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A unigue window to new physics
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L ight scalars in exotic Higgs
decays

e SM+S

1 1 1
V(H,S)=—p?|H|* + \H|* - 5,@52 + ZASS4+§/<;SQ\H\2

e (Gives two neutral CP-even scalars
h = the SM Higgs
s: a light scalar (ms < mp/2)

* sinherits couplings of Hto fermions



An Interesting decay topology

h— 2s = 4f

4f = 4b, 2b2T, 4T, 2b2U, 212U ...



Why h = 2s = 2b2u 7

Trade-off
- Small BR compared to 4b, 2b2t, 417 (SM+S)

+ Large production: can use ggk & VBF Higgs
productions and trigger on muons

Can BR be even larger in more general models?



Two-Higgs-doublet moael
(ZHDM)

MSSM-like lepton-specific  flipped
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Viable in the "decoupling limit”, where one Higgs
s SM-like

see e.qg. recent reviews by Craig et al, Branco et al



SM+S = 2HDM+S

e Syields light CP-odd Higgs (a) & CP-even
9gs ()

e S has a small mixing with H72 = singlet-like a/s

* a/s inherits a mixture of 2HDM couplings to
fermions (inherit four Yukawa types)

1312.4992 PRD:
see also Chen et al, 1312.3949
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A rich set of exotic decays

NMSSM-like 2HDM+S

Lepton-specific 2ZHDM+S

Br(h — 2a)

(four times of that of SM+3S)
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Reach Estimate



Signal and backgrounds

e Signal: CP-odd scalar, a(mas = 15 - 60 GeV)
h — 2a — 2b2u(w/ ggF Higgs production)

 Backgrounds:

Drell-Yan, tt-bar,=v=4

e Signal & backgrounds are generated in SHERPA
for LHC at 8 TeV & 14 TeV.
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‘Conventional” analysis

Cluster jet w/ radius R = 0.4/0.5 for ATLAS/CMS
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Br (h—aa—bbu* ")
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Better analysis for light scalars

Solution 1: analysis with smaller jet radius
Clustering jets w/ a smaller radius R = 0.2

Solution 2: jet substructure discussion with J. Hobbs
(tried many methods)

Two sub-jets should be symmetric
= mass drop tagger (MDT)

Butterworth, 0809.2530
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Small jet radius & jet substructure

Br (h—aa—bbu"u )
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95% CL sensitivity to Br(h— 2a)

Yukawa dependent
Br(h! 2a)=Br( h! 2a! 22u)/ (2Br(a! 2bBr(a! 2u))

10* ¢ 10 ¢
1= =
- - i 1= 2'3:15%6;7 &9 E
L \/ i r ]
ﬁ - .56 0$1 72 $34\ _ % : :
» i i : v /\ :
** 07 = . 56 0$1/722/$34\ | - 2l S 0T A -
aa) E —— /\ E Mm 10| n _ ~— /\ B
10" - -'. 56 0$1 7222 B4 | F "H$! %% &'()" * 2'3:15%6 ;777 &9
§ "#$! %%% &'0 * § E #I-)**) I -$$ ]
i I+, B# & | i /0 %1
10—! AU N S R S S H U N BN N 10!! b
10 20 30 40 50 60 10 20 30 40 50 60
Iy 1Ge V" Iy 1GeV”

Lepton-specitic 2HDM+S NMSSM-like 2HDM+S
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Sensitivity to Br(h— 2a) from other modes

1. Lepton-specitic 2HDM+S
2b2u Is better than 4b & comparable to 212U

(no reliable study on 2b27) 1312.4992 PRD

2. SM+S, NMSSM-like 2HDM+S
4b seems better than 2b2u by a tactor of a few

Kaplan & McEvoy,
1102.0704;

2b2u is generally less reliant on low-pt b/T-  cacetal
reconstruction 1309.4939

Important to probe multiple channels
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summary

Exotic Higgs decays have unigue sensitivity to
ight scalars.

h— 2s(a) = 2b2u can arise naturally in scenarios
ike 2HDM+S.

8 TeV LHC can probe BR < 1 for some 2HDM+S.
HL-LHC can probe BR at 0.01 ~ 0.1 level.

Sensitivity to h— 2a can be competitive or better
than other decay modes (depending on models).
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