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Non-SM-like Higgs

@ Non-SM-like Higgs without anything new
o Example: U(1)x hidden sector

@ Non-SM-like Higgs with new particles
o Example: MSSM, ...
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Non-SM-like Higgs

Non-SM-like Higgs without anything new

o Example: U(1)x hidden sector
@ Non-SM-like Higgs with new particles
o Example: MSSM, ...

@ Altered SM production and decay channels

e gg—h—bb,gg —h— WrW-

New particles decaying to Higgs
e hin SUSY cascade decays

Higgs decaying to new particles

e h — hidden sector
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U(1)x hidden sector via the Higgs

[SG, Seung Lee, James Wells, Ongoing]

SM x U(].)X
U(1)xsector : GaugeBoson(Xy.), Scalar(®y), Fermion(t))

SM < U(1)x communication
LD —« |¢SM|2|¢H‘2 +% XuDBMV
Here focus on Higgs Mixing route

V is such that
SU(2)L x U(1)y breaking : (¢psm) = v
U(1)x breaking : (pn) =¢

Causes ¢y < ¢sp mixing (masses: mp, my)

EARERINE)
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U(1)xfermion sector (Effective Theory)

Vector-like or chiral fermions.
After U(1)x breaking, with ¢4 real d.o.f :

LD Yit Dy + K pibtp + My
Accidental Z, symmetry : ¢ — —1) , SM — SM | ¢y — ¢
@ So 1) cosmologically stable = Dark Matter
@ 1 Vector-like or Chiral. Dirac or Majorana

Parameters :
Ml/i? K, Shy, Mp, My
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Self-annihilation and Dark Matter

@ Self-annihilation & Relic density

/ \X{\"i”
) — bb, WHW~=, ZZ | hh, tt
Obtain analytical thermally averaged c.s. and relic density

Cross-check with micrOMEGAs [Belanger, Boudjema, Phukov, Semenov]
Match to observations : Q¢ = 0.222 = 0.02 [ppG '0g]
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Self-annihilation and Dark Matter

@ Self-annihilation & Relic density

/\X{\"i”
Wb — bb, WHW—, ZZ , hh, tt

Obtain analytical thermally averaged c.s. and relic density
Cross-check with micrOMEGAs [Belanger, Boudjema, Phukov, Semenov]
Match to observations : Q¢ = 0.222 = 0.02 [ppG '0g]

@ Direct detection:
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Preferred regions

05t

7 M.[, 50 100 150 rl:.:‘ 250 300 350
My = 200GeV, my = 120GeV, k11 = 2.0,s, = 0.25, k3¢ = 1, my = 1TeV
Contours of Qymo = 0.1, 0.2, 0.3 (dotted, thick-dash, solid)
Shaded op;r > 107" cm? (dark-gray) > 107* cm? (med-gray) > 107 cm?
(light-gray)
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Higgs Invisible Decay

If mp>2My : h— Py Invisible Decay!
h— ), bb, WW , ZZ , tT

. SM channels suppressed
Scan with Qg , 0pirper enforced PP
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h — INV LHC Signature (qqh - WBF)

[O. J. P. Eboli and D. Zeppenfeld, 2000]

PQ’>40; |77j|<5'07 |77j1_77j2|>4'47 My~ Mja <0,
pr > 100 GeV , My > 1200 GeV , ¢; < 1.

For Sp = 0.25 , BR/NV =0.25:

’ my, (GeV) ‘ OsBR,'nv(fb) ‘ O'B(fb) ‘ Lso (fb_l) ‘

120 22.7 167 8
200 18 167 12.8
300 13.2 167 23.7
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h — INV LHC signature (Zh)

[H. Davoudiasl, T. Han and H. E. Logan, 2004]

pre>10, |nel < 2.5, pr > 100 GeV , [Mpg- — mz| < 10 GeV .

For Sp = 0.25 , BR/NV =0.25:

[ my (GeV) | 05BRim () | aa(f) [ L5, (b Y) |

120 2.1 26.3 146
200 0.8 26.3 1059
300 0.26 26.3 =
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2HDM and MSSM

o Altered htt and hbb couplings can change o(gg — h)

n2
oy M /T tan?f(—sy) oy~ mVEED
o Altered hWW and hZZ couplings

o C N 2V(tan[jcafsa)
hww ~ & V/1+tan23

@ How well can the LHC determine these couplings

o Given these error bars, are there regions of MSSM parameter
space can lead to larger deviations?

e BR(h — bb), BR(h — bb) also should be taken into account
o How well is (¢ * BR) (gg — h — XX) known?
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Other Scenarios

Additional scalar doublets
Adding singlets that mix with the Higgs doublet
Couple to Higgs triplet
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