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 The great job is accomplished by Denner,
hep-ph/0502063

* Theoretical uncertainty at threshold

Dittmaier, Roth, Wieders
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W-production angle distribution at /s = 500 GeV
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Significant distortion of shape w.r.t. DPA at ILC energies

— |mportant for TGC studies at ILC



a‘f' Higgs@ILC ﬁH

/H

My=120GeV
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Now, RC for important 3,4 body channels are available



Full 1-loop RC available
GRACE, PLB559(2003)252
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aW H->vyy

2409

e SM Higgs has intermediate mass: My = ll4fi§ (EWWG).
e B(H — ~~v) £ 0.3% in this Mg range.

e H~~ coupling sensitive to new charged heavy particles.

e At ILC, H — ~~ has clear signal.

e At photon collider, o(vy — H) x I'(H — ~7).

e At LHC, H — ~~ important discovery mode.

By B.Kniehl



e Automatize calculation: Method
— QGRAF Nogueira: generates diagrams

— qZ2e Seidensticker: converts output

— exp Seidensticker:  performs asymptotic expansion and
generates relevant subdiagrams according to hard-mass
procedure

— MATAD Steinhauser: calculates diagrams

e Dominant two-loop electroweak O(GrM}) correction to

Conclusion L'(H — ~v) for Mw < My < 2Mywy available as expansion

in 7w = (My/2Mw)? through O (7).
e Reduction by approx. —2.5% — —2%.
e Positive QCD correction slightly overcompensated.

e Net effect of known corrections —2% — —1%.
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MSSM Higgs Is
connected to
other sectors
through loops.
- Require
theoretical
understanding
In high
precision.

M,;, as a function of tan g, p < 0:

r/cMSSM Higgs Qsﬂ

125 T T T T T T T T
p = —1000 GeV, My = 120 GeV, my = 1000 GeV
120 +
115
-v-.lna,‘,\-i-""""" A ‘.:.;‘-‘,_,':' -
~ -l -‘k::."..
2 1M0b T
b) e .
“': ] %
g 105 %
100 1 6 (agas) with mPRMSSM .}
O (apas) : scheme: my DR~ ———— “‘\;\
95 - O(apas) : scheme: A, 6 OS %
O (apas)  scheme: Ay, DR oo %
L
90 I L 1 1 I I I \"‘ I
10 15 20 25 30 35 40 45 50

tanpg

by S.Heinemeyer
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4. Conclusinos

e The LC will provide high precision results for a light r/cMSSM Higgs

e MSSM Higgs masses and couplings is connected via radiative correc-
tions to all other sectors

e Evaluation of O (asas) corrections in the rIMSSM:

— new result for tang #+= ~x
— investigation of different renormalization schemes
— error estimate from scheme and scale dependence
— p > 0: corrections O (100 MeV) = under control
— p < 0: corrections O (2 — 3 GeV)
error estimate O (2 GeV) = not under control

e Evaluation of O (asa) corrections in the cMSSM:

— new renormalization for complex parameters
— b sector enters

— ¢4, dependence modified

— ¢ar, dependence O (1 GeV)



Ap IOSH

GigaZ-precision: sMy ~ £7MeV, dsin? 95?1: ~ +1.3 x 1072 < sensitive to
contributions §(Ap) ~ 10~4

f, ) f’“} t.b
Two-loop contributions * o . »
ﬂ.p({)(ﬂ}?h)) in MSSM “"‘xl_:Hi ’f""‘" ’“’""t\ ~ 1072...10
' = L

&p(@(af&)) only well-defined in gaugeless limit = My, = 0 in the MSSM!
e Either clean MSSM-calculation with M, =0

e Or calculation with M, 7 0 and different mz-renormalization: can be
interpreted as 2HDM-calculation = explanation why it is still finite
Mj,-effect significant

Renormalization scheme dependence reduced from 1-Loop — 2-Loop

by D.Stoeckinger



a‘)\' weak mixing angle Q'ﬂ

Final result for sin? 68T uses Gy as input

— include corrections to My

Present result in terms of fitting formula:
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by A.Freitas



sfermion masses Zsﬂ

TSIL=Two-Loop Self-energy Integral Library

¢ Two-loop calculations for self-energies in the MSSM are necessary, possible

e | favor a Strategy based on:

- ﬁf scheme (complementary to on-shell scheme results)

— Reusable, generic calculations

— Efficient computations of basis two-loop integrals
e 2-loop SUSYQCD corrections to squarks now known, typically < 1%
e 2-loop sfermion pole masses are implicitly known

¢ Some 3-loop calculations (e.g. for hD, maybe for gluino, squarks) will
eventually be necessary to compete with measurement accuracy from a

Linear Collider

by S.Martin



My, sin? AV, M;o ﬂl$”

Non Minimal Flavor Violation in MSSM

Precision observables can

constrain MSSM parameter space already today, and even more for the
increasing precision at future colliders

MSSM with NMFV:

general 4 x 4 mixing in 7/¢ and /% sectors

= Evaluation of My, sin?6eg, M, o0

Analytical results: for arbitrary mixing

Numerical results: only for L L mixing, parametrized with A ({677 )23 )
Large effects possible for My, sin? Ousf:

A <0.2 = My <20 MeV A<0.2 = 85in? 0 <1074

— We have shown that the effects of scalar quark generation mixing
enters essentially through Ap

Moderate effects possible for M, only for large A

FeynArts, FormCalc, LoopTools include:
NMEY MSSM : 6 x 6 generalized squarks mixing matrices

by S.Penaranda



2}’& massive form factor 24399

One-Loop

example: massive U(1)

2
M = Born:k[1+%(—In?%+3ln%—%+%)]
magnitude (§& = 3-1073)
2 [—m22y [ 43ing | T+ 2| & | sage
(%)2 2552 | 415.15 | —021 | -10.6 | -13%
(%)E ~41.44 | 41931 | -0.21 | -223| -27%

(four-fermion cross section = factor 4)

by J.Kuehn



Massive SU(2) form factor in 2-loop approximation: result
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N3LL and N4LL (partly) available for form factor

special role of massless bosons (v and g)
— Tactorization of IR singularities

first applications: LHC
important issue for LC



Heavy Quark AT
200

A Fragmentation functio

¢ We have calculated all components of the initial condition for the per-
turbative fragmentation function at order o2 (NNLO), thus extending
the PFF formalism to NNLL level.

e We followed a process independent approach for the computation of
D™ that exploits the universal behavior of the collinear radiation.

e To evaluate the two-loop integrals we apply powerful techniques for
multi-loop calculations: IBP, reduction to MI’s and their solving.

e I discussed the general properties of our result as well as the checks
with partial results existing in the literature.

e I discussed some of the many possible applications of our result, like:
e Fixed order spectra for heavy particles from massless results,

e Resummations of quasi-collinear logs with NNLL accuracy and accu- by A. Mitov
rate extraction of non-perturbative fragmentation function from data.



New FormCalc

FeynArts FormCalc is a matrix-element generator
that turns FeynArts amplitudes up to
Foop into a Fortran code for computing

AmpHitides the partonic squared matrix element.

The generated code can be run with
FormCalc’s own driver programs, or
used with other ‘Frontends’, e.g. Monte
Carlos.

FormCalc

Fortran Code '

LoopTools

IM[> —— Cross-sections, Decay rates, ...

by T.Hahn



FormCalc

Mathematica

FeynArts

|‘ amplitudes

| Analytical

results

]

Generated Code

SquaredME
RenConst

Alternate
drivers

Fortran

Weuyl-van der Waerden
spinor formalism for
external fermions

Multidimensional
integration with CuBA

Optimized public
code-generation funcs

FeunHiggs interface
and NMFV

Useful scripts




‘M New method from
twister space

 Much progress in computational techniqgues gauge
theories in last year or so is attributable (directly or
iIndirectly) to development of twistor string theory

e So far, practical spinoffs mostly for trees, and for
loops In supersymmetric theories

 However, loop-level versions of BCF recursion relations
look promising

o Try to determine polynomial terms in non-SUSY (QCD)
loop amplitudes this way (unitarity for branch-cut terms)

« EXxpect much more progress along these lines in future
by L.Dixon



A 6-gluon example

220 Feynman diagrams for gggggg

Helicity + color + MHV (--++++) results + symmetries

= only

Ag(1T,27,37,47,57,67), Ag(1T,27,37,47,57,67)

3 BCF diagrams

related by symmetry




The one Ag(1tT 2T 3+t 4= 5 67) diagram

i [12]° [k 3]°
- s12 [2K][K 1] [34][45][56][6 K]

i [12]° (6 K)[K 3])°
812 ([2K](K6))((6 K)[K 1]) [34][45][56]([6 K](K 6))

(6~ 1(14+2)[3™ )
(61><12>[34][45]8612<2 [(64+1)[57)

(6K)[Ka] = (61)[1a] + (62)[2a]
= (67](1 +2)]a™)

6 S12 __ (5t +

[56] = [56] + <62>[[5211]] _ (5 \(<66+21>)12 >

[SK]<K6> = <6+|(1+2)|6+>+812=3612




Last comments

Higher order calculation required for ILC Is
steadily in progress including the full EW one-

l00p gt =V U “vaudu Vﬂ,udSC
Higgs at ILC : O ( a ) calculation is ready for
most of processes.

Two-loop In EW/MSSM/QCD/QCD-EW avallable
for a class of physical observables.

High-precision sometimes requires large scale
computation = Importance of the development
of tools for HEP.
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