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SM Production Mechanisms at LHC
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Higgs in the MSSM

» MSSM has 2 Higgs doublets: Hg and H,
!
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» Physical CP-Even Higgs bosons

h®Y) (c, —s,\h’
Ho B s, c, hdo

»Pseudoscalar, A°, and two charged Higgs, H*
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Higgs coupling to b’s enhanced for large tan 3



Higgs + b Production
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Schemes represent different orderings of perturbation theory ‘

NLO QCD Corrections well known in both schemes



CMS: h—1t't
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ATLAS Limit;: h—t't

oL

E 106 77
60/@ e A e,
50

....................

w
o

=k N
|:| Tovatron (1.8-2.2 for"y
] LeP-2 i

Mo
o

P Y Y N N N N N P P =

s=7TeV, | L=36pb’ :ﬁﬁ (CLaud, P
10 T ATLAS Preliminary g S5

CJ+2a ]
7 ]
/4// N T

1 00 1 50 200 250 300
m, [GeV]




Higgs Couplings to Fermions

« Attree level, Hq couples to charge -1/3 quarks, and H, couples
to charge 2/3 quarks
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« Since up and down quark sectors are diagonalized
independently, Higgs interactions are flavor diagonal

 Trilinear couplings couple both Higgs to charge -1/3 and
charge 2/3 squarks

L=T"2,(AH, - &'H, Jt +b, 4, (A H, —ﬂ@S’R +hc.

Couples “wrong” Higgs



Effective Lagrangian Approach

» No tree level Hybb coupling in MSSM, but it arises at 1-
loop
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> At tree level, my Zkbvl/\/Z
» At one loop: my = Apvi(1+ Amy) A2

» Yukawa coupling shifted:
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Define Effective Yukawa Couplings
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Effective Lagrangian approach neglects
momentum dependence of 3-pt function



Calculate SUSY QCD Corrections to bg—bh

e Approach 1: “Improved Born Approximation”
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« Approach 2: O(as?) NLO calculation

— Use gnvb as above, so subtract off double counting
— Include all contributions from squark/gluino loops
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Many contributions
not included in IBA




Analytic Results

« New calculation includes:
— mptan 3 enhanced terms
— Analytic results for small and large b-squark mixing in large Msusy
limit
— Example: Large mixing, b-squarks almost degenerate, sin 20,~1
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Corrections to IBA:O(1/Msusy?)

— Ok term not rescaling of LO



Maximum Mixing Scenario, LHC 7
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Deviations from IBA only for light (~200 -400 GeV)
squarks and gluinos (excluded by LHC)
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PDF/Scale Uncertainties

7 TeV LHC, bg->bh, M, =119 GeV
tan =40, My, (=1 TeV, u=200 GeV
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— CTEQ6m PDF, SQCD+LO QCD
— - CTEQ6m, SQCD+NLO QCD

— MSTW2008 (nlo) PDF, SQCD+LO QCD
— -~ MSTW2008 (nlo) PDF, SQCD+NLO QCD
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Scale variation ~2%, PDF set variation ~ 5%
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Standard Model: EW Corrections to pp — b h

o(pp — bh) = 0-0(1+AQCD +Agy +ASQCD)

LHC (E,, =7 TeV)
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Conclusions

* For heavy squarks and gluinos, SQCD loop effects well
approximated by effective Lagrangian approach

— SQCD effects are large! But contained 1in Amy
* Scale/PDF uncertainties ~ 2-5%
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