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Charginos and Neutralinos in the MSSM
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Charginos and Neutralinos in the MSSM

e� � ; e� 0 (cont...)

low-scaleparameters+ evolutionto high scales:
) hint at SUSYbreakingmechanism
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Parameter determination and theoretical NLO results

Experimentalparameterdetermination:accuracy
(hep-ph/0410361,LHC/ ILC study)

generate\experimentaldata" with a known input for
parametersat electroweak scale
from this data, obtain � , masses,... as in real experimental
analysis
(include (assumed)detector and machine-dependenterrors)
use�tting routinesas e.g. SFitter (Lafaye et al,
hep-ph/0404282), Fittino (Bechtle et al, hep-ph/0412012)in
order to regainparametersat electroweak scale

) result: experimentalaccuracy(
LHC: in the % regime (Poleselloet al, Chiorboli et al)
ILC: in the h regime (Martyn et al, Deschet al)

) includeNLO contributionsin ILC analyses(
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Parameter determination and theoretical NLO results

Theory: NLO resultsfor � ee! e� e�

Full O(� ) SUSYcorrectionsfor e� e� :

Fritzscheet al (hep-ph/0407095),
•Oller et al (hep-ph/0402134,hep-ph/0504109)
relativecorrectionsin the % regime

� corr contributions and dependencies:

� born

virtual O(� ) corrections: � virt (� )

emissionof soft/ hard collinear/ hard non-collinear photons:

� soft(� E; � ) + � hc(� E; � � ) + � 2 ! 3(� E; � � )

higherorder initial state radiation: � ISR � � O(� )
ISR (Q)

� : photon mass, � E: soft cut , � � : collinear angle
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Inclusion of NLO results in Whizard

From � corr to Monte Carlo eventgenerators

experiments:see�nal decay products

needto compare with simulatedeventsamples

also: important irreduciblebackgrounde�ects
(e.g. Hagiwara et al, hep-ph/0512260)

) includeNLO resultsin Monte Carlo Generators (

MC Generator WHIZARD (W. Kilian, LC-TOOL-2001-039):
W, HIggs,Z, And RespectiveDecays

Monte Carlo Event Generator for 2 ! n particle processes

interfacesseveralM elementgeneratingcodes
(MadGraph,CompHep,O'Mega)

physicalmodels: SM, MSSM, non-commutativegeometry, little
Higgsmodels

alsotreated: initial state radiation, parton shower models,...

Tania Robens NLO simulations of chargino production at the ILC SUSY 2006, Newport Beach



Introduction and Motivation Inclusion of NLO results in Whizard Results Summary and Outlook

Inclusion of NLO results in Whizard

From � corr to Monte Carlo eventgenerators

experiments:see�nal decay products

needto compare with simulatedeventsamples

also: important irreduciblebackgrounde�ects
(e.g. Hagiwara et al, hep-ph/0512260)

) includeNLO resultsin Monte Carlo Generators (

MC Generator WHIZARD (W. Kilian, LC-TOOL-2001-039):
W, HIggs,Z, And RespectiveDecays

Monte Carlo Event Generator for 2 ! n particle processes

interfacesseveralM elementgeneratingcodes
(MadGraph,CompHep,O'Mega)

physicalmodels: SM, MSSM, non-commutativegeometry, little
Higgsmodels

alsotreated: initial state radiation, parton shower models,...

Tania Robens NLO simulations of chargino production at the ILC SUSY 2006, Newport Beach



Introduction and Motivation Inclusion of NLO results in Whizard Results Summary and Outlook

Inclusion of NLO results in Whizard

From � corr to Monte Carlo eventgenerators

experiments:see�nal decay products

needto compare with simulatedeventsamples

also: important irreduciblebackgrounde�ects
(e.g. Hagiwara et al, hep-ph/0512260)

) includeNLO resultsin Monte Carlo Generators (

MC Generator WHIZARD (W. Kilian, LC-TOOL-2001-039):
W, HIggs,Z, And RespectiveDecays

Monte Carlo Event Generator for 2 ! n particle processes

interfacesseveralM elementgeneratingcodes
(MadGraph,CompHep,O'Mega)

physicalmodels: SM, MSSM, non-commutativegeometry, little
Higgsmodels

alsotreated: initial state radiation, parton shower models,...

Tania Robens NLO simulations of chargino production at the ILC SUSY 2006, Newport Beach



Introduction and Motivation Inclusion of NLO results in Whizard Results Summary and Outlook

Inclusion of NLO results in Whizard

From � corr to Monte Carlo eventgenerators

experiments:see�nal decay products

needto compare with simulatedeventsamples

also: important irreduciblebackgrounde�ects
(e.g. Hagiwara et al, hep-ph/0512260)

) includeNLO resultsin Monte Carlo Generators (

MC Generator WHIZARD (W. Kilian, LC-TOOL-2001-039):
W, HIggs,Z, And RespectiveDecays

Monte Carlo Event Generator for 2 ! n particle processes

interfacesseveralM elementgeneratingcodes
(MadGraph,CompHep,O'Mega)

physicalmodels: SM, MSSM, non-commutativegeometry, little
Higgsmodels

alsotreated: initial state radiation, parton shower models,...

Tania Robens NLO simulations of chargino production at the ILC SUSY 2006, Newport Beach



Introduction and Motivation Inclusion of NLO results in Whizard Results Summary and Outlook

Inclusion of NLO results in Whizard

From � corr to Monte Carlo eventgenerators

experiments:see�nal decay products

needto compare with simulatedeventsamples

also: important irreduciblebackgrounde�ects
(e.g. Hagiwara et al, hep-ph/0512260)

) includeNLO resultsin Monte Carlo Generators (

MC Generator WHIZARD (W. Kilian, LC-TOOL-2001-039):
W, HIggs,Z, And RespectiveDecays

Monte Carlo Event Generator for 2 ! n particle processes

interfacesseveralM elementgeneratingcodes
(MadGraph,CompHep,O'Mega)

physicalmodels: SM, MSSM, non-commutativegeometry, little
Higgsmodels

alsotreated: initial state radiation, parton shower models,...

Tania Robens NLO simulations of chargino production at the ILC SUSY 2006, Newport Beach



Introduction and Motivation Inclusion of NLO results in Whizard Results Summary and Outlook

Inclusion of NLO results in Whizard

From � corr to Monte Carlo eventgenerators

experiments:see�nal decay products

needto compare with simulatedeventsamples

also: important irreduciblebackgrounde�ects
(e.g. Hagiwara et al, hep-ph/0512260)

) includeNLO resultsin Monte Carlo Generators (

MC Generator WHIZARD (W. Kilian, LC-TOOL-2001-039):
W, HIggs,Z, And RespectiveDecays

Monte Carlo Event Generator for 2 ! n particle processes

interfacesseveralM elementgeneratingcodes
(MadGraph,CompHep,O'Mega)

physicalmodels: SM, MSSM, non-commutativegeometry, little
Higgsmodels

alsotreated: initial state radiation, parton shower models,...

Tania Robens NLO simulations of chargino production at the ILC SUSY 2006, Newport Beach



Introduction and Motivation Inclusion of NLO results in Whizard Results Summary and Outlook

Inclusion of NLO results in Whizard

From � corr to Monte Carlo eventgenerators

experiments:see�nal decay products

needto compare with simulatedeventsamples

also: important irreduciblebackgrounde�ects
(e.g. Hagiwara et al, hep-ph/0512260)

) includeNLO resultsin Monte Carlo Generators (

MC Generator WHIZARD (W. Kilian, LC-TOOL-2001-039):
W, HIggs,Z, And RespectiveDecays

Monte Carlo Event Generator for 2 ! n particle processes

interfacesseveralM elementgeneratingcodes
(MadGraph,CompHep,O'Mega)

physicalmodels: SM, MSSM, non-commutativegeometry, little
Higgsmodels

alsotreated: initial state radiation, parton shower models,...

Tania Robens NLO simulations of chargino production at the ILC SUSY 2006, Newport Beach



Introduction and Motivation Inclusion of NLO results in Whizard Results Summary and Outlook

Inclusion of NLO results in Whizard

From � corr to Monte Carlo eventgenerators

experiments:see�nal decay products

needto compare with simulatedeventsamples

also: important irreduciblebackgrounde�ects
(e.g. Hagiwara et al, hep-ph/0512260)

) includeNLO resultsin Monte Carlo Generators (

MC Generator WHIZARD (W. Kilian, LC-TOOL-2001-039):
W, HIggs,Z, And RespectiveDecays

Monte Carlo Event Generator for 2 ! n particle processes

interfacesseveralM elementgeneratingcodes
(MadGraph,CompHep,O'Mega)

physicalmodels: SM, MSSM, non-commutativegeometry, little
Higgsmodels

alsotreated: initial state radiation, parton shower models,...

Tania Robens NLO simulations of chargino production at the ILC SUSY 2006, Newport Beach



Introduction and Motivation Inclusion of NLO results in Whizard Results Summary and Outlook

Inclusion of NLO results in Whizard

From � corr to Monte Carlo eventgenerators

experiments:see�nal decay products

needto compare with simulatedeventsamples

also: important irreduciblebackgrounde�ects
(e.g. Hagiwara et al, hep-ph/0512260)

) includeNLO resultsin Monte Carlo Generators (

MC Generator WHIZARD (W. Kilian, LC-TOOL-2001-039):
W, HIggs,Z, And RespectiveDecays

Monte Carlo Event Generator for 2 ! n particle processes

interfacesseveralM elementgeneratingcodes
(MadGraph,CompHep,O'Mega)

physicalmodels: SM, MSSM, non-commutativegeometry, little
Higgsmodels

alsotreated: initial state radiation, parton shower models,...

Tania Robens NLO simulations of chargino production at the ILC SUSY 2006, Newport Beach



Introduction and Motivation Inclusion of NLO results in Whizard Results Summary and Outlook

Inclusion of NLO results in Whizard

IncludingFormCalcO(� ) resultsin Whizard

virtual corrections: useFeynArts/ FormCalcgeneratedcode
for

M virt (� ) : virtual corrections

fs(� E; � ) : soft photon factor

(M born : born contribution)

in practice: createlibrary from FormCalccode, link this to
Whizard
integrateovere�ective matrix element:

jM W
e� j2(� E) = (1 + fs(� E; � )) jM born j2 + 2Re(M born M �

virt (� ))

� E: soft photon cut, � : photon mass
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Photons: �xed order vs resummation

(1): FixedO(� ) contributions

integrate jM e� j2 (born/ virtual/ soft photonicpart)

+ hard collinear photons: collinear approximation (M born)

+ hard non-collinear photons: explicit ee ! e� e�  process
(M 2 ! 3

born )

correspondsto analytic resultsin literature (Fritzscheea/ •Oller
ea)problem: too low en-

ergycuts: jM e� j2 < 0
) usenegativeweights
or set M e� = 0

event generator
speci�c problem
(� tot � 0)

M 2 behaviour,di�erent cuts
[GeV]
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Photons: �xed order vs resummation

(2): Resummingleadinglogsto all orders

idea: subtract O(� ) soft + virtual collinear contributionsin
M e� :

j fM e� j2 = (1 + fs(� E)) jM born j2 + 2Re(M born M �
virt )

� f ISR;O(� )
s (� E) jM born j2

fold this with ISR structure function:
Z

d�
Z 1

0
dx1

Z 1

0
dx2 f ISR(x1) f ISR(x2) j fM e� j2(s; xi ))

f ISR(x): Initial state radiation (Jadach,Skrzypek, Z.Phys. 1991)

) describescollinear (real + virtual) photonsin leadinglog accuracy(

f ISR;O(� )
s : soft integratedO(� ) contribution
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Photons: �xed order vs resummation

Resumming:What do we get ??

O(� ): equivalentto �xed order method

higherorders:
higherorder ISRfor jM born j2 as well as Re (M born M �

virt ) !!!

) new higherorder e�ects (

additionalpossibility: alsofold hard noncollinear processwith ISR

) got rid of
jMj 2 < 0
e�ects !!

no negative
weights

cos �

(-++-),

� E = 0:5 GeV
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Cut dependencies

A closerlook: � E dependence

�rst check: � E dependencetests soft approximation

exact vs resummed:alsolearn about O of higherorder e�ects

h e�ects
match ILC
accuracy
) careful
choice of
� E, method
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Simulation results

simulationresults:angular distributions

born, �xed, resumm

0

1� 104

2� 104

� 1 � 0.5 0 0.5 1

e� e+ ! ~� �
1 ~� +

1

evt/bin

p
s = 1 TeV

R
L = 1 ab� 1

cos�

di�erencesbetweenborn and
�xed, born and resumm

!! NLO: more than 1 � deviation!!
p

nmax � O(102); nbins= 20
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Summary and Outlook

Summary andOutlook

e� � =e� 0 sector of MSSM: SUSYparameterdetermination

high experimentalaccuracyfor parameterdetermination
=) h precisionat ILC !! ( =

) includeNLO resultsin Monte Carlo Event generators (

successfullinclusionfor NLO e+ e� ! e� + e� � in Whizard

+ generalinterfaceto FormCalcgeneratedmatrix elements

resummationmethod for photonsallows lower soft cuts/
inclusionof higherorder contributions

NLO as well as higherorder contributionssigni�cant !!

next step: correcteddecays, double-pole approximation

, Thanksfor listening,
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Appendix

angular cut dependence

cut dependencies:� �

tests: collinear photon approximation
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Appendix

SUSY Point

Point SPS1a'

mSUGRAscenario

according to SnowmassPoints (B. Allanachet al,
hep-ph/0202233), in agreementwith cosmologydata/ WMAP
(e� 0

1 as DM candidate)

spectrum
=)

0

100

200

300

400

500

600

700

m [GeV]
SPS1a0 mass spectrum

~l R

~l L
~� l

~� 1

~� 2
~� �

~� 0
1

~� 0
2

~� 0
3

~� 0
4

~� �
1

~� �
2

~qR

~qL

~g

~t 1

~t 2

~b1

~b2

h0

H 0; A 0 H �
light sleptons
heavysquarks
somelight e� s
all masses< 1 TeV

Tania Robens NLO simulations of chargino production at the ILC SUSY 2006, Newport Beach



Appendix

ISR formula

ISRin its full beauty (Skrzypek ea)
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