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Abstract: We present strategies of searching for supersymmetric non-standard decays of Standard Model (SM)-like Higgs bosons (h2) at th
Hadron Collider (LHC), motivated by "Dark Light Higgs" (DLH) scenario. The DLH sccenario represents a limit of tl
nearly-Peccei-Quinn-symmetric Next-to-Minimal Supersymmetric Standard Model, where there naturally co-exist two light singlet-like particl
scalar (h1), a pseudoscalar (al), and a light singlino-like DM candidate (\chi_1), all with masses of order 10 GeV or below. In this scenar
SM-like Higgs boson typically decays dominantly into a pair of neutralinos, allowing themselves to be as light as below 100 GeV.
systematically study the searches of both the SM-like and the light Higgs bosons at the LHC, using the supersymmetric non-standard decay
h2 ->\chi_1 \chi_2, \chi_2 ->\chi_1 (h1, al) with the h1 or al further decayed into a pair of fermions (including diMuon, diTau and b bbar, etc
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Outline

~ Motivation

-~ Dark Light Higgs (DLH) Model
~ Model Independent DLH Search

-Di-Muon channel
-B-bbar channel
-Di-Tau channel

~ Conclusion
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Dark Light Higgs Scenario

Draper, Liu, Wagner, Wang, Zhang, PRL. 106 121805 (2011)
| .
W = ANH,.H4 + qHN".
Viost = myy, | Hal® + m3% | H.|* + my | N|®
. aY
— (AANH HsN + h.c.) + (7;1,,.;\- 34 h..(:.)

kN3 explicitly breaks Peccei-Quinn symmetry

Dark light higgs scenario:

nearly PQ limit of NMSSM

(k/A—0, A, — O, moderate or small A)

*Three CP-even higgs (h,;.h,,h3). tTwo CP-odd higgs (a,.a,)
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Masses of the Higgses

2 g . 2z
h2 is SM-like: 4y ~ b, + hgcot 3 vmz

f-'n.
?n’f-zﬂ-p,z, = Al‘l’
mz \ptan S

h1 is the lightest CP-even scalar, Singlet Like:

: 422p2 kA 4r?u? A2p2 /22 tans 3
- SR ” 2 , .
M, = —ASTT A+ tan? 3 LD SR AT, 273 log m% (Loop correction)
A light CP-odd Higgs a,, Singlef Like: 77131 s C GrAp
’ . . . & %2 2wp
A lightest neutralino x; Singlino Like:  mx, =~ = —sin2f+ =

dark matter particle
Comparison: in the R-symmetry limit, h; and x; are
typically not so light and h; is SM-like

B. A. Dobrescu et al., PRD 63, 075003 (2001):
R. Dermisek et al., PRL 95, 041801 (2005).

Pirsa: 11120049 Page 6/49



Dark Light Higgs Scenario

Draper, Liu, Wagner, Wang, Zhang, PRL. 106 121805 (2011)
l .
W = ANH.Hq4 + thN'S.
Viost = myy, | Hal® + m5 | H.|* + my | N|°
, _ I
— AANH HN + h.c.) + (AN + h.c.)

kN3 explicitly breaks Peccei-Quinn symmetry

Dark light higgs scenario:

nearly PQ limit of NMSSM

(k/A—>0, A, — O, moderate or small A)

*Three CP-even higgs (h,;.h,,h;). tfwo CP-odd higgs (a,.a,)
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Masses of the Higgses

3 & : 2evm
h2 is SM-like: ts ~ h, + hgcot 3 vmz

f-'n.
?n%+y2, = Al‘l’
mz \ ptan

h1 is the lightest CP-even scalar, Singlet Like:

; 422v2% kA Ax?u? A2 2 12 tan® 3
- SR I ~ . / :
M, = —AsTT A+ tan? 3 LD YD AT, 273 g m% (Loop correction)
A light CP-odd Higgs a,, SEngle'f Like: 77121 s C GrAcp
’ . . : & A2t 2K
A lightest neutralino x; Singlino Like:  mx =~ = —sin2f+ =

dark matter particle
Comparison: in the R-symmetry limit, h; and x; are
typically not so light and h; is SM-like

B. A. Dobrescu et al., PRD 63, 075003 (2001):
R. Dermisek et al., PRL 95, 041801 (2005).
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Parameter Scan

100.
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C.D ] 1 DLH Senario:
~— S5t 1 Blue, Red Points

o 2- have mass range
é‘ ’ I 1 (0(0.1)-0(10))GeV
—-0.2 —0.1 0.0 0.1 02

&

Vacuum stability sets a small upper bound on ¢

No points near £->0 because of the vacuum stability requirement
5 < tan 8 < 50, 0.05 < A < 0.5, 0.0005 < x < 0.05, 0.8 <’ <0.8 —40GeV < A, <0, 0.1TeV < pu < 1TeV

A <030, &/A< 005, £ < 400GeV A<0.15, £/ A< 0.03, u < 250GeV
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Parameter Scan (cont.)

Light pseudoscalar and neutralino masses
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Constraints from h2->hlhl ,alal

» LEP searches:

(1) (h,—a;a;) a;—2b (S. Schael et al.

ALEPH, DELPHT, L3 _and OPAL g
Collaborations], Eur. Phys. J. C e T g,
4782006); S. Schael et al. [ALEPH N gt BT e
Collaboration], JHEP 1005 (2010)); IROUTIGg AT TS,

(2) Z-associated Higgs roduction, with Z i ol
leptonically decayed (5. Schael et al. e M

EALEPH Collaboration], JHEP 1005 ' e

2010); G. Abbiendi et al. [The OPAL

Collaboration], Eur. Phys. J. C 27, < o,
hy, a
ho .

(2003)). ZJ> , u
o o __<:\ .,
» Tevatron searches: ‘ hiais v

h,—a;a;,h;h;—>4u, 2u 2t (V. M. Abazov
et al. [})6 Col}abor'a‘rion], Phys. Rev. Lett.
103 (2009))
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h2->hlhl, alal modes

DLH scenario has h2->h1l hl and h2->al al decay channels as well,

but highly suppressed Exp. Constraints can be easily satisfied.

AUV z £

| ¥hahiky| = |Yhaaras| = e P

>4
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h, decay modes
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h, —>%; x2 is typically
dominant as lonﬁ as
it is kinematically
allowed, and it is
corresponding to the
GREEN points.

h, —-bb mode can be
dominant sometimes,
but NOT generic.
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h, decay modes
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Dark Light higgs search

On-shell resonance

Signal: Collimated Fermion pairs + MET
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Benchmark points

» Assumption:

Br(h,—%1 %x2)=100%, Br(x>—>x1h;) = 100%, Br(h;—ff) = 100%
» Parameters:

-my> = 115GeV (956eV~1356GeV)

-m,z = 80GeV
m,, = 10GeV
-myp; = 16eV(up)

6GeV (t1)

15GeV(bb)
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SM Higgs Production

e G g Gr W/ Z © '
3}-- t :E- H >,V\/ .Z'-- H
¢ o o o . H 8 f
(i) g M ik VBE wiVH st Gluon
— | | ‘ e = Fusion
= LT Ns= 7 TeV
Mt it W/Z
Y . Fusion
R - Wh,
\ . Zh,
, | . ttbar h,

100 200 300 400 500 ' 9 ?oo
M, [GeV

18.35

1.393

0.7546
0.4107
0.1106

59.37

4771

1.952
1,130
0.7699

Handbook of LHC Higgs, CERN-2011-002
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Di-Muon Channel @ 7TeV

» Fairly Straight-forward:

Two close muons + MET + narrow invariant dimuon
mass peak around m,,;

» Zh, with Z—ll, hy—pupu
Almost no irreducible background
» Wh, with W—lv, hy—un
Also very easy to be discovered and the dominant
background is from W+(y —pupu)
» Event Generation
MG5/ME4 + pythia + PGS
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Di-Muon Channel @ 7TeV

» Fairly Straight-forward:

Two close muons + MET + narrow invariant dimuon
mass peak around m;

» Zh, with Z—ll, hy—pun
Almost no irreducible background
» Wh, with W—lv, hiy—un
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histDeltaR
Entries 10000

(W—ev)h,, hy—>puu | Mean 0.09012
RMS 0.07253

|IIIIIIIIIII|IIIIIIII
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MET + m(up)

The two most effective variables that can reduce

the SM background are MET and m(up)
(W—=lv)h;, hi—>pp

lllllll
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Cut-Flow-Table

Reco (I); In |£ 2.4; PTu=10GeV; MET =40GeV 0.9GeV = m(up) < 1.1GeV
PT,5=220GeV,; AR(un) < 0.2;

PT,., () <5GeV
(W—)IV)hz, hl—)u}l
Basic Cuts 27.926% 1.2328%
MET 18.3396% 0.1764%
M () 18.1546% 0.0365%

Note: Some preselection cuts have been applied
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Cut-Flow-Table

Reco (I); In |£ 2.4; PTu=10GeV; MET =40GeV 0.9GeV < m(upn) < 1.1GeV
PT,5=220GeV,; AR(un) < 0.2;

PT,., (1) <5GeV
(W—)IV)hz, hl—)u}l
Basic Cuts 27.926% 1.2328%
MET 18.3396% 0.1764%
M () 18.1546% 0.0365%

Note: Some preselection cuts have been applied
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Discovery Potential
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C.¢¢ includes Br'anchlng ratio, K factors, etfc
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Dark Photon Search

CMS \'s=7 TeV [Ldt=35 pb

_8- I I 1 I N B R | | 1 T 1 T l T 717 [T 1 I 1 I l 1 I l
n 1 2 | 95% CL Upper Limit _—
= I arXiv:1106 .23
P B di- + X (dimuon with p >80 GeV/c, |)|<0.9) r‘x 6 75
e I
5 1 I~ L L Ly di'u - di-l.l. + X (trigger dimuon: pT=‘20 GeVic, |I||<0.9: =
b~ 1
o - non-trigger dimuon: p >10 GeVic, n|<2.4) —
é - — — i Quad-u + X (quadmuon with |n|<0.9) -

! ;
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Check gg—h,; h;—ppu

=1000

800

600

400

200

1

Il
100 120 140 0 | TN TR T W T (T T VHIT WY T (O TN TN T T (0 S 0 ST A | !
PT(u". 1) (GeV) -5 = -3 -2 -1 0 1 2 3 a 5

PT (p.p) > 80GeV In(uu)' < 0.9
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