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Standard Model/ Theory

® SM is a gauge theory

® BEH particle Quarks
responsible to
spontaneously
electroweak

symmetry breaking
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Outline

® |s that all? Perhaps not.
Exotic Higgs decay might be important.

® Dark U(1) Sector

- Local Dark U(1)
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Original Higgs U(1) Model As Dark Sector

Chia-Feng Chang, Ernest Ma and TCY, [arX1v:1308.6071]

® The Model
1 /

1 -
Lomge = =3 Wow - W" = 7B, B" - —C O — ZBWOW

Kinetic Mixing

£scalar — ‘D (I)’2 -+ ‘DMXP scalar(q) X)

2 5k 5k k
Vicalar = —H3®T® + Ag (27®)7 — 12x" x + A (X"X)” + Aoy (27®) (X" x) -

1 0 1
B(x) = 5 ( . W)) - xl@) = 5 (vn + ho(2)

® SM Higgs and Dark Higgs Mixing

hq COsS (v Sin « h . Qm%Q
= . , Sin 20x = :
hs — sin v cos hp m3 — ms3

Heavier state identifies as SM 126 GeV Higgs
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Rich Higgs Phenomenology

i h1 — YpYD
* Higgs mixings implies .

— hoh
non-standard Higgs decay 1 2102

hi — hghg — hoYyDYD
hl — hghghg

* hy decays predominantly into two dark photons  hy — vpvyp

* Dark photon may decay to light SM leptons
through mixings (kinetic mixing with vp — I (l=e,pn)
photon or Stueckelberg mass terms)

* This model predicts: non-standard modes ot Higgs decay
could be 4, 8, or even 12 leptons in the final states!

* Similar signals (with MET) can occur in hidden valley
scenarios, SUSY, Weinberg’s Higgs Portal model etc.
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Higgs Decay Width

® SM Higgs total width contains two pieces

_ 2 T NS
'y, =cos”al’, + 177,

 Non-standard contributions from dark Higgs U(1) sector

TNV = sin? al'(h1 — ypyp) +T(h1 — hohe) +T(h1 — hoypyp) +T(hy — hohghg) 4 - -

* The SM Higgs width 1s 4.03 MeV (Theory) while LHC constrains
non-standard Higgs width to be less than 3.3 MeV (See talk by PR

Parameter Space: O, gp, M2, MyD
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Contour Plots for non-standard branching ratio

for standard model Higgs ((sin*a=0.0009;Br=0.1)

Chia-Feng Chang, Ernest Ma and TCY, [arX1v:1308.6071]
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Contour Plots for non-standard branching ratio

for standard model Higgs (sin“at=0.0009;Br=0.2)
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Multilepton Jets at the LHC

® Four processes which may lead to signals N—— ~
of multilepton jets at the LHC # (I) pp = h — —
+—7+7— _
® (1) and (II) are SM processes (II) pp = VV = 717171 (VV = ZZ, vy, Zv)
Fr—7— _
® (III) and (IV) are dark processes (L) pp —= hy = XX = 17770 (XX = 22, ypyp, hahs)
1A% — h1 — hoho — — It
® (III) with X=Z7 1s SM process with é ) pp = I = haha = ypyDYDYD )
modified hi coupling
g
g
4
hy
"=
g g

Figure 6. Some topologies of 4 (left) and 2 (right) lepton-jets for process III. The 4 lepton-jets
can also be coming from the SM of process I with h; replaced by the SM h. The immediate state
of hohg for the 2 lepton-jets is not shown since the branching ratio for he — {71~ is very tiny.

Figure 7. Some topologies of 4 (left) and 2 (right) lepton-jets for process IV.
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Benchmark Points

Benchmark Point Jp M, mo Brp, parkStuft  BThy—sapyp  Bry,iti-
A 0.005 1.5 4 ~ 16% 99% 50%
B 0.009 1.8 10 ~ 20% 100% 50%
C 0.005 1.5 40 ~ 15% 99% 50%
D 0.005 1.8 40 ~ 11% 99% 50%

Table 1. Several benchmark points of the dark portal used to calculate the signals of multilepton

jets (e = 10~ and sin® o = 10™3). Mass in GeV.
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Number of Events vs. My
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Kinematical Cuts

Gopalakrishna, Jung and Wells, 0801.3456;
Falkowski, Ruderman, Volansky and Zupan, 1007.3496;
ATILAS collab. 1302.4403.

2 lepton-jets cuts : AR? . > 0.7,

7172

AR;; < 0.2,
(A

4 )
Basic cuts: (4 leptons case) pp > 20,10,10,10 GeV, | < 2.3;
(8 leptons case) pr, > 20, 10,10,10,0,0,0,0 GeV, Imi| < 2.3,
\_
4 )
4 lepton-jets cuts : ARi_jj > 0.7, ARZ,ZJ, < 0.2, Minvariant = Mp, =10 GeV;

MInvariant — Mh1 + 10 GeV.

L

\
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Cross Sections (tb)at Benchmark Points

® 2 and 4 lepton-jets cuts have great impact on
SM processes, in particular for process (I)
where oo — h1 — ZZ — 4 leptons compared
with pr%)%:ess (Ill) where qq %pZZ — 4 lfptons ((I) pp —h—ZZ — TN b
®  Process III where h1 — yp Yp — 4 leptons (IT) pp = VV = 171711~ (VV = ZZ, vy, Zv)
favors by 2 lepton-cuts
®  Iepton-jets cuts have non-trivial effects on () pp = by = XX = PP (XX = 22, 9pyp, haho)
process IV where hi = ha ho = ¥p yp Yp YD (IV) pp = h1 = haha = ypypyDYD — [T ITIT I 14~
— 8 leptons; in general it has smaller cross \_ )
\ section than process I11 )
Cuts Benchmark Point I I1 I11 IV
Basic A 0.118 70.7 95.3 23.2
B 0.118 70.7 204 45.8
C 0.118 70.7 96.7 19.2
D 0.118 70.7 68.3 13.1
Basic + 4 Lepton-Jets A 9.63x1073 0.337 9.86x1073 <10~ 10
B 9.63x1072 0.337 9.80x1073 <10~
C 9.63x1073 0.337 9.93x1073 3.05
D 9.63x1072 0.337 9.84x1073 0.92
Basic + 2 Lepton-Jets A < 10710 0.08 953 ) 1.75
B <1071 0.08 201 <10~
C <10~ 0.08 95.8 <10~ 1
D <101 0.08 . 68.2 <1010

Table 2. Cross sections (in unit of fb) at the LHC-14 for the background processes (I and II) and
dark sector processes (IIT and IV) with the basic, 4 and 2 lepton-jets cuts at the 4 benchmark points.
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Summary

® Fxotic Higgs decay modes are important

since 1t may lead to discovery of a hidden

sector like a dark U(1)

® Multilepton modes should be studied in more

details, in particular multi-muon jets (or even
multi-pion jets)

Challenging but very interesting signals with
small SM background!
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