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Twoviews on the state of ourknowlege of the Universe

In thisbeginning of the 215t century, ourknowledge of
the Universecanbecompared to the knowledge of
the gasesat the beginning of the 20™. We know
withgreatprecision the overallparameters and
relations of macroscopic variables: in short
itsmacrophysics, but westilllack the full knowledge

of itselementaryconstituents: itsmicrophysics
G. Smoot




Observations arehere. Are weready to
calculate?

But also:

PAMELA(2008),
VERITAS(2008)
HESS2/MAGIC2 (2008-2009)
|ICECUBE(50%, 2008)
AUGER(2008)
ANTARES(2008)

AM S(20107?)
Gondolo

GLAST 2008
Edsjo, Dark SUSY, PukhovMicroMEGAS
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Whatdoesitmean « hphpadv » P
seealsoPeskin

Calculate the effect of BSM on precisionvariables

Calculate to LO, NLO (NNLO) the physics the SM
and BSM

« Dress » the SM/BSM to construct observables
Calculate the SM backgrounds

Invent the observables sensitive to BSM

Analyse/fit the candidate BSM signals
Calculatethe effects of BSM on cosmology and
astroparticlephysics

Estimatedensities/fluxes

Estimate the propagation effects




Framework for a New Physics impact on precision variables

e What observables can be used to constrain the model?

» Low energy (precision) data

« Flavour physics (many constraints from B physics)
< Other low energy observables, e.g. g-2

» High energy (precision) data

“ Precision electroweak observables, e.g. My, my,,, asymmetries

» Cosmology and Astroparticle data
% e.g. relic density

SM vs CMSSM

arXgv:0907.3447

LEP
excluded
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m,, [GeV]

Direct dependence on M, in CMSSM as

compared to indirect dependence in SM

e 5 ¢ discovery reach for 1fb-
» Very similar for ATLAS and CMS

tanfi=10, AD =0,u>0
with systematics

+— 95% CL allowed
68% CL allowed

‘00 a0 000

Input parameters
e.g. Mg, My, 80, tan(B), sign() ‘

Flacher

Steering Code

Spectrum calculators

SofiSusy

SuSpoct

Predictors

Higgs sector
FeynHiggs

Cosmology

MicrOMEGAS
DarkSUSY

Flavour Physics
lsidori ef al
MicrOMEGAS

EWK Physics
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FoynHiggs

SUSY fitters
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The program SusyBSG

e
in

A public fortran code for the NLO calculation of BR(B — X, 7) in the MSSM with MFV

G. Degrassi, P Gambino and P.S., arXiv.0712.3265

10°x BR (B = X_y)

)

e The program includes our full two-loop-QCD calculation of the matching conditions

* The result of the effective-Lagrangian approximation is provided for comparison

¢ The program also allows to take into account at LO the effect of squark flavor mixing

Superlso v2.2

A public C—program for calculating different observables in supersymmetry

@ automatic calculation in mSUGRA, NUHM, AMSB and GMSB black: direct constraints
scenarios blue: BR(B — Xs7)
: BR(B — 1v)
F dark green: BR(K — )
@ inclusive branching ratio of B — X7 at NNLO e b - non-excluded

@ isospin asymmetry of B — K*~ at NLO

@ branching ratio of BR(B — Tv/)

BR(B~ — D%~ 200 300 400 500
branching ratio of BR(B~ — D%~ v) and ﬁ
o BR(K = )

BR(T s i)

anomalous magnetic moment of muon

and Ria3

Study the case of SuperB?
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By the time the LHC discovers the Higgs boson, that
discovery will not longer be considered interesting.

Precise MSSM Higgs sector evaluation necessary to
— do phenomenological analyses at the Tevatron and the LHC
— exploit anticipated ILC precision, be sensitive to small deviations

FeynHiggs 2.6 provides Higgs boson masses, mixing angles,
couplings, branching ratios, Tev/LHC XS, etc.
in the MSSM with /without complex parameters (and for NMFV)

New features:
— Correction of O («oas) in the cMSSM included
— rotation matrices for the correct treatment of
external (on-shell) Higgs basons
internal Higgs bosons
— (CDM) parameter planes (— “FeynHiggs Record” structure)

How to run FeynHiggs:

— download the code from www.feynhiggs.de

— Command-line mode (allows also running on the GRID)
called from a Fortran/C++ code
called within Mathematica
WWW mode (www.feynhiggs.de/fhucc)

Peskin

A method to analyse data witharbitrary
types of Higgs

applications example: LEP exclusion of the MSSM in the CPX scenario

channel with highest sensitivity excluded region
40
30

20 40 60 100 120
M,

h\
hiZ — bbZ  ® hoZ — bbZ
b hoZ — hihiZ — bbbbZ
hohy — bbbb
other channels




A higherlevel of Abstraction: FeynRules
Constructing Feynman rules out of anylLagrangian(buhr,Christensen)

FeynRules

Model-file .
Particles, parameters, ...
FeynRules

Translation Interfaces

« Feynman diagrams are like the silicon chip they gave computation to the masses »
The jealous Julian
Schwinger




# Automation of LO calculations: several program packages exist for the automatic calcu-

lation of generic 2 — N cross sections (N < 8) including integration over phase space:

HELAC/PHEGAS, MADGRAPH/MADEVENT, COMPHEP, CALCHEP, GRACE,
SHERPA/AMEGIC, O'MEGA/WHIZARD, ALPGEN,

— Non-trivial achievement:
consider number of Feynman graphs e.g. for gg — N gluons:
N jets |2 | 3
#diag's | 4| 25 | 220 | 2485 | 34300 | 5 x 10° | 107

| 4| 5| 6 | 7 |s

# |[nclude parton showers and hadronization to sum soft/collinear parton emission
and predict realistic final states

— Beware of double counting: IN-jet cross section from 2 — N parton process or from 2 —
N — (1,2, ...) parton process plus parton shower

— Gonstruct matching schemes: CKKW-L (Catani, kuhn, Krauss, Webber; Lonnblad), MLM (Mangano), SCET (Bauer,

= Schwarz), implementedin HELAC, MADGRAPH, SHERPA, ARTIADNE, ALPGEN
Treelevelcalculations

have falen in the public
domain

102 Ei= ' ' IAnglen T T ] (Awelletal)
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NLO

NLO calculations with parton showers & hadronization

# NLO®BPS matching formalism Booijmansl Bella

— avoid double counting: parton showers include part of the short-distance physics already
included in the NLO calculation

— various schemes have been pTOpOSEd (Frixione, Webber, Nason, Oleari, Coliins, Zu, Soper, MK, Nagy,

Weinzierl, Giele, Kosower, Skands, Bauer, Schwarz,. .. )

2 MC@NLO (Frixione, Webber, . ..) is still tOp of the class

— well tested and supported
— includes many processes: pp — V., H, I, lv, QQ., HV, single top, VV

but other schemes like POWHEG (Frixione, Nason, Olear) are catching up. . .

® (Near?) future: variety of general NLOGPS matching formalisms

— independent of specific shower algorithm — combine NLO with any MC

— in terms of commonly used dipole st ® Bhowei can be used to introduce:
— easy to use for NLO praciitioner

a) spin info to events generated by MC@NLO
Note: There are also new development in parton shoy b) TGC weights to events generated by MC@NLO and Pythia

including quantum interference (Gieseke, Stephens, Webber, S

Ternick, Weinzierl, Schumann, Krauss; Giele, Kosower)

. The hadronic system recoiling against the two bosons is different between
different MC generators, causing differences in the angular and Pr
distributions of events with high Pr(jet).

. Events with high Pr(jet) should be suppressed
. Real data should be used to study events with high Pr(jet).
. Better di-boson MC generators are welcome:
a) NLO+PS with spin information
b) finite W and Z widths.
c) anomalous couplings
d)

Dibosons

NNLO and electroweak corrections.




Weneed NLO at the LHC (Kramer, Papadopoulos)

+ 2 anything you want. .. (cf. MCFM cangoel Eis .. _
yngy ( (o ... = similar shapes for signal and background (tt + n jets, ttbb, tt Z)

D — 3 pp— 77 (Bem, Divon, Kosower; Kunszt, Signer, Troscany’;Gie, Kiore, Nagy) — counting experiment

pp — V17 (campbe, Gover, i) — precise knowledge of event rates required

pp — H3|GF] camptel, s zanderig

p—= H ft (Beenakker, Dittmaier, MK, PIimper, Spira, Zerwas; Dason, Reina, Wackeroth, O, Jackson;

] #® experimental selection cuts may enhance the importance of higher-order
Peng, Wan-Gan, Hong-Shen, Ren-You, Yi)

corrections for background processes:gg — WW — [ol't/
[Binoth, Ciceolini, Kauer, MK; Duhrssen, Jakobs, van der Bij, Marquard]

pp— ’y’y‘j (e Florian, Kunszt; Del Duca, Maltoni, Nagy, Troscani, Binoth, Guilet, Mahmoud)

pp — H1j () WBF] gy Hankee, O, Zeppriey

| qq (NLO) gg | corr.

v Ot | 13731 54t | 4%
p— H H H (Plehn, Rauch; Binoth, Karg, Kauer, Rick) g% g Vﬁﬁ< ) ¢
£ Tpkg 4.8fbh 1.391tb | 30%

pp — VVJ[WBF] sager,Oteay, Zepperte — formally NNLO
— but enhanced by Higgs search cuts
p—= ZZ Z (Lazopoulos, Melnikov, Petriello; Binath, Ossala, Papadopoulos, Pitiau)

- WWwiz (Hankele, Zeppenfald; Binath, Ossala, Papadapoulos, Pitiau) Higgs searches at the LHC: pp — t#H (— bb)

PP — th (Ditmaler, Uwer, Weinie

» theoretical uncertainty of signal 22 20% at NLO

pp—= VVJ (Ditimaier, Kallweit, Uwer, Campbell, Ellis, Zanderighi; Binoth, Guilet, Karg, Kauer, Sanguinetti

a(pp — 0H + X) [fb]
1200 | ls= 14 TeV
i My = 120 GeV
Hg=m + M, /2

= th (Lazopaulos, McElmurry, Melnikov, Petriello)

TooLs 2008 7

Lo
—— NLO

2— 4z no complete LHC process yet. ..

BlackHat

C.F. Berger, Z. Bern, L ). Dixon, F. Febres Cordero, D. Forde, H. Ita, D.A.
Kosower, D. Maitre, arXiv:0803.4180 [hep-ph]

Rocket

W. T. Giele and G. Zanderighi, arXiv:0805.2152 [hep-ph]
CutTools
G. Ossola, C. G, Papadopoulos and R. Pittau, [arXiv:0711.3596 [hep-ph]]




1-loop corrections (2->2, 1->3 processes)
GRACE/SUSY (Jimbo) but alsoFeynArts/FeynCalc

=  ComparisonsGRACE/SUSY, FeyArts/FeynCalc in discussion

\y decay modes

~0
X » decay modes

H tree
B tree + 1-loop
Deve &l

r =1+ z'+ 1 1 {;:u‘l'!:r 1:e1’e .l{-t' .Lt' e l+e+

GRACE/SUSY FeynArt/FeynCaIc

= 2-loop Neutralino/chargino/gluino masses (POLXINO)

Weakensrenormalisationscaledependence, mandatory for gaugino-likeneutralinos




CalcHEP, CompHEP go parralel (amongotherfeatures)

CalcHEP development. |

Last years CalcHEP mainly was developed as a matrix element generator for
astro-particle package micrOMEGAEs.

Concluding remarks on CompHEP for BSM

Large scale (parallel) computations for new physics using
symbolic and numerical batch modes (2->2...6..(1->..7), many subprocesses)

Symbolic answers
useful for simple 2->2, 1->2, 1->3 new physics processes

Recently in collaboration with Alexander Belyaev and Neil Christensen

CalcHEP was significantly improved for collider physics applications. All the Les Houches agreements (LHA, LHEF, SLHA, LHAPDF)

are implemented

Interfaces to PYHTIA, HERWIG, (TAUOLA not yet public).
Link to MCDB

Namely it was realized a batch for mulfi-processes calculations with decays
of outgoing particles and event mixing using parallel calculations on
PC-farms. This job mainly was done by Alexander Belyaev and Neil
Christensen and will be presented by Neil in the second part of this falk.

Simple service for ROOT with useful options for quick analysis
Automatic FORM based public version to be completed

Spin correlations by gluing a production and decay for
an intermediate resonance (for fermions to be completed)

INVIEW OF UPCOMING LARGE COMPUTATIONS PARALLLISM A NECESSITY?

CalcHEP application on WTC Frandsen



Generators in C++ PYTHIA 8.1 (Ask)

and status report on Herwig++ (Richardson

T = H ~ o E 4

Pythia v8.1 (C++) was released Oct 2007

physics content should be at the same level or improved with respect to
Pythia 6.Tuning from experimental data remains!

The initial focus was on SM physics (QCD / EW), the implementation of several
BSM scenarios have just started !

Several possibilities to use it together with external programs, e.g. external
BSM processes from

LHA interface for parton-level event files from ME generators

Semi-internal process which is used to implement a parton-level process
based on do/dt

Hervw%g is an ongoing project to provide a replacement for the FORTRAN

HER program:

Based on the same physics philosophy but with improved physics simulation
based on the theoreRcic%I de\eelopm%n¥s ogthe last Eo yearsF,) n%tjust a rewrite.

IWEGE %re many improvements to the simulation for both Standard Model and
BSM physics, e.g.
CKKW matrix element matching; MC@NLO; IVAN soft underlying event model;




CLICDDA
DINCN\F A (Schumann,Krauss)

split simulation in phases

Signal/Background process: AMEGIC

exact matrix elements | M |2

QCD bremsstrahlung: APACIC

parton showers in the initial and final state

Multiple Interactions: AMISIC
beyond factorisation: modelling
non perturbative QCD: modelling

Hadron Decays: HADRONS/PHOTONS

matrix elements or phase space / YFS

D Sherpa is the framework that steers the event generation

best we can do for multi-jet final states:

O multi-jet MEs merged with parton shower: CKKW,

current status
» well tested implementations of MSSM, ADD, AGC
# sophisticated simulation of SM and BSM processes
» Sherpa integrated in Genser, TeV and LHC experiments
current activities
extension of the CKKW method to BSM production processes
allow for particle decays without specifying the final state
[similar to our 7-decay package]

new BSM scenarios: FeynRules, RS1 model, TC, colorons, ...

MLM

Great tutorial




But do not forget: « PHYSIS KRYPTESTAI FILEI »
« Snaturelikes to behidden » SHeraklitus

The set-theory diagram of SUSY models

1on-universal
SUGRA Phases?

| At LEP2
(:;;;E\\ MSSM-63 ’ SUSYGEN
~ hadthem

MSSM-124 NMSSM

tools
NMSSM C. Hugonie

SUSY is not the onlytheoryofcourse (Ohl)




Whizard (Reuter,Robens)

Implemented Physics Content
Structured beams:

For Tevatron/LHC: PDFs from LHAPDF (or PDFLIB)
For ILC physics:

» ISR (implemented: Skrzypek/Jadach, Kuraev/Fadin)
» arbitrarily polarized beams
» beamstrahlung, photon collider spectra (CIRCE/CIRCE 2)

external (user-defined) beam spectra can be read in

WHIZARD can (in principle) handle NLO pairproduction for
SUppOI‘tEd PhYSiCS Models: et e colliders at event generation level

interface to FormCalc generated matrix elements

» Test models: QED, QCD
» SM
Littlest/Simplest Little Higgs, Little Higgs Models with T parity routine for treatment of narrow width particles exists, bound
Moose models: 3-site model to be included
MSSM, NMSSM, extended SUSY models, incl. gravitinos (SLHA/SLHAZ2)
Graviton resonances, Universal extra dimensions, Randall-Sundrum
Noncommutative Standard Model
Higher-dimensional operators, SM effective field theory extensions
Anomalous triple and quartic gauge couplings

soft photons resummed to all orders

done this for ¥} X, production

—

K-mairix/Padé unitarization, unitarized resonances AlboteanwKilian/JR, 0806.4145

T T
1000 1200

Extended WHIZARD:

» SUSY NLO event generation cf. Tania Robens
» QCD NLO event generation: WHIZARD meets GOLEM




Is

ATLAS study, Berkeley group
1 ! : :
—e— Jimmy vi1 (1egistered)
—&— Jimmy v12 defaull
A— Pythia v11 6323
—¥— Pythia vi2 6.403
©  Pythia vi2 MSTP(86)=3
—f+— Pythia vi2 PARP(67)=1
A Pythia v12 default
4— Shampa, yout=10
——p— Sherpa, ycut=100
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Last MINUTE IDEA :
Use MCMC

with the standard model 7 |
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arXiv:0706.2569

# Signals of discovery include 04

— mass peaks
Apgen + - Alpgen, MadEvent,
- lous shapes of kinematic distributions A”r?glgec} ; 1
anomal . vegtien _ Helac with MLM,
erpa .
R Sherpa and Ariadne

. } 4
— excess of events after kinematic selection ‘5 e ol - ' wrorT s
2 3 - with CKKW

(1/a)doidn,




The hottest question. How does one extract information from

candidate signals? (Schuster, Hamann, Trotta

11i8AL 11 I,

discussion at a higherlevelthanegsusy-tools 2006

OSET (MARMOSET): Choose an appropriate set of candidate new particles.Approximate all
production cross sections by constants.Chooseappropriatedecay modes for eachparticle.
Thesemightbe 2-body decays or multi-bodydecaysthrough effective operators. Approximate all
decaymatrixelements by constants. Fit the data to obtain the masses, cross sections, and branching

fractions.

LEP. LHC... Profile likelihood

MCMC,
Bayesianapproach,li
kelihoods
SuperBayes,

Sfitter BAYESIAN CHI-SQUARE Bayesian PDF

d-Baggm2 Py ood (fregquenist,

" ]
{ )00
XENON-10 1 1e+0
—— )
e EhRMET |
N ) ! 1000
1000
200
| }
" ma(l 1‘I‘

nuS.COM.bsgegm?  Pommrion ol (Bayesan, e prices)

00 1000




Fundamental questions and future infrastructures

2008 (Trotta et al in prep) [PRELIMINARY]
(see also Allanach & Hooper 2008)

nuis+COM+bsg+gm2 Posterior pdi (Bayesian, flat priors)

1-n ton DM - =
LSST/SNAP/EUCLID... ’ O eon
ET/LISA -
CTA/KM3/AUGERN
Megaton proton decay

1 ton neutrino mass Cosm()l()gy

PLANCK/BPOL...

US=EU=175M¢/y
on astroaprticle

LHC/SLHC/ILC/CLIC...

ELT/TMT/JWST/SKA... Pa rtiC | e

Astrophysics _
Physics

Enoughwork for TOOLS to the end of the Century




How canwelinkexperimentaldomains in the search for DM ? (Donato,
Gebauer, Lemrani, Trotta)

IS the DAMA mOdU|at|On a DM Slgnal? Antiproton flux in effMSSM @ 240 MeV & Dama allowed region

A Boltine, ¥. Derats, N. Fernsngo, & Scepel (2008)
i Ty

., 0 red: WMAP

|

! 2 .
-1 “"% blue: subdominant, rescaled

Gerbier at SUSYo08 B e S e

Low WIMP mass limits

CRESST-1 finds also rising up of
spectrum at LE threshold @ 0.6 keV,
Al,O; 1.5 kg.d

Ty

Many configurations are
compatible with Dama & Bess

3%
E B DAMA Allowed

Z7 SUSY Models o
S

Exclusion of effMSSM parameters
depends on propagation models

o (T, = 023 GeV) (m™* st

CRESST-1

[t i
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Enargy (kev] p=0.2 GeVem® Vo= 220 km/s

p = 0.34 GeVem3
3 Vo= 170 km/s
New large mass 475 g Ge with 0.33 0% 042 Gever?
keV threshold (Barbeau et al.)

noise pedestal

=W |\ favour of MCMC, youneed a model to link
st @ and give indices to the otherdomains
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10, :‘:1‘. [ S TR ST
ionization energy (keV) ] )
Antiprotons in aCDM

CDM Antiprotons

— DM

Cosmic Rays

- ULEGe (Projected)
(1epd,Ikg-y)

g

s

]ﬂz

counts / keV kg day

10
M, ( GeV)

FIG. 5: Exclusion plots of spin-independent xN cross-section

More data will help fix
the astrophysical type
distributions

Flux [m™ sr' s GeV™

DMtools:
Eventheoristscan
analyse the data?

10 10 10°
Energy/nucleon [GeV]

computation based on GalProp

SuperBays : Looks Great




How one can influence the design of upcoming large
infrastrcutures: example : SuperBayes and CTA

Roszlowski, Rudz, Silk & Trotta (2008)

®, from GC
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Roszkowski, Ruiz de Austri, Silk & Trotta (2007)

de grumeaux

observés depuis la terre :
Grumeaux uniquement
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Twobigquestions for the XXle: the nature of electroweaksymmetrybreaking and darkmatter
(Peskin)

Do they have the sameanswer?

Manyprojectsmovedfrom the status of
«Plan to implement » or «stillprivate code but wehope to makeit public soon » to
mature packages of the type « youcanfind the code in www.mycode.org »

Also mature packages of cross-comparison of differentdomains (colliders, cosmology,
astroparticle)

More workneededhere a lot of necessary codes of astrophysical type are private
These codes are addressing part of the field, atwhatlevelshouldtheybeincluded in Tools?

A threshold has been crossed on automaticcalculation of code. Enteredits mature phase

The nature of the calculation (and analysis) moves to large scalecomputingschemes, shouldwethink
about it?

A hot debate on how to analyse the data, it has become more precisesince the time of
SUSY2006, nowat least 3 toolsexist

The toolsshouldgivepeciseanswers to science policy questions (e.g. SuperB, CTA)

A LOT OF HARD WORK,accompanying billion type infrastructures, shouldwenootthink of
more advancedforms of coordination, organisation, education of the new generation?




Thanks to the organisers for
preparing the last Tools
conference of the pre-LHCera

Remember the oldbetat the SLAC bet-book:

OkunagainstGribov has entered
« | bet Supersymetrywillbediscoveredbefore SSC entersintooperation »

Didhewin the bet : NO sinceSid Drell (if i rememberwell) made the counterbet:

« | betSupersymmetrywillbeforgottenbefore SSC entersintooperation »

Let us hopethatsoonwewillcollect the money fromboth




