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Mosaic of the CMS and ATLAS detectors (as in 2007). part of the Large Hadron Collider at CERN. In 2012, research
teams used these detectors to fingerprint decay products from the long-sought Higgs boson and determine its mass,
successfully testing a key prediction of the standard model of particle physics.

Photos: Maximilien Brice and Claudia MarcalionVCERN

"BREAKTHROUGH of the YEAR (2012)”’ - Science

The discovery of the Higgs-
like particle at the LHC
announced that a new era of
particle physics, the Higgs
era, has begun.

Tuesday, August 13, 2013



m Leading Window into New Physics ?

If new physics (NP) manifests itself as SM singlet operators, the 125
GeV Higgs is one of the two fields in the SM which may couple with it via
renormalizable couplings [Patt and Wilczek, arXiv:[hep-ph/0605188]]

L O AH"HONp

Lorentz invariant gauge singlet

If NP serves as a solution to the hierarchy problem (e.g., SUSY), the 125
GeV Higgs must couple with the NP directly

Both types of couplings can modify the Higgs productions and decays at
colliders.

So the 125 GeV Higgs can be a leading window into NP and we should
study everything about it within the next years or decades!
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W Several Ways to Do That

LHC (+ future

, Measure the SM Higgs
colliders ...)

couplings
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LHC (+ future
colliders ...)

J J Several Ways to Do That

Measure the SM Higgs
couplings

Search for non-standard
production
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m Several Ways to Do That

LHC (+ future

colliders ...)

v

Measure the SM Higgs
couplings

Search for exotic decays
(absent in the SM)

Search for non-standard
production
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lT—D Several Ways to Do That

LHC (+ future

. Measure the SM Higgs
colliders ...)

couplings

Search for non-standard
production

Tuesday, August 13, 2013



1

u JJ Higgs Decay Width in the SM

The SM Higgs width is tiny for mh ~ 125 GeV

I'ts decays into gauge bosons are either off-shell ( WW*, ZZ*), or at
loop level (di-photon, di-gluon)

Its decays into fermions tend to be suppressed because of small
Yukawa couplings (except 11*)

About three orders smaller than the Z or W widths (~ 4MeV only) |

1(KX)

1 ()

Decay width in Geld

| OD 150 201 300 S5(K) 700 | (KX)

Higgs mass in GeV/er
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W Exotic Higgs Decays

A small non-standard Higgs coupling may lead to sizable effect.

e.g., AL = \S?|H|? (common building block in extended Higgs sectors)
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A ~ 0.005 and mg < B can give Br(H — S5) ~ 10%

So exotic Higgs decays are a natural and very efficient way for
probing new physics
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Scale factor/

Z DECAY MODES Fraction (I';/T)

( 3.363 +0.004 )%
( 3.366 +0.007 )%
( 3.370 +0.008 ) %
( 3.3658:+0.0023) %

invisible (20.00 +0.06 )%

hadrons (69.91 £0.06 )%

(ut+cc)/2 (11.6 £06 )%

(dd+ss+bb)/3 (156 +04 )%

‘ (12.03 +021 )%

(15.12 £005 )%

888 < 11 %
70 < 5.2 x 10~5
ny < 5.1 x 103
Wy < 6.5 x 10—4
7' (958)~ < 42 x 10~5
vy < 52 x 103
YYY < 1.0 x 1075
nE WTF (W < 7 x 10—3
pE=WT [h] < 83 x 103
J/¢(18)X (351 1023 )x10-3
¥(25)X (160 +029 )x10~3
xe1(1P)X (29 +07 )x103
Xc2(1P)X < 32 x 10~3

Rare and non-standard decays

P

Confidence level (MeV/c)

CL=95% =
CL=95% 45594
CL=95% 45592
CL=95% 45590
CL=95% 45589
CL=95% 45594
CL=95% 45594
CL=95% 10162
CL=95% 10136

S=1.1 -
CL=90% -

<

Z Boson Measurements (from PDG)

T(1S) X +7(25) X
+T(3S) X
T(15)X
T(25)X
T(35)X
(D°/D°) X
D*X
D*(2010)* X
Dy, (2536)* X
D, ;(2573)* X
D*'(2629)* X
B* X
BYX
ix
=0x
C
=X
b-baryon X

anomalous 7+ hadrons

(1.0 05

< 4.4

< 1.39

< 9.4

(20.7  +2.0

(122 %17
[h] (11.4 +13

(36 +08

(58 +22

searched for
[] (6.08 +£0.13
[l (159 =013
searched for

(1.54 +0.33

seen

seen
[ (138 =022
U] < 3.2

» SM decays

) x 10-4

x 1072
x 10—4
x 10~
) %
) %
) %
) x 10—3
) x 10—3

) %
) %

) %

CL=95%

CL=95%
CL=95%
CL=95%

CL=95%
CL=95%
CL=95%
CL=95%
CL=95%

CL=95%
CL=95%
CL=95%
CL=95%
CL=95%
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q""II “Invisible’ Higgs Width

Limit on Invisible Decay BR.

ATLAS-CONF-2013-34

10;

< Consider effective loop couplings: x,, ¥, ; o ATLAS Preimeary 8 .
 Fix the SM Higgs couplings for x, and x, & * Z1% Ll T@mE. - As a comparison (for mh=125GeV)
<+ Define the invisible branching ratio BR,, o— ~
Iy= Fgu+ T, BR,, =TI,/ 3 3
© Br(hsm — Z2%) ~ 0.03
Parameterization on modified Higgs width: . :

Br(hsy — WW™) ~  0.15
Br(hsy — 77) ~  0.06

- 06 €1 02 03 04 05 06 07 08 09
K (xi) SM
r..

(l - BRim-..umlcl.) H

My =

BR,,, < 58% at 95% C.L.

+Three fitted parameters: 0.3
Ke = LO8 ;73

K, Kq * BR;, 2 -3::

— +0U.10

42

see also Belanger, Dumont, Ellwanger,
Gunion, Kraml; Espinosa, Muhlleitner,
Grojean, Trott; Ellis; Strumia

Bing Zhou'’s talk

There exists a lot of room for exotic
Higgs decays: > 50% BR is allowed! m
(exotic and invisible decays are not

distinguished here)
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u JJ There Will always Be Room for Exotic Decays

O(10%) BR into exotic decay modes are not only allowed

by existing data, but will remain reasonable targets for
the duration of the LHC program [M. Peskin, 2013]

g(hAA)/g(hAA)| -1 LHC (14TeV, 300/fb, 1 sigma CL)

01

005 +

0

—> Allowed Br
for exotic
Higgs decays

005 +

01

015 +

W Z b g v 1t C t inv. _

025 +
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How Many Exotic Decay Events Possible Right Now?

assume BR(h—new) = 10%, LHCS8, 20/

channel # events (raw)
ggF 39000
VBF 3150
W(av)+h 280 Associated
Production
Z(@+h 55 (AP)
ttH 260

Searching for them are not so easy:

Many events in ggF/VBF, but suitability depends on the Higgs decays
Can always trigger w/ AP... but not many events

Usually specific signature => dedicated search strategies are required
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lT'B How Many Exotic Decay Events Possible Right Now?

What is the discovery potential for exotic
Higgs decays at LHC8 ? At LHC14? And even
at a future Higgs factory?

Tuesday, August 13, 2013



1

JJ The Exotic Higgs Decay Working Group’’

ll

D. Curtin, R. Essig, S. Gori, P. Jaiswal,
A. Katz, TL, Z. Liu,
D. McKeen, J. Shelton, M. Strassler,
Z. Surujon, B. Tweedie, Y. Zhong

Self-formed group of theorists. Our aims are:

Survey, systematize, prioritize exotic Higgs decays

Develop search strategies, assess discovery potential, provide viable
benchmark models/points

Inform trigger selection for LHC14 + future collider

Eventually, assemble comprehensive summary document & construct
website to inform experimental analyses (timescale ~ O(few weeks))
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lT'B The Exotic Higgs Decay Working Group”

Exotic Higgs Decays

David Curtin,! Rouven Essig,! Stefania Gori,>? Prerit Jaiswal,* Andrey
Katz,” Tao Liu,® Zhen Liu,” David McKeen,” Jessie Shelton,” Matthew

Strassler,” Ze’ev Surujon,! Brock Tweedie,® and Yiming Zhonglﬂ

Self-formed group of theorists. Our aims are:

Survey, systematize, prioritize exotic Higgs decays

Develop search strategies, assess discovery potential, provide viable
benchmark models/points

Inform trigger selection for LHC14 + future collider

Eventually, assemble comprehensive summary document & construct
website to inform experimental analyses (timescale ~ O(few weeks))
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m The Website of ~ Exotic Higgs Decays”

Z ®nO Non-Stat

Non-Standard-Model h Decays

Much work has been done over the past twenty years on non-SM Higgs decays in different
contexts. The purpose of this document is to assemble the motivations, models, and
signatures of non-SM decays of h bosons that appear in the literature, and provide the
necessary information for contextualizing, systematizing, and prioritizing LHC searches for
such decays.

Please click here for the motivation for the careful consideration of Non-Standard-Model
h decays at the LHC.

Please click here for the list of possible decays, discussion of prioritization, and available

studies.

Leave a Reply

Your email address wil not be published. Required fields are marked *

Name *
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The Website of Exotic Higgs Decays”

SO Non-Stai
| p» + |63 http://phenoll.physics.sunysb.edu/web/wopr/?page_id=6

-

Motivation for Studying Non-
Standard-Model h Decays

1. The decays of any newly discovered particle need to be thoroughly
characterized, and this is especially true of the h, for several reasons. For any
new particle, including most recently the b and t quarks, the W boson and especially the Z
boson, the study of its decays represents a powerful strategy for seeking and constraining
BSM physics. Specifically, searches for decays that are expected to be small or absent in
the SM (e.g. b— sy, Bs—uu, t— cZ, Z— 471) --- in short, null experiments --- are especially
sensitive, because often these decays are suppressed by exact or approximate
symmetries of the SM that are absent in many BSM contexts. Since the h interacts with all
SM particles proportional to their masses, but often interacts differently with BSM particles,
which often do not get any or all of their mass from the Higgs field, many of its decays that
are allowed by symmetries, but are highly suppressed in the SM, are greatly enhanced in
BSM contexts. (The same is true of its production modes, though this lies beyond our
scope.)
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(W)

Decays to Standard Objects Without Missing Energy

1. h—2 = (2)+(1)
" y4+Z
" y+2Z'
2. h—2—(2+2)
= via Spin-0 Bosons (S)
= (bb)(bb)
= (bb)(T"T)
= (bb)(u i)
" (T T)( )
= (bb)(yy)
" (T°T)(yy)
" (YY(yy
" (YY)(99)
= via Spin-1 Bosons (Z’)
= (FR(F)
 (FH)(qq
3. h— 2 — (3)+(3) or (2+1)(2+1)
= via Bosons

The Website of Exotic Higgs Decays”

Decays to Standard Objects With Missing Energy

(except for that from b’s, c’s, tau’s)
1. h—=0
= MET (Invisible decay)
2. h—-2—-1+0
= y+MET
3. h—-2-52+0
= via Spin-0 Bosons (S)
= (bb) + MET
» (r'17)+ MET
" () + MET
» (yy + MET
= via Spin-1 Bosons (Z’)
= (IF) + MET
= via Spin-1/2 Fermions
= yy+ MET
= [yyl + MET
= [IF] + MET
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lT'B The Website of ~ Exotic Higgs Decays”

Decays to Standard Objects Without Missing Energy Decays to Standard Objects With Missing Energy
(except for that from b’s, c’s, tau’s)
1. h—2— (2)+(1) T ho0
R e = MET (Invisible decay)
et D h—s2— 1+ 0
2. h—2—(2)+(2)
= via Spin-0 Bosons (S) S ¢
(bEDﬂﬁD 3. h=2-22+0
(bb)(TT) = via Spin-0 Bosons (S)
(bB) (k) " (bb) + MET
(T°T) (1 ) " (1) +MET
(bb)(yy) s () + MET
(T-T)(yy) = (yy) + MET
(YW(vv) = via Spin-1 Bosons (Z’)
e, = () + MET
Bt it = via Spin-1/2 Fermions
= (FR(F)
- (H)qq “IHENE
3. h— 2 — (3+(3) or (2+1)(2+1) " [yy] + MET
= via Bosons \ =[]+ MET

Decays into purely visible or purely MET are familiar to us
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lT'B The Website of ~ Exotic Higgs Decays”

Decays to Standard Objects Without Missing Energy Decays to Standard Objects With Missing Energy
(except for that from b’s, c’s, tau’s)
1. h—=2—=(2)+(1) -
= y+Z

= MET (Invisible decay)

. Y+Z 2. h—-2—-1+0
2. h—2—(2+2)
= via Spin-0 Bosons (S) i
i 3. h—-2-52+0
I = via Spin-0 Bosons (S)
. (BB)(u ) oL NET
" (T T)(ru) " WE RIS
. BBy ARGl
" (TT)(yY) = el
" (YW(vy = via Spin-1 Bosons (Z’)
| . (.YW(QQ) | = (FF) + MET
" via .Sp(:/r.wl-;(/.Bljsons (Z’) = via Spin-1/2 Fermions
* ("1)aq e
3. h— 2 — (3)+(3) or (2+1)(2+1) e il
= via Bosons "M

Decays info MET + visible are less studied in the past
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lT'D The Website of ~ Exotic Higgs Decays”

Decays to Standard Objects Without Missing Energy Decays to Standard Objects With Missing Energy
(except for that from b’s, c’s, tau’s)
1. h—=2 = (2)+(1) -
= y+/Z

= MET (Invisible decay)

® Wl 2. h—2—1+0
2. h—2 - (2+(2)

= via Spin-0 Bosons (S) el
. (bB)bb) 3. h—=22-252+0
o (B = via Spin-0 Bosons (S)
" (bb)(uu) = (bb) + MET
" (T°T)(r ) = (T°7) + MET
= (bb)(yy) " (uru)+ MET
" (T°T)(yy) = (yy + MET
" (yv(yy = via Spin-1 Bosons (Z’)
" (Yy(99) = () + MET

= via Spin-1 Bosons (Z’)

= via Spin-1/2 Fermions
= (FR(F)

= (F)(qq Y MET
3. h— 2 (3)+(3) or (2+1)(2+1) = [yy] + MET
= via Bosons =[]+ MET

Can be found in many NP scenarios: SUSY, little Higgs, SM+X, .... we build up
benchmarks in the Next-Minimal-Supersymmetric-SM (NMSSM)
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W NMSSM: R-symm limit vs. PQ-symm Limit

1
Wxussy = YoQH,U® — YpQH,D® — Y;LH,/E® + \NH, H, + §/<;N3

Viopt = migy, | Hal* +miyy, [Hu|* +my|N|* — (\ANH  HgN + h.c.) + (%AKN?’ +he)

R-symmetry PQ-symmetry
R-symmetry: Al, Ak -> O, k is not small PQ-symmetry: k -> 0, Ak -> 0, Al is
not small
al is singlet-like and light: R-axion. a1, hy (singlet-like) and y; (singlino-

Singlet-like CP-even Higgs and singlino- like) tend to be simultaneously light

like neutralino are ’rypically not light [Draper, TL, Wagner, Wang and Zhang,
Phys. Rev. Lett. 106 (2011)]

100 - I I 1 1 I I - 100 - I I I I I I I -
2 ; ] ' '
2 O @)
MA22 g _SRAK;S :ﬁ 10 3 E \';? 10 3 e
g 1 €
MX055 ~ 2KS >z><<
1 ! ! oK) ! ! 1 ! ! e Bl !
-0.2 -0.15 -0.1 -0. 0.05 0.1 0.15 0.2 -0.2 -0.15 -0.1 -0.05 0.05 0.1 0.15 0.2
€ €
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W NMSSM: R-symm limit vs. PQ-symm Limit

R-symmetry PQ-symmetry

h -> alal is typically significant h -> alal, hlhl are generically suppressed
h — y1%. becomes significant, if

kinematically allowed!
[Dobrescu et al., Phys. Rev. D 63 (2001);

D isek et al.. Phvs. Rev. Lett. 95 (2005 [Draper, TL, Wagner, Wang and Zhang,
SRR A, TS TR ( d Phys. Rev. Lett. 106 (2011)]

AN?v? \?
2 2 2 2
mr ~ —4ve® + = 7 <
i tan? (3 tan? (3
B, T b . |
/I mzv N (9( pak )
Yhsaia - € ; )
1 - ‘ | 20101 E : i
h ? #< T @ Waed H 1=0 tan*
’ 4 .
T . mzv A\
he H Yhohihy —— _\/5)\5 y + 2\/57]52 + ;:O: O (tani 5)

o £ X A 1
utan 3
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h -> alal is typically significant

NMSSM: R-symm limit vs. PQ-symm Limit

R-symmetry PQ-symmetry

h — y1%. becomes significant, if

kinematically allowed!

[Draper, TL, Wagner, Wang and Zhang,
Phys. Rev. Lett. 106 (2011)]

[Dobrescu et al., Phys. Rev. D 63 (2001);
Dermisek et al., Phys. Rev. Lett. 95 (2005)]

h -> alal, h1lhl are generically suppressed

(E) L —— e e e e — (F) I E
_ 0rf | ' i 0.1 b
o 001 F 7 < B 0.01 k
.c 3 “ m 3
t  oom k 1t oomf
. ff-~ ™~ 1 'Sl i
Mooy b :§ 0.0001 E - = 00001 |
7 | as |
le3 F - le-05 ¢
a]' ¢ 4 4 eI - 1 I — ] le-06 :
h b H T b 02-015-0.1-005 0 005 0.1 0.15 02 02 0.15-01-005 0 0035 0.1 0,15 02
' _<" £ £
\ /l— (G) 1 (H) |
e ' o) '
. e 0.1 o 0.1 ¢
- ? 0.01 0.01

/l o4 - t\\ : .

§ - -5 - : "_.4

15 A

o 0.001 : % 0.001 : ¥

0.0001 L 0.0001 ooty v A
0.2-0.15-0.1-005 0 005 0.1 0.15 0.2 0.2-0.15.0,1-005 0 005 0.1 0.15 0.2
£ £
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W NMSSM: R-symm limit vs. PQ-symm Limit

R-symmetry PQ-symmetry
h -> alal is typically significant h -> alal, h1lhl are generically suppressed
h — 11, becomes significant, if

kinematically allowed!
[Dobrescu et al., Phys. Rev. D 63 (2001);

D isek et al.. Phvs. Rev. Lett. 95 (2005 [Draper, TL, Wagner, Wang and Zhang,
SHTISER AL, TS TR ( d Phys. Rev. Lett. 106 (2011)]

X1

H-T b e %
al - o >
h e T ey Wi 8] X2 f
£ N
-—-=-=
X /l é]}\; ~
4
T f

X2 — y1h1, 121 are typically dominant
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W NMSSM: R-symm limit vs. PQ-symm Limit

R-symmetry

h -> alal is typically significant

[Dobrescu et al., Phys. Rev. D 63 (2001);
Dermisek et al., Phys. Rev. Lett. 95 (2005)]

H

T

PQ-symmetry
h -> alal, h1lhl are generically suppressed

h — y1%. becomes significant, if

kinematically allowed!

[Draper, TL, Wagner, Wang and Zhang,
Phys. Rev. Lett. 106 (2011)]

X1

hg
—_— P—— —_— + — U

X1

Y
If mass splitting between x> and y: is small, y, —

x1h1, x121 become off-shell and Br(y, — photon +

x1) can be enhanced to O(1)% level
[S. Gori, TL and J. Shelton, arXiv: 13xx.xxxx]
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h -> alal is typically significant

R-symmetry

[Dobrescu et al., Phys. Rev. D 63 (2001);
Dermisek et al., Phys. Rev. Lett. 95 (2005)]

It .T b
al -
h 2 T b
._-.__<,
Y /l"
Ty

PQ-symmetry

NMSSM: R-symm limit vs. PQ-symm Limit

Benchmarks h = xix2|h = x1x2| h = xaxe
A 0.18 0.064 0.02
K 3.4 x 10-3[0.0 x 10-3] 1.2 x 10-3
tan 3 0.0 12.5 10
1(GeV) 326 138 160
Ax(GeV) 2060 1700 1800
Ax(GeV) 435 17 -
M;(GeV) 85 R0 55
mn, (GeV) 93.0 34.6 17.4
mpn,(GeV) 124.7 125.3 124.9
ma, (GeV) 98.7 31.6 14.2
my, (GeV) 12.7 30.1 19.7
My, (GeV) 80.8 66.4 47.3
BR(hz — ajay) <001 | <001 | <001
BR(ha—»xix1) | <001 | 004 | <001
BR(hs — yixa) (0.8 _ﬂ) 0.05
BR(hs —+ xax2) | <001 | <0.01 0.31
BR(x2 — x1h1 + x1a1 6.92+0.0§|> <0.01 |0.09 + 0.60
BR(vo — v:X*) | U007 096 0.30
BR(x2 — x17) < 0.01 /0.0-4\|> 0.01
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LHC Upgrade Plan

>

Luminosity [cm2s]

TR

»,
N Sy < - A8, -
SR S

Phase-0

13 TeV &
fransition
to 25 ns

1x103%4

Phase-1 Phase-2

14 TeV
3x1034

v ttj/,/:t’:’ IAAAAA A A A A

AR AL L L L L L
R HhHns

TR

ARNANARMRUUR R AR R AR R AN
A
L)

R
ARSI RY,
""‘”‘“\""""“‘;'\“?\‘1‘:‘&‘%\‘ti‘:
ARV R R NN,

AR R R R R R
:bb‘:}};\hb}\\&&)}\\}b&
Y
.-

ARV U R LU ULV RS
A
ARV RS,
AR R LR RRR R R LR R
AR N NN *‘\\\ W
ARRRRS Yy Cadh N e L N
ARRRUT TR QAR AR T R WA
A

LS3 (HL-LHC project)

now

2013/2014

2018

2022/2023

/x1034

Luminosity
leveling
(250/fb/y)

Year

Many things to explore during the whole LHC era. Next T will
show some examples (preliminary results)
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Example |: di-muon + MET Stefania Gori, TL

U

OO Y A N N R R R
s ... R R R R R R .
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ SRR AR AR R R R AR RS
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
O RO N, NOLNOROROROR RO L R,

R e A
O R R O SNSN WRAN \ WRRRRLLRNRNNS

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ \\\\ \\\ AR AR

-
.§}}§§§§}§§§}§>§§§}§§§). ' NN \\\\\\\\\\\ ANNRRRLRS

now 2013/2014 2018 2022/2023 Year
%12_—
Mhy Mhy Wy My g 105— Signal, ¢ = 0.1
1 GeV|125 GeV |10 GeV |80 GeV =i — Background

£
Trigger: W + h2 S |
Main background: W + gamma*/Z o
(after some specific isolation cut) E

1.5

iy

=

— T 3 A
m(u* ) (GeV)

S
With 13/fb data only at LHC8, —= ~ 50 can be achieved, with
o(ha) -
2

Ceg =
' o (hsw)

[Huang, TL, Wang et. al., arXiv: 13xX.xxxx]
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David Curtin

Example |I: bbbb Rouven Essig

NOW 20] 3/2014

Trigger: Wh + Zh

Strategies: work in the boost regime, apply jet substructure
tool + 2b-tags

For 100/fb data at LHC14 and Ceff =1

2018

mq(GeV)|Signal| s/b| o
20 1.9 | 2% |0.18
30 374 |33%|3.49
40 63.1 |55%5.89
50 61.0 |53%5.69

Prerit Jaiswal

CNOOORRRRRRRRNRNNNYNY AU RO R LU RS
e e
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ NRRURUUNRRRN N Y

R ':‘:‘:;;‘1::11;‘ 1N on
A

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ \ RN \ \ \ \ \ \ \ \

OO OO NSNS, \ R

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ AR \\\ \\\\\\\\\ \\

-
l>>>>>>>>>>>>>>>>>>>>>>. TR

2022/2023 Year

Carena, Han, Huang, Wagner (2007)
Cheung, Song, Yan (2007)
Kaplan, McEvoy (2011)
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Example lll: di-b + MET

NN

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\

\\\\\\\\\
\\\\\\\\\\

A
R R R R R
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Blue: t1 + jets
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Strategies: Z ID + jet substructure tool
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With 300/fb data only at LHC14, /5 ~ °7
can be achieved (Ceff = 0.5)

[Huang, TL, Wang et. al.,

arXiv: 13xx.Xxxx]
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LHC vs. Higgs Factory
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Difficult cases at the LHC:

The final state is purely MET or soft jets (with or without
MET), given the BR for the exotic Higgs decay below 10%

Question: can a Higgs factory play a role in discovering exotic decays
which are challenging at the LHC?

[TL, Chris Potter, arXiv: 13xx.xxxx]
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lT'B Summary

The 125 GeV Higgs can be a leading window into BSM physics => must look
explicitly for its exotic decays

There exist many possibilities for its exotic decays, so we need to survey,
systematize, prioritize them, and assess their discovery potential

R- and PQ-symmetry limits in the NMSSM provide supersymmetric
benchmarks for various exotic Higgs decays with and without MET

The LHC and a future Higgs factory can play a crucial role in searching
for them ... ...
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