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Introduction and Motivation

Charginos and Neutralinos in the MSSM

Chargino and Neutralino sector:

Reconstruction of SUSY parameters

o Charginos X+ and Neutralinos X?:

superpositions of gauge and Higgs boson superpartners
@ Chargino/ Neutralino sector:

tan 3, pu (Higgs sector), My, My(soft breaking terms)
can be reconstructed from

masses of )Zli, Xzi, XY, 2 o in the YT sector

(Choi ea 98, 00, 01)
@ low-scale parameters + evolution to high scales (RGEs):
= hint at SUSY breaking mechanism (Blair ea, 02)

Tania Robens

@ requires high precision in ew-scale parameter determination
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Introduction and Motivation

Charginos and Neutralinos in the MSSM

Chargino production at the ILC

@ Charginos: (typically) light in the MSSM
= easily accessible at colliders (ILC/ LHC) <
@ LO production at the ILC:

)2+
— I
Ve
7.z
— e
e” X e X~
@ decays: typically long decay chains
eg. ete

St o— e Fo— o, 7 2050
= X1 X1 — 7T v (= 7T T v XIX)D)
Tania Robens
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Introduction and Motivation

Experimental accuracy and NLO results

Experimental accuracy and theoretical

next-to-leading-order (NLO) corrections

@ experimental errors: obtained from simulation studies
(LHC/ ILC study, Weiglein ea, 04)

@ generate “experimental data” with known SUSY input
parameters

@ errors: combination of statistical and systematic errors

combined LHC + ILC: %o

same O errors from fitting routines determining SUSY parameters
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Introduction and Motivation

Experimental accuracy and NLO results

Experimental accuracy and theoretical
next-to-leading-order (NLO) corrections

@ experimental errors: obtained from simulation studies
(LHC/ ILC study, Weiglein ea, 04)

@ generate “experimental data” with known SUSY input
parameters

@ errors: combination of statistical and systematic errors

combined LHC + ILC: %o

same O errors from fitting routines determining SUSY parameters
@ Theory:

Full NLO SUSY corrections for o(ee — X x) at ILC:

in the % regime (Fritzsche ea 04, Oller ea 04, 05)

= include complete NLO contributions in analyses<
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Implementation in WHIZARD

Inclusion of NLO results in WHIZARD

From oy: to Monte Carlo event generators

@ experiments: see final decay products
@ need to compare with simulated event samples

@ also: important irreducible background effects
— talk by Jirgen Reuter

(e.g. Hagiwara ea, 05)
= include NLO results in Monte Carlo Generators <

Tania Robens
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Inclusion of NLO results in WHIZARD

Implementation in WHIZARD

From oy: to Monte Carlo event generators

@ experiments: see final decay products
@ need to compare with simulated event samples
@ also: important irreducible background effects
(e.g. Hagiwara ea, 05)
— talk by Jirgen Reuter
= include NLO results in Monte Carlo Generators <

@ MC Generator WHIZARD (W. Kilian, LC-TOOL-2001-039):

@ so far: LO Monte Carlo Event Generator for 2 — n particle
processes

@ includes various physical models (SM, MSSM, non-commutative

geometry, little Higgs models), initial state radiation, parton shower
models,...
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Inclusion of NLO results in WHIZARD

Implementation in WHIZARD

NLO cross section contributions

otot contributions and dependencies:

@ Oborn

@ virtual O(«) corrections: oyirt()

@ emission of soft/ hard collinear/ hard non-collinear photons:
Osoft(AE,, N) + onc(AE,, Aby) + 02 3(AE,, Ab,)

@ higher order initial state radiation: o|sg — ag,(?a)(Q)

A: photon mass , AE,: soft cut , Af.: collinear angle
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Inclusion of NLO results in WHIZARD
Implementation in WHIZARD

Including FormCalc O(«) results in WHIZARD

@ use FeynArts / FormCalc generated code for

Muire () virtual corrections
fs(AEy, \) soft photon factor
(Mborn

born contribution)
o fixed order: integrate over effective matrix element:

Meir(AE,) = (1+£(AEy, X)) [Mbor|* + 2 Re(Mborm M (A))

A E,: soft photon cut, A: photon mass

Tania Robens

@ in practice: create library from FormCalc code, link this to WHIZARD
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Inclusion of NLO results in WHIZARD

Photons: fixed order vs resummation

(1): Fixed O(«) contributions

@ integrate |Meg|? (born/ virtual/ soft photonic part)
@ hard collinear photons: collinear approximation (Mom)

@ hard non-collinear photons: explicit ee — X X~y process
(M2—>3

born

@ corresponds to analytic results in literature
(Fritzsche ea/ Oller ea)
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Inclusion of NLO results in WHIZARD

Photons: fixed order vs resummation

(1): Fixed O(«) contributions

@ integrate | M| (born/ virtual/ soft photonic part)
@ + hard collinear photons: collinear approximation (M porn )
@ + hard non-collinear photons: explicit ee — X X -y process
(M2—>3
born
@ corresponds to analytic results in literature

(Fritzsche ea/ Oller ea)

problem: too low en- R L L B B
ergy cuts: |[Meg]?> < 0 el NN LO

= use negative weights Ml (= +4-)
or set Mer =0

event generator
specific problem 0

(0tot > 0) -1 ) 0 0.5
cos @
M?2 behaviour, different cuts [GeV]
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Photons: fixed order vs resummation

Inclusion of NLO results in WHIZARD

(2): Resumming leading logs to all orders

Mess:

| Mest|?

@ idea: subtract O(«) soft + virtual collinear contributions in

SR7O(O{)(AE7) |Mborn |2
o fold this with ISR structure function:

1 1 __
/ "r/ dx / dxg F1R (31) FISR (x2) | Meer2(5. 1))
0 0

o fSR(x): Initial state radiation (Jadach, Skrzypek, Z.Phys. 1991)
° fs|SR7(9(0f).

= describes collinear (real + virtual) photons in leading log accuracy <

(1 + fS(AE’y)) ’-A/lborn‘2 + 2 Re(Mborn Mtirt)
2 f]

Tania Robens

soft integrated O(a) contribution
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Inclusion of NLO results in WHIZARD

Photons: fixed order vs resummation

Resumming: What do we get 77

@ O(«): equivalent to fixed order method

= got rid of
IM|? <0

effects 1!

no negative
weights

Tania Robens
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Inclusion of NLO results in WHIZARD
Photons: fixed order vs resummation

Resumming: What do we get 77

@ O(«): equivalent to fixed order method

= got rid of \
|M|2 < 0 005 Born \‘\\
effects !! 3 e

no negative ’ “‘
weights

\

(44,

g

086

04

AEy = 0.5GeV

EYI) 02

P
@ higher orders:

higher order ISR for |Mporm|? as well as Re (Mpom M) 1

= new higher order effects <

Tania Robens

additional possibility: also fold hard noncollinear process with ISR
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Results

Inclusion of NLO results in WHIZARD

Results: cross sections

200
o [fb]
150
025
y)
100 pa N -
\ 0154y, g
T s 0.1 \
50 [ 7 e —
f T T T 7 T 0 | | | :
200 400 600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400
g
a(v/s)

relative corrections
agrees with results in the literature (Fritzsche ea, Oller ea)

Tania Robens
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Inclusion of NLO results in WHIZARD

Results

A closer look: AE, dependence of oot

L — ot oo i
ce —XiXi

1381— ot [ID] =

137~ LO N
M /s=1Tev 7
136~ SPSla’ —
? sa
135 ¥ *
L ]
L : |
FEa
134 P =
|- & & Ll .
| | | sa, AE = ().1‘
P I L L T
133 0.1 0 100

AE, [GeV]

@ semianalytic (FormCalc ): tests soft approximation,
shifts : 2-5 %0 (AE, < 10GeV)

o : same as 'sa’ for
AE, > 3GeV, smaller values: |M ¢|? < 0 effects
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Inclusion of NLO results in WHIZARD

Results

AE, dependence: resummation

139 —r e

b e :
138~ res-|

o ] U oA E):
1371 Lo /-4 resummation includes

/ 4 .

ol Yoo LTV & higher order effects
36— a s 1 . ]

1 .= v | 5% difference to 'sa
135 e mem I 7 for AE, < 10GeV

L Kﬂﬁx—ﬁ' " 4

iy - * -

1341 x e |

L 2 g

| | | sa, AE = ().l‘
133 0.1 1 10 100
AE, [GeV]

In summary:
shift in A E, leads to %o effects, match ILC accuracy
= careful choice of AE,, method important
“best” choice: fully resummed version with low energy cut
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Inclusion of NLO results in WHIZARD

Results: simulated events

simulation results: angular distributions

AT e~ i ]
€ e —X1Xi 1000 € e — X1 X1 o

evt/bin L evt/bin i

500 .

Vs =1TeV [ b
[L=1ab™" )

1x10* 0 _

~500|

L V/s=1TeV 4
1000 JL=1ab™" -

i T T S T M R v b b Ly
=

[
1 -0.5 0 0.5 1 -1 —0.5 0 0.5 1
cos 6 cos @

Born, , resummation

I more than 1 o deviation ! |/Am. ~ O(102); nbins = 20
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Inclusion of NLO results in WHIZARD

Results: simulated events

Angular distributions: higher orders

400 = . ]
i .
F evt/bin S0 .

200 I

Nres,+ - Nex
red: 1 standard dev
from Born result

I T T I L
-1 —-0.5 0 0.5
cos

—

also higher order contributions statistically significant

=] F - = = DAl
Tania Robens MC Simulations for NLO Chargino Production at the ILC LCWS 2007, DESY Hamburg



Inclusion of NLO results in WHIZARD

Results: higher order effects

/s dependence of different higher order contributions

0.05 ‘
Ox — Ofix
0.04- —— 7
Oborn
0031 7 relative difference:
0021 *o a

- | Ox — OFf;
oot w C . Tﬁ-z SR o =
0 S . — OBorn

001 born+

|
1000
N

Born+: only Born folded w ISR, resummation , fully resummed
result

difference between Born+ and fully resummed result: multiple
photon emission from interaction term
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Summary and Outlook

Summary and Outlook

@ Chargino/ neutralino sector of MSSM: high precision in SUSY
paramater analysis at EW scale (%o at ILC)

@ same size/ larger NLO corrections
= include NLO results in Monte Carlo Event generators

@ resummation method for photons allows lower soft cuts/
inclusion of higher order contributions

@ NLO as well as higher order contributions significant !!

@ next steps: include NLO corrections to X decays
(— talk by K.Rolbiecki), non-factorizing contributions ( start
with photonic corrections in the double-pole approximation)

@ general interface to FormCalc generated matrix elements:
extendable to other processes...
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cut dependencies: A6,

Appendix

(O(%))

for higher angles: second order ISR effects between 0.05° and 0.1°

tests: collinear photon approximation
0994 [eet - 1107 e res
B ~3
0.985 e g S N '\ res+
* O Born
0.98 | .
Ot [fD] 2
0975 /s=1TeV
I [ I
0.1 1 10
a0, [
Otot again larger for resummation method

Tania Robens
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Appendix

photon approximations

1, f;, hard collinear approximation, /SR(?)

)

fi=—o / Pk (E)pin &
=
ij=et”IkISAE 2w pikpik
(Denner 1992)
wr = VKZ + X2, p; initial/ final state momenta, k: 7y

momentum
@ hard collinear factor (£ helicity conserving/ flipping):
1+ x? s (AB)? _ !
£+ - “ | —-1).,f = —x.
(x) 271 (1 —x) <n< 4 m? () 27

(Dittmaier 1993)

1
FISR O() _ [/ fisr(x) dx} = g Q2 In(1 — xo) + xo + lx(i)\
X O(a - = =

0 F = £SO
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Appendix

soft region effects

ISR in its full beauty (Skrzypek ea, 91)

1 3
exp(—1 3
M(x, Q) = xp(—377E + 57)

n (2-1
21— x)(2
ri+4) 2( )

2
_ 0 T p1- _x) _ 2logx 3 _ X
4(1+x)+1 ( 2(1 - x) log(1 — x) T x +2(1+x)|ogx >

- g) +(3) {—5(1+X) <__E+ l0g(1 — x) + 3 log*(1 — %)

1 1 1
— Zlog xlog(l —x) + 6 log® x — —le(l—X))

1+ x2 3
—=1 —I ——I log(1 —
T x < 5 og x + B og’® x 5 logx og( x))

(1-x) <|og(1_x)jL 1) +3—]'2(5—3x)|ogx] .q = 270‘ <|0g (%j) i

/

ENIE ST
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