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® The Higgs boson as we know of :

Higgs Couplings to SM particles are SM-like.
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® Are exotic decays of the ® Will exotic decays of the Higgs
Higgs allowed by current be allowed by future
experimental constraints? experimental constraints!?

Br(h — invisible/undetected) Even with 300-' fb @ 14 TeV LHC,

uncertainties are at least 5-10 %.
< 60 % at 95% C.L.
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Assumption : Br(h —inv/undet) = 10 %

8 TeV 14 TeV
Production | N10% 20 fb—1|N107 300 b~
goF 38,500 1.5 x 10°
VBF 3,200 125,000
hW* 1,400 45,000
“ Ry AW (0Fy) 300 9,600
IRE S ACN \hz 830 26,500
%%e(\(\%( @0 g
) \ o
W so‘fN\ﬂ,'ﬁ;\MZ(zw—) 56 1,800
Vs o _
: tth 260 18,300
... some events may already And possibly many more to come

be on the tape in the future runs...
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But why study exotic decays of the Higgs?
* Itis a likely possibility.
SM Higgs decay width, [, = 4.07 MeV
Even a small coupling to new particles can give sizable BR.

* Higgs as Portal to New Physics / Dark Sector

* Renormalizable couplings * Probing NP scales > | TeV
to SM singlet states -
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Existing Experimental Searches
h — invisible

CMS PAS HIG-13-013 (8 TeV)

CMS PAS HIG-13-018 (7+8 TeV)

CMS PAS HIG-13-028 (8 TeV)

ATLAS: 1402.3244 (7+8 TeV)

h = light pseudoscalars

h—2a—4y : ATLAS-CONF-2012-079 (7 TeV)
h—2a—4p : CMS PAS HIG-13-010 (8 TeV)

h — lepton-jets

muon-jets : CMS PAS HIG-13-010 (8 TeV)
electron-jets : ATLAS 1302.4403 (~2/fb, 7 TeV)
displaced muon-jets : ATLAS 1210.0435 (~2/fb, 7 TeV)
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Exotic Higgs Decay Working Group

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

Main Document : arXiv: 1312.499?2

Aim of our work

® survey, systematize, prioritize exotic decays
* extensive literature exists, but models need reassessment:
what BR can be probed? how maximize sensitivity!?

* to some extent, develop search strategies, provide viable
benchmark models/points, inform LHC |4 trigger selection
* provide website that will be updated regularly

www.exotichiggs.physics .sunysb.edu
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http://www.exotichiggs.physics.sunysb.edu
http://www.exotichiggs.physics.sunysb.edu

Assumptions

* Observed |25 GeV state is primarily responsible for EVWWSB
e |25 GeV state decays to new BSM particles
* |nitial decay is 2-body

<<

h — 2 h—2—3 h—2—>3—14 h—2—(1+3)

<<

h—2—4 h—2—4—6 h—2—6
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Theoretical Models

Decay Modes we studied"

SM + Scalar
n—MET —ZpZp— 4l
1_’4:) 1_’X+MET 2HDM (—I— Scalar)
N—2b2T n—2¥+MET SM + Fermion
N—2b2p N 41+MET SM + 2 Fermions
'1—*4T, 2T2 —2|+MET | SM -+ Vector
n—4j h—one lepton jet
N—2Y2] h—two lepton jets Mis5M
n—4Yy n—bb+MET NMSSM with exotic Higgs decay to scalars
n—ZZp—4l N TT+MET

NMSSM with exotic Higgs decay to fermions
Little Higgs
Hidden Valleys

Need Simplified Model Approach!
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Exotic Higgs Decays : Rich Phenomenology
® Example | :SM + Singlet
V(H,S)=—p*|H|* — %M’QSQ+A]H\4+i/@S‘l—F%CSﬂH]Q.

-® If unbroken Z; symmetry = stable S = invisible Higgs decays

+® If Z, is broken = h = ss X XYY
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Exotic Higgs Decays : Rich Phenomenology

® Example Il : SM + Vector

g B, Zp ¢ \
Standard Model Dark Sector
SUB)xSU(2)xU(1) € U(1)p (massive)
€ ~ 1% . . . .
AL ~ 5 By, Z kinetic mixing
Zp
light hadrons
h— — — — M ox €

0.2_\ = g

a B
0.1 \ Unlike previous example, J’a
| e - NOT Yukawa weighted )
00— io 20 30 40 50 60 -
my,
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Results
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h — a a® = fermions

aa—4b
h—4b (Yukawa h— aa
weighted)
Projected/Current quarks allowed quarks suppressed
Decay 20 Limit Produc- Limit on Limit on
Mode on Br(F;) tion Brgli)(rfiS)M) 5o - Br(non-SM) Brgll;)(i"'s)M) 5o - Br(non-SM)
Fi 748 [14] TeV Mode 7+8 [14] TeV 748 [14] TeV
bbbb 0.77 [0.2%] W (:\ 0.8 /‘) 0.9 [0.2] 0 ~
bbTT > 1 [0.15%] 1% 0.1 > 1 [1] 0 -
bbup | (2—7)-1074 71 G 3x 1074 0.7 -1 0 -
(0.6 —2)-1074 1] 0.2 —0.7]
rrrr | 0.2 —0.4%7 [U] G 0.005 40 — 80 [U] 1 0.2 — 0.4 [U]
rrup |(3—7)-107*T [U]| G 3x107° 10 — 20 [U] 0.007 0.04 — 0.1 [U]
ppp | 121074 £ U G 1-1077 1000 [U] 1-107° 10 [U]

projection/limit based on theory estimate in literature (L), our theory
estimate (T), our re-interpretation of an LHC limit (R), or is unknown (U)
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h — aa®) = fermions

Projected/Current quarks allowed quarks suppressed
Decay 20 Limit Produc- Limit on Limit on
Mode on Br(F;) tion Brgi)(rfiS)M) 5o - Br(non-SM) Braro(rfiS)M) 5o - Br(non-SM)
Fi 7+8 [14] TeV Mode 7+8 [14] TeV 7+8 [14] TeV
bbbb 0.77 [0.2%] W 0.8 0.9 [0.2] 0 -~
bbTT > 1 [0.15%] 1% 0.1 > 1 [1] 0 -~
_—0bup | (2 — 7)-+10—4 r G 3x 1074 0.7 -1 0 -
— (0.6 —2) - 107" 7] (0.2 —0.7] - _
T | 0.2 —0.4% U] ? 0.005 40 — 80 [W 1 0.2 — 0.4 [U]
T (3—+7) 107t U G 3x107° 10 — 20 [U] 0.007 0.04— 0.1 U]
pppp | 1-1004E 0] | G | 1-10-7 | 1000 [U] 1105 | 10 [U]
bbupy & TT

searches well motivated jn Rug | & Run Il 3
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Example : Limits on h = aa — 4b

Theory estimates for 14 TeV LHC from existing literature

Carena et al. - arXiv:0712.2466
Kaplan, McEvoy - arXiv:1102.0704
(Use of jet-substructure techniques)

Limits from recasting h =2 b LHC searches (7/8 TeV)

For ma,< |15 GeV, b-pair highly collimated.
= Efficiency of SM h —bb analysis is high

Br(h — 4b) < 0.7
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h —aa0 = yy/gg

Projected /Current Br(a — v7v) =~ 0.004 Br(a — v7v) =~ 0.04

Decay 20 Limit Produc- Limit on Limit on
. Br(F; o Br(F; o

Mode on Br(F;) tion Br(no(n—S)M) so— - Br(non-SM) Br(no(n—S)M) so— - Br(non-SM)
Fi 748 [14] TeV Mode 7+8 [14] TeV 748 [14] TeV

7373 > 1 [0.157] W 0.99 > 1 [0.1%] 0.92 > 1 [0.1%]

VY7 j 0.04 [0.015%] W 0.008 5 [1*] 0.08 0.5 [0.1%]

yyyy [2-1074 1 [3.107° &*]| G 1-107° 20 [1%] 0.001 0.2 [0.03*]
search for 4y in Run | and for 4y, 4j, 2Y2i in Rup I
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h— Zp Zp

Projected /Current
Decay 20 Limit Produc- Limit on
Mode on Br(F;) tion Brg’;(iiS)M) 5o - Br(non-SM)

Fi 748 [14] TeV Mode 748 [14] TeV

7777 > 1 [0.15%] W 0.25 > 1 [0.4%]
eeee | 4-107° B (U G 0.09 4-107% [U]
jjup 10.002 —0.008 T [U]| G 0.15 0.01 — 0.06

(5 —20) x 1074 1] 0.003 — 0.01]
bbup | (2—7)-10747 G 0.015 0.01 — 0.05

((6 —20) - 107 1] (0.003 — 0.01]

search for 4 £ highly motivated in Run Land Run It
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Summary of highly motivated searches

* h— ZpZp — (LT 07)
o« h— ZZp — (Te)(ete)
e h /(¢ + Er

e h = (T4 170 +Fr

e h—aad) = () (utp)

e h—ad) = (7)) (utp)
o h—aa) = (y)(vy)

o h—=yy+Er

 Search across full kinematic range, including regimes where leptons are
collimated or (b-)jets merge
e Relaxing invariant mass = |25 GeV
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