higgses

Our work: Focus on the NMSSM low ma region: mas2 mz ‘

‘ ‘decoupling region ‘
|

All Higgses liaht
= could hav{ non- decouplmg r'eguon
— can be probec¢ 2

LER+Tevatron+LHC

® h? SM-like: large mA 2 300 GeV
® small ma ~ mz: HY SM-like
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NMSSM non-decoupling cases

CH-126 h
H., H.,
S
hv hV

\_ ) Y,
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NMSSM non-decoupling cases
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NMSSM non-decoupling cases
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NMSSM non-decoupling cases

" H;-126 )

Hy

rH2-1261

Hy

hy

S

\. J
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rH2-126N

S

\/

could be realized

(H3-126N

(H3-126N




NMSSM non-decoupling cases

"Hi-126 ) [ Hi-126 ) [ H-126 ) [ H-126 ) [ H3-126 ) [ Hi-126
S
S
S
hV hv hV hV l’lV hV
S
S HV HV HV
S
\_ ) \_ ) \_ J \_ Y, \_ J \_ J
\ / \
\V V

S.Su

could be realized

hard to realized



® H1 126 GeV

(H1-126 )

H,

[ H;-126 |

H,

hy

S
hy

NMSSM Higgs

N. Christensen, T. Han, Z. Liu, SS (2013)

® H2 126 GeV

[ H>-126

H,

hy

[ H>-126
S

hy

H,




NMSSM Higgs

N. Christensen, T. Han, Z. Liu, SS (2013)

® Oyy VS Oww ® Brww vs Brop
2.5, 4
|
=
E\j_)\ 2 = 3t
= @
TN 1.5i- g
T
0 1i ; 2r
@ I
< 0.5 @ 1
S 0.
| ' | 0
Br(gg — H; o Ww/z2) M 0 08 (H. - bb) ey 1.5
2

e grey: pass exp

e green, red, purple, black: satisfy oXBr(yy, WW)
— H2 region IA, mu1>mu2/2, [§42"V]?>0.5
— H2 region IB, mu1>mu2/2, |§42"Y|2<0.5
— Hz region ll, mu1<mu2/2, H2 —H1H1

S. Su e black: perturbativity till meur
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NMSSM Higgs

N. Christensen, T. Han, Z. Liu, SS (2013)

® Oyy VS Oww ® Brww vs Brop
2.5, 4
|
=
E\j_)\ 2 = 3t
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TN 1.5i- g
T
0 1i ; 2r
@ I
< 0.5 @ 1
S 0.
| ' | 0
Br(gg — H; o Ww/z2) M 0 08 (H. - bb) ey 1.5
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— H2 region IA, mu1>mu2/2, [§42"V]?>0.5
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S. Su e black: perturbativity till meur
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Generib 2HDM

1 1
V (D1, ®5) =m2, &0 + m2,®I 05 — (m2,®1d, + h.c.) +§A1(<1>1<1>1)2 + 5A2(<1>;<1>2)2 + A3 (D1 D1) (DL D)

1
T (BT D) (DL D) + {§A5(c1>{c1>2)2 + h.c.} +{)\6 [(qﬂ;cpl) + A (DI Do) | (1 5) + h.c.}

o

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

S.Su 26



h 126 GeV

B. Coleppa, F. Kling and SS (2013)
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h 126 GeV

B. Coleppa, F. Kling and SS (2013)

m, [GeV]

500

masses are less correlated
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h 126 GeV

B. Coleppa, F. Kling and SS (2013)




h 126 GeV

B. Coleppa, F. Kling and SS (2013)

m, [GeV]

500

masses are correlated
|

m,;. [GeV]

0 500
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Connection to Cosmo

Higgs portal

invisible Higgs decay direct detection relic density

indirect detection
S.Su
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Higgs portal

invisible Higgs decay

S.Su

Connection to Cosmo

BR(h,H,A—x%xY)

—
S,
B

— —

—
S S o
T N T - L2 L2 o

-t
S
W

Han, Liu, Natarajan, 1303.3040
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invisible Higgs decay direct detection relic density

indirect detection
S.Su
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Connection to Cosmo

Higgs portal
10%

< 10'F  Fermi (bb channel) 90% C L.

= Z

=

o

T

Z

A

-

bﬁﬁ

V

relic density
indirect detection
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Il. Higgs assisted new physics search
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LHC SUSY Search limits (CMS)

LHCP 2013

Summary of CMS SUSY Results* in SMS framework

§—qui’

§— a9z’

§»mf
9—>ﬁx

§—aq (x =1 lx)
§— qa(P— v’ 17)
§— qq(z=— Wz 1%
aﬁﬁeW)
9—>qq(X‘—>l‘vx)
g—>qq (x —>Zx)
9—>qq(x Y% |x :Wx )
g—>qq(x —>Yx)

R lex

gluino production

squark

> ~0 eft-h;
T t% RReEticn op

7 %0075

stop
)
=
><
i
S
=L

ﬁwWeWﬂ

sbottom
o
1 1 N
=
x

CMS Preliminary

For decays with intermediate mass,
m X-m -(1-x)m,

intermediate — mother

x X —>|I|vx X

_02 0

%y X _’mVX X

XX"|+|VVXX
0

X oo —>WZx x

x P

EWK gauginos

slepton

L I
0 200 400 600 800 1000 1200
*Observed limits, theory uncertainties not included Mass scales [GeV]
Only a selection of available mass limits
Probe *up to* the quoted mass limit




LHC SUSY Search limits (CMS)

LHCP 2013

Summary of CMS SUSY Results* in SMS framework
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CMS limits

dilepton/trilepton + MET CMS PAS SUS-12-022

CMS Preliminary Vs=8TeV,L =9.2fb"
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CMS limits

dilepton/trilepton + MET CMS PAS SUS-12-022
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CMS limits

dilepton/trilepton + MET

CMS Preliminary Vs=8TeV,L =9.2fb"

CMS PAS SUS-12-022
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MSSM EW-ino sector 101

® Gauginos and Higgsinos o
- Neutral ones: Bino, Wino, H.?, H4°

- charged ones: Winos, Ho*, Ha —)l @ Neutralinos and charginos

® Parameters: M4, M, p, tanf
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Decay of heavy neutraline and chargino
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Decay of heavy neutraline and chargine

x2° Xr* l

»>

A rich mixture of (W/Z/h)(W/Z/h)+MET final states!




Decay of heavy neutralino and chargine

X2 e -
A rich mixture of (W/Z/h)(W/Z/h)+MET final states! )
X1 X1

Gunion et. al., Int. J. Mod. Phys. A2 (1987) 1145
Gunion and Haber, PRD 37 (1988) 2515

Bartl et. al., PLB 216 (1989) 233

Djouadi et. al., hep-ph/0104115

Datta et. al., hep-ph/0303095

X2° Huitu et. al., arXiv: 0808.3094 +
Gori et. al., arXiv: 1103.4138 —_— X2
\ Stal and Weiglein, arXiv: 1108.0595
Baer et. al., arXiv: 1201.2949
X1%h ¥X1°Z Ghosh et. al., arXiv:1202.4937 . 7
Howe and Saraswat, arXiv: 1208.1542 X1=h X1

Arbey et. al., arXiv: 1212.6865,
T. Han, S. Padhi and SS, to appear...
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Six cases

LSP(s): usual LSP+degenerate states
NLSP(s): 2nd set low-lying (degenerate) states

Case Al: Bino LSP-Wino NLSP M1 <Mz <
Case All: Bino LSP-Higgsino NLSP M1 < p <M

Case Bl: Wino LSP-Bino NLSP M2 <M1 < p
Case BIl: Wino LSP-Higgsino NLSP M2 < p < M

Case CI: Higgsino LSP-Bino NLSP p < Mq < M2
Case ClI: Higgsino LSP-Wino NLSP p < M2 < M

35
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Six cases

LSP(s): usual LSP+degenerate states
NLSP(s): 2nd set low-lying (degenerate) states

Case Al: Bino LSP-Wino NLSP M{ <Mz < p
Case All: Bino LSP-Higgsino NLSP M1 < p <M

Case Bl: Wino LSP-Bino NLSP M2 <M1 <p
Case BIl: Wino LSP-Higgsino NLSP M2 < p < M

Case CI: Higgsino LSP-Bino NLSP p <M <M
Case ClI: Higgsino LSP-Wino NLSP p < M2 < M

Small NLSP production at LHC: unobservable
nearly degenerate LSP pair productions at ILC: Unique opportunity!
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Case Al Case All
x3°
X2° - - x1i Xzo —_— x1t
X1°h X1°Z X1°h X1°Z
X1 Wt X10 W#
10 L 2 / " L 2 /
Case Bl Case Bl
X3° x2*
x2° X109 Wi
X1¥ W=
X X X LA/ X
Case CI Case CII
. XZt

x3°
X1,2° W3
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Case AI: Bino LSP - Wine NLSP

T. Han, S. Padhi, SS (2013)

(x1i decay 100% via on/off-shell W )

Xg decay: M1< M2 <u

Case Al
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Case AI: Bino LSP - Wino NLSP

T. Han, S. Padhi, SS (2013)

(x1t decay 100% via on/off-shell W )

Xg decay: M1< M2 <u

Case Al
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Productions

Dominant production:
@ Wino pair production: cha-cha, cha-neu
@ Higgsino pair production: cha-cha, cha-neu, neu-neu

oXy = ZU(Xz'Xj) X Br(xix; — XY),

i,J

XY =WW~, W*W=*, WZ, Wh, Zh, ZZ, and hh

38
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Xi X
M ( EM /)
he X;
(a) (b)

Productions

Dominant production:
@ Wino pair production: cha-cha, cha-neu
@ Higgsino pair production: cha-cha, cha-neu, neu-neu

oXy = ZU(Xz'Xj) X Br(xix; — XY),

i,J

XY =WW~, W*W=*, WZ, Wh, Zh, ZZ, and hh
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Productions: Bino LSPT

. Han, S. Padhi, SS (2013)
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Productions: Bino LSP

T. Han, S. Padhi, SS (2013)

Case Al Case All '

® Br(WZ) < 100%, sometime highly suppressed

@ Wh complementary to WZ channel: new discovery potential
® Zh could also be important

@ hh usually is small
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LHC/ILC searches

Channel |Signal (LHC) Signal (ILC)

W*W- OS2L + MET hadronic (4j),

WEWE SS2L + MET semileptonic,
leptonic final

Wz L + MET states +MT

Wh 1L + bb + MET

Zh OS2l +bb + MET

LSP pair ISR photon + soft

40
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LHC/ILC searches

Channel |Signal (LHC) Signal (ILC)

W*W- OS2L + MET hadronic (4j),

WEWE SS2L + MET semileptonic,
leptonic final

L2 3L + MET states +MT

g [Wh 1L + bb + MET
Zh OS2l +bb + MET
LSP pair ISR photon + soft

Wh and Zh channels comparable/complementary to WW, WZ channels!
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LHC/ILC searches

Channel |Signal (LHC) Signal (ILC)

W+*W- OS2L + MET hadronic (4j),

WEWE SS2L + MET semileptonic,
leptonic final

Wz 3L + MET states +MT

g [Wh 1L + bb + MET
Zh OS2l +bb + MET
LSP pair ISR photon + soft

Wh and Zh channels comparable/complementary to WW, WZ channels!
LHC-ILC complementarity
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Neutralino/Chargino search

LHC 14 TeV, L =300 fb-1, PP —= XX (W/Z H(—> b B) + MET) LHC 14 TeV, L = 300 qu, pp — X X - Combined
1000 —— . . . '

1000 =

900

800

Signal Significance
Signal Significance
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—
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500
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300

200
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100 200 300 400 500 600 700 800 900 1000 10 100 200 300 400 500 600 700 800 900 1000

WH+ZH M2 [GeV] All Combined M2 [GeV]

T. Han, S. Padhi, SS (2013)
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Neutralino/Chargino search

1 —
LHC 14 TeV, L =300 fb™, PP = XX (W/Z H(—> b b) + MET) 1000 LHC 14 TeV, L = 300 fb-1, pp — % X - Combined

1000
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Signal Significance
Signal Significance
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.
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300

200
1 -1
100 200 300 400 500 600 700 800 900 1000 10 100 200 300 400 500 600 700 800 900 1000 10

WH+ZH M2 [GeV] All Combined M2 [GeV]

T. Han, S. Padhi, SS (2013)

Unique signal !
Wh complementary to WZ channels !
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Ill. Exotic decay of hon-SM Higgs

® Conventional search channel (even for non-SM Higgs):
vy, ZZ, WW, 11, bb

@ New Higgs decay modes open for (non-)SM Higgs decay
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Searching for Other Higgses

New channels open up for non-SM Higgs decay

HH type |[(bb/TT/WWI/ZZ)(bb/TT/IWWI/ZZ) |hsum — AA,
H — hsm hsw,
H— AA,
Ai = HjAy,...
H*H- type |(Tv/tb)(Tv/tb) H/A — H*H-
ZH type (I/qqg/vv)(bb/TT/IWWIZZ) hsm — ZA,
A— Zhspw, ...
WH?* type |(lv/qq’) (Tv/tb) H/A— WH?*
WH type [((Iv/qq’)(bb/TT/WW/ZZ) tH* production,
H*— WH
Hf— WA
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Searching for Other Higgses

New channels open up for non-SM Higgs decay

HH type |(bb/TTTWW/ZZ)(bb/TT/IWWI/ZZ) |hsm — AA,
H — hsm hsw,
H— AA,
Ai = HjAy,...
H*H- type |(Tv/tb)(Tv/tb) H/A — H*H-
7\
—> ZH type ((Il/ q/VV@TT/WW/ZZ) hsm — ZA,
A— Zhspw, ...
WH?* type |(lv/qq’) (Tv/tb) H/A— WH?*
WH type [((Iv/qq’)(bb/TT/WW/ZZ) tH* production,
H*— WH
Hf— WA
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Searching for Other Higgses

B. Coleppa, F. Kling, SS (2013)
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Searching for Other Higgses
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Conclusion

@ the discovery of Higgs is a remarkable triumph in particle physics
@ a light weakly coupled Higgs argues for new physics beyond SM

@ current Higgs search results already impose strong constraints on new
physics beyond the SM

@ Higgs should not be a lonely particle: interactive friends and partners
® Higgs help with searches for other new physics

@ search for Higgs in the unconventional channel

® LHC lights the way for the searches

® Higgs factory: precision measurements of Higgs properties
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Conclusion

@ the discovery of Higgs is a remarkable triumph in particle physics
@ a light weakly coupled Higgs argues for new physics beyond SM

@ current Higgs search results already impose strong constraints on new
physics beyond the SM

@ Higgs should not be a lonely particle: interactive friends and partners
® Higgs help with searches for other new physics

@ search for Higgs in the unconventional channel

® LHC lights the way for the searches

® Higgs factory: precision measurements of Higgs properties

An exciting journey ahead of us!
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We found Higgs
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Great!
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