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RWTH outline

e b quark Yukawa coupling : SM vs. MSSM

e organizing the calculation: 4FNS and 5FNS
e scale uncertainties

e SUSY-QCD corrections

e clectroweak MSSM corrections
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IRWTH Higgs Production

SM production modes:

e gluon fusion (via closed top loop)
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RWTH Bottom Yukawa Coupling

eSM: MM ="0 -

v 25y My
e MSSM:
® two Higgs doublets H,,, H; with VEVs v,,, v,
® Higgs mixing: h° = ¢, H) — s, HY

2

® v =02 4v3; tan [ = v, /vy
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RWTH Bottom Yukawa Coupling

eSM: MM ="0 -

v 25y My
e MSSM:
® two Higgs doublets H,,, H; with VEVs v,,, v,
® Higgs mixing: h° = ¢, H) — s, HY

002:1)34—1}3; tanﬁ:vu/vd
— )\20 — % — _%i_a — _)\gMi_a
d 16} G
= Important for large tan J
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RWTH Bottom Yukawa Coupling

eSM: MM ="0 -

v 25y My
e MSSM:
® two Higgs doublets H,,, H; with VEVs v,,, v,
® Higgs mixing: h° = ¢, H) — s, HY

® v =02 4v3; tan [ = v, /vy
s )\go _ —ssdmb _ _mTi_B — EMi_g
but: s,/cs ~ O(1) for large M4
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RWTH Bottom Yukawa Coupling

eSM: MM ="0 -

v 25y My
e MSSM:
® two Higgs doublets H,,, H; with VEVs v,,, v,
® Higgs mixing: h° = ¢, H) — s, HY
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The mixing angle « for the CP even Higgs bosons:

tan 8 = 10 (SPS1a)

tan 3 = 30 (SPS1b)
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basic process at gluon collider:
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basic process at gluon collider:

gluon splitting: large logs from collinear b quarks
=- expansion in log “—Fb g

m
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RWTH Basic Process

basic process at gluon collider:

gluon splitting: large logs from collinear b quarks
=- expansion in log % g
possible resummation:
introduce PDF for b quarks in the proton
massless approximation my — 0 (log PE —1/e)

collinear 1 /¢ poles absorbed in PDF
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IRWTH 4FNS and 5FNS

4 flavors in proton & 5 flavors in proton
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IRWTH 4FNS and 5FNS

4 Flavor N 5 Flavor
Number Scheme Number Scheme
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IRWTH 4FNS and 5FNS

4FNS: exclusive bbH final state

(Dittmaier, Kramer, and Spira
known to NLO Phys.Rev. D70 (2004) 074010

Dawson, Jackson, Reina, and Wackeroth
Phys. Rev. Lett. 94 (2005) 031802)

S5FNS: resummed logs

(Harlander and Kilgore
known to NNLO 5y crev. Dss (2003) 013001)
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4FNS: exclusive bbH final state
(Dittmaier, Kramer, and Spira
known to NLO Phys.Rev. D70 (2004) 074010
Dawson, Jackson, Reina, and Wackeroth
Phys. Rev. Lett. 94 (2005) 031802)
SFNS: resummed logs
(Harlander and Kilgore
known to NNLO 5y crev. Dss (2003) 013001)
at NLO: h
P
b H
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SFNS: resummed logs

(Harlander and Kilgore
known to NNLO 5y crev. Dss (2003) 013001)

at NLO: h
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IRWTH 4FNS and 5FNS

I T T T T I T T T T I T T T T I T T T T I T

o(pp — bbh + X) [fb] |

\s = 14 TeV
W= (C2m, + M,)/4

102 F i

ZZZ bb—h (NNLO)
10 b 0 gg—>bbh(NLO)
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M, [GeV]
Campbell et al., hep-ph/0405302
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IRWTH Scale Dependence

® fact. scale ;. dependence of PDFs

® ren. scale .z dependence of running m,; and a;
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IRWTH Scale Dependence

® fact. scale ;. dependence of PDFs

® ren. scale 1.z dependence of running m,; and a

|, Op (bb)H+X) [pb] R (bb)H+X) [pb]
: LHC | L LHC
Lr M,=120 GeV - IF M=120GeV " _----"777""" 777
0.8~ "==--__ . ] : '
e
0.6 e R
T -;
 ----NLO ] b
02F ——NNLO . 0.2 —NNLO
- W =Mp/4 | [ He=M
O -1 | L 0 1 M | L
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He/My He/My
Harlander and Kilgore, Phys.Rev. D68 (2003) 013001
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IRWTH Uncertainties

® ~10% from scale dependence
® ~10% from PDFs
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IRWTH Uncertainties

® ~10% from scale dependence
® ~10% from PDFs

What about weak corrections?

weak SM corrections: ~4% (in a(mz) scheme)
scheme dependence: ~1% (between a(mz) and a(0) scheme)
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IRWTH Uncertainties

® ~10% from scale dependence
® ~10% from PDFs

What about weak corrections?

weak SM corrections: ~4% (in a(mz) scheme)
scheme dependence: ~1% (between a(mz) and a(0) scheme)

photon contribution: <1% (coll. sing. absorbed in photon PDF
— MRST QED PDF)
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RWTH susy-acD

effective bbH, coupling:
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RWTH susy-acD

effective bbH, coupling:

u u
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|
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br - b =
b l/ \\ b [ \— S
g b b
effective field theory:
[[] [[]
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RWTH susy-acD

effective bbH, coupling:

hy — vy

i i hoy — Uy 67,
b b = Coyd
L TOR = | < Ty
b J Y b — > g
IR b b
effective field theory: myp — m(1 + Ay)
[ ] [ ]
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RWTH susy-acD

effective bbH, coupling:

hy — vy

: i hoy — Uy 67,
by --*~<_b | SN b
Y = | < T
b I/ v b > ¢ > —

effective field theory: myp — m(1 + Ay)

effective vertex correction:

b 5
O KO SM 1
~ ~ e . SOé L C_Oé
g //:)‘ :> )\b )\b 1‘|‘Ab (Cﬁ AbSB)
b;
b
] ]
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effective theory vs. full one loop result:
(SPS1b, tan 8 = 30)
1000 P2

effective Theory ———
NLO-SUSY-QCD —
NLO-QCD ——

100 |

10 |
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RWTH EW MSSM corrections

usually:

® |[arge chargino-stop loop contributions treated like
gluino-sbottom loops
® radiatively corrected mixing angles

full one-loop calculation:

® using FeynArts and FormCalc
® diagrammatic calculation completed (DCPR scheme)
® starting phenomenology
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RWTH EW MSSM corrections

SPS1a with varying tan 3:

(including chargino-stop loops, Higgs mixing)

0.4

-0.2 r

0.4 |

s 10 15 2 25 30 35 4
tan 9 (preliminary)
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RWTH Summary and Outlook

Higgs production from b quarks:
® important production channel for large tan
® under good theoretical control
® different schemes agree (4FNS < 5FNS)

® scale and pdf uncertainties ~ 10-20%

® calculating full 1-loop EW MSSM corrections

outlook:
® phenomenological analysis

® similar processes: slepton prod. in RPV SUSY
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