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The Minimal Supersymmetric Standard Model:

a solution
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Particles and Sparticles share the same couplings fo the Higgs. Two superpartners

of the two gquarks {one for each chirality) couple strongly fo the Higgs with a
Yukawa coupling of order one (same as the top-quark Yukawa coupling)

Wirssy = aYuQHy — dYyQHy — eYeLHy + pHyHy



SUSY breaking and Soft Mass terms

e SUSY breaking and weak scale stabilization = only couplings of positive
mass dimension.

e Squark mass matrices:
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where X, = (Au — ta’;ﬁ) and X, = (Ag — putan @)



The Higgs sector in the MSSM

e Neutral components of the Higgs boson doublets acquire vevs v; and v, and their
ratio is tan 8 = v, /v,.

e Neglecting CP violation in the Higgs sector, electroweak breaking leaves a CP odd

Higgs A, a charged Higgs HT and two CP even Higgs bosons h, H

e T he tree-level couplings of these Higgs bosons to gauge bosons are:

1 (RVV)mssm sin(B — a)
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e Gauge coupling ~ 1 = SM-like Higgs while gauge coupling ~ 0 = CP odd Higgs.

e For large values of the CP odd Higgs mass M4 the SM-like Higgs has a mass
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where X; = 2a?(1 — a?/12), Msysy is the squark mass scale, a = X;/Mgsysy and
Xy = At — ,u/tanﬁ



Benchmark scenarios in the MSSM
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e Maximal mixing scenario = maximum value of the Higgs mass = X; ~ 2.4Mgysy

e Minimal mixing scenario = minimum value of the Higgs mass = X; ~ 0O



The Flavor Problem and Minimal Flavor
Violation in the MSSM

e No tree-level flavor changing neutral currents as: £ = Q;(Yy®ydr + Yo Puur) + h.c.,
but Loop suppression effects offset by large tan 3 effects.

e Including 1-loop effects both quarks couple to both the Higgses so that:

Lopr = BV q[®% + 2O (éo + eYYLYu)]dg + hee.
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e In quark mass basis:

Vi —
—Lrmass = \/—‘%dRYd[l +tan g3 <eo + V;geYyYu\zVO)]dL + hee.

Similarly there is e; and €}, for up-type quarks.



B physics experimental limits and the SM

predictions
Quantity SM prediction Exp. meas./limit
BR(b — sv) (2.98 4+ 0.26) x 104 (3.55+0.247)79 +0.03) x 10~*
AM, CKMfitter | 13.4 ps~! < (AM,)M <31.1ps~! at 20 | AM, = (17.77 £ 0.10(stat) + 0.07(syst)).
AM,; UTfit AM,=209+2.6 ps!at 95 % C.L.
BR(Bs — pTp~) | (3.8+£0.1) x 107° <1x1077at 95% C.L
Quantity SM prediction Exp. meas.
BR(B, — tv) | (0.85+0.13) x 10~* |V, fit BR(B, — 1v) = (1.797)5%(stat) T 28(syst)) x 10~* Belle

(1.394+£0.44) x 107% |V,,| ext.

BR(B, — tv) = (0.8810:58

—0.67

(stat) £0.11) x 104 Babar
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the MSSM with MFV
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AMs in the MSSM with MFV
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Bs — pTu~ in the MSSM with MFV
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Correlation between AMs and Bs — uT u—

M, /Tan(B )= 10 GeV—
M, /Tan(B )= 20 GeV-----
1 My /Tan(B )= 30 GeV----
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By — v in the MSSM with MFV
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Non-standard Higgs boson production and decay
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Tevatron limits and projections
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Signal significance
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ATLAS and CMS projections
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Updated ATLAS projections and Signal
Significance in the MSSM

| New DC1 analysis (NLO)
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Limits and constraints for maximal and minimal
mixing
Maximal mixing: X; = 2.4 TeV, u= —100 GeV.:

e The b — sy constraint = charged Higgs cancels against chargino-stop or negative

sign(puAy).

e [he B; — Mﬂr constraint is strong due to large A;.

e The B, — 7rv constraint dominated by SUSY contributions is strongly constrained by
the B, — pTp~ constraint.

Minimal mixing: Xy = 0, u large:

e X; ~ 0 = chargino-stop contribution is small, so b — sy constraint = charged Higgs

contribution ~ O by cancellation due to corrected charged Higgs vertex.
e The B, — putpu~ constraint is weak due to small A;.

e For the B, — 7v constraint, the region dominated by SUSY contributions is interesting

for the Tevatron.



Projection of constraints in the M, — tan 3 plane
for large Xy and small u

Mspysy = 2.4 TeV, |M3| = 0.8Mgsysy, p = —100GeV, X; = Ay — taﬁrgﬁ =1TeV
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Projection of constraints in the M4 — tan 3 plane
for Minimal Mixing

The SUSY parameters are same except Xy =0 pu= 1.5Mgysy and Mgysy = 2 TeV.
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Conclusions

e Within the MSSM the measurements of AM, at DO and CDF are consistent with
the bound on By, — puTpu ™.

e Non-standard Higgs searches are highly constrained for the Maximal Mixing scenario
as the B-physics favored regions are also those where non-standard Higgs searches are
less efficient.

e SM-like Higgs boson searches, in the Maximal mixing scenario, the LHC experiments
should be able to probe all of the allowed region of parameter space with 30 fb~ !, but
the Tevatron collider may have difficulties doing this with 4 fb~1 of data.

e The Minimal Mixing scenario looks more promising especially for non-standard Higgs

searches as the Tevatron is more sensitive at lower values of My4.

e Observation of a non-standard Higgs at the Tevatron would imply either moderate

values of X; for small p or small values of X; and large values of .



