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Discovery of a Higgs-like Boson at the LHC
Two cleanest channels v, 4¢:
reconstruction masses at 125 GeV
Dilepton also consistent with ZZ* — 4¢ at 125 GeV
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o if it is spin-zero, production from gluon fusion



Discovery of a Higgs-like Boson at the LHC
Two cleanest channels v, 4¢:
reconstruction masses at 125 GeV
Dilepton also consistent with ZZ* — 4¢ at 125 GeV
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The SM Higgs? Likely

Signal strength of individual top-related production (gluon fusion + ttH)
channels (SM: p=1) vs W/Z-related production (VBF, VH) in
H->yy
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The SM Higgs? Likely
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How to interprete the 125 GeV resonance

Standard Model Higgs boson?

o Composite Higgs?

000000 O

Higgs boson in MSSM

o the light Higgs boson h at 125 GeV? (push the limit)
o the heavy Higgs boson H at 125 GeV? while h evades all
direct searches (or h around 98 GeV?)
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LEP exclueds a SM-like Higgs to 114.4 GeV
(in both SM and MSSM)

Higgs Mass Lower Bound
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To evade the LEP bound: reducing g2z

A simple realization: to make h Hy-like and take a small v,

h \ ([ —sina cosa Re H,
H ) \ cosa sina Re H,
tan2a Mi + m2Z
tan 23 Mf‘ Z

In the limit of small v, (large tan 3, sin 8 — 1)
Taking M4 — 0, sinae — —1

B%%,a—)—%,gzzflwsin(ﬁ—a)—)()



A. Djouadi / Physics Reports 459 (2008) 1-241
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Qualitatively, smaller M, — smaller gz,




Lower bound of M, from LEP bound on charged Higgs

Br(H—=tv)

LEP 189-209 GeV

60 65 70 75 80 85 90 95
charged Higgs mass (GeV/cz)

non-decoupling limit (M4 — mz) may survive the LEP direct
search bound (via Zh) and charged Higgs search



At tree level, M4 — mz, My, — Mpg: nondecoupling
With radiative corrections:
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Large tan 8 and sina — —1 lead to M}, ~ My, Mg ~ My,
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Consequences of Non-decoupling

Non-decoupling scenario may evade all constraints from direct
search experiments but ....

o H* are around (M?%. = M% +m3, at tree level)
Is the scenario flavor safe?

o Light Higgs bosons can enhance spin-independent
neutralino-nuclei scattering
If DM consists of only neutralino, how about bounds from

direct detection?



Tree level H*: B, — 7v in 2HDM and SUSY
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o tan B ~10: ¢; and ¢ below 1%
MSSM corrections to d-type quarks and lepton mass
matrix have been neglected

@ nondecoupling: Mg+ ~ 130 GeV 7
MSSM prediction: 20% — 30% smaller than the SM value



Tree level H*: B, — 7v in 2HDM and SUSY
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@ nondecoupling: Mg+ ~ 130 GeV: tanp ~ 10

MSSM prediction: 20% — 30% smaller than the SM,

consistent with the new Belle data

SM prediction: (0.95 4 0.27) x 1074

world average before 2012: (1.65 + 0.34) x 10~*
Belle: 0.727032 x 1074 (new)

Qo




B — X,v in general 2HDM

o light H* enhances B — Xy
o type-Il 2HDM: M+ > 300 GeV

@ nondecoupling: Mg+ ~ 130 GeV
non-trival SUSY setup to cancel H* contribution

o 5



B — X,y in MSSM
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Light stop helps to cancel the H* contribution [Top right figure]




B — X,y in MSSM

Helicity must be flipped in involved quark states
Breaking U(3)g x U(3)4 chiral and electroweak symmetries

Q

my, insertion
wino-stop contribution suppressed by Super-GIM if
degenerate squark masses.

0 vy insertion (not important due to large tan j3)
o v, insertion (effectively 10 - 5¢ - H-like coupling)
o chargino penguins from v,, insertion destructively interfere

©

with the SM and charged Higgs if nA; <0
light stop helps the cancellation as %

gluino penguins important: enhanced by y tan 3, Mz/my,
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By — ptp~ in MSSM

SM: (3.2740.23)x10~? due to small muon mass m, /m%_
LHCb: 3.2%15 x 107 (Nov. 12, 2012)
MSSM: leading Higgs penguin diagrams o tan® 3

if tan ~10, all 1-loop diagrams have to be considered:
e.g., charged Higgs diagrams o tan* 3

nondecoupling — light M4

B, — uTpu~ is even more sensitive as the neutral Higgs
bosons are all light: tan® /M7



General Constraints

MH 1125+ 2 GeV

=0l ol :1~2
LEPII+Tevatron+LHC Higgs search bounds
BR(B — Xsv) <5.5x 1074
Experimental: (3.43 +0.22) x 104
SM NNLO: (3.15+£0.23) x 1074
FeynHiggs SM NLO predicton: (3.8) x 10~*
0 BR(Bs — ptpu™) <6 x 107
Experimental upper limit: 4.2 x 10~°
SM prediction (3.27 £ 0.23) x 107
SUSYFlavor SM predicton 4.8 x 10~ (Hadronic
parameters ?)

o SUSYFlavor2.01, FeynHiggs2.9.2, HiggsBound3.8.0
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Input

MQ~1,2 = MﬁLQ = Md~1,273 = Mi1,2,3 = Mély2’3 =1TeV R

M; =200 GeV, My = 400 GeV, M3 = 1200 GeV .

Mg, = My =200 GeV, 300 GeV ,500 GeV and 1TeV.

My : 95~ 150 GeV
tang : 1~30
i 200 GeV ~ 3 TeV
Ay =As=A4, : —3~3TeV

Light stau enhances the diphoton but irrelevant to b — s
transition
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@ no survivors when assuming 200GeV and 300GeV stop,
reduced gg — H (cancels top-quark loop)
o red: My :125+2 GeV, R, : 1 — 2, and combined direct

search bounds
0 blue: B — X,
o black: By — u™p~

Typical survival points are M4 ~ 140 ~ 150 GeV, tan 3 ~ 10



t — bH™ at the LHC
Assuming BR(H™ — 7Fv;) = 100%
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Way below the ATLAS bounds



H is most H, and v, > vy which dominates v
o Httiscloseto 1: gg — H similar to SM rate
o HWW is similar to SM: I'(H — ~y) similar to SM values
(W-loop dominates)
o I'(H - WW* = 20v)and I'(H — ZZ* — 4¢) similar to
SM values

Decay BRs may be similar to SM.
Light stau can enhance the diphoton partial width.
Reduced Hbb can also enhance the R,
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For —7/2 < a < 0 when H mainly decays to bb
Enhanced R, -:

B oy (HA)
T 14+ Ap(1—e)
with e = 1 + tan «/ tan 8
o R.; ~ 2 consistent with ATLAS but CMS has excluded SM
rate by 1 sigma

@ may exist completely new decay mode H — hh (BR~ 50%,
My, < My /2): ggpn = 2sin 2asin(f8 + «) — cos 2a.cos(8 + )

2 T T T T

1E AHhh o

50 100 150 200 300 500
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o small my is preferred to reduce R.,



DM

Stop may significantly enhance the scattering xsection
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Irrelevant if neutralino dark matter is not the only DM

component



Conclusions

o Flavor physics constraints on non-decoupling MSSM

o A small corner of parameter space with light stop, negative
Az and large p can survive all the flavor physics bounds
and consistent with all direct search experiments while
getting My ~ 125 GeV with R, : 1 — 2

o Significant enhancement in R, is possible

@ R, < 1can be achieved if H — hh decay opens up

o If DM only consists of neutralino, direct detection
experiments may put stringent bounds on the models

Thank you!



Note Added

1211.1955 [hep-ph]
(BechtleHeinemeyerStalStefaniakWeigleinZeune; last Friday)
agrees with our results generally but didn’t point out

o H — hh possibility
o Dark Matter direct detection experiments constraint



