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Chargino and Neutralino sector in the MSSM

@ Supersymmetric theories: New SUSY (breaking) parameters
appear in the superpotential and the soft breaking terms

@ Gaugino and higgsino sector of the MSSM:

tan 3, u (Higgs sector)
My, M, (soft breaking terms)
@ can be reconstructed from (Choi et al 1998, 2000,2001)
masses of %f, ﬁ[, %)
2 o in the YT sector

= reconstruction of SUSY breaking scale parameters +
mechanism
(Blair et al 2002)
@ "experimental” and parameter fitting accuracy: % to %o
= LHC/ILC study group; SFitter/ Fittino <
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NLO results for e 55

o First order virtual corrections for X x:
Fritzsche et al (2004), Oller et al (2004, 2005)
relative corrections in the % regime

ocorr contributions and dependencies:

@ Obhorn

@ virtual O(«) corrections: o yrt(\)

@ emission of 1 soft/ hard collinear/ hard non-collinear photon:
O‘SOft(AE, )\) + O‘hC(AE, AQ) + 0‘2_,3(AE AQ)

@ higher order initial state radiation: o;5g — O'ISR (Q)

A: photon mass , AE: soft cut , A#: collinear angle
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@ so far: analytic results for ocorr for 2 — 2(/3) process

@ experiments: see final decay products

+

- S+ o— N — ., 7 200
eg. ete” = X{X; — T 7f vr (= 7T R XR)
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NLO results for oee ., 5

From 0. to Monte Carlo event generators

@ experimental/ fitting routines errors on the % /%o level
@ loop corrections of equal size
= need to include NLO results in Monte Carlo Generators <

7?7 WHY 77

@ so far: analytic results for ocorr for 2 — 2(/3) process
@ experiments: see final decay products
eg. ete” - X{ixXi = H T vetr(—= T 0 YY)
@ need to compare with simulated event samples
@ also: important irreducible background effects
(— talk W. Kilian)
= first step: include production process at NLO <
(also: angular distributions, ...)
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NLO corrections in Whizard
[ ]

Virtual corrections

Including FormCalc O(a) results in Whizard

TECHNICALITIES: Virtual corrections

@ Fritzsche et al: use FeynArts/ FormCalc to obtain
MbOI’nv MVII‘t(A)r fS(AE7 )\)
@ inclusion of first order virtual corrections in Whizard: use
|Meff 2(AE) = (1 + f(AE)) [Mpom[? + 2 Re(Mporn M)

@ in practise: create Whizard library from modified FormCalc
code
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NLO corrections in Whizard
[ le]

Real photon contributions

Real photon contributions: standard method

@ integrate
|Meff|2 = (1 + fS(AE)) |-/\/tborn|2 + 2 Re(MbOm M*virt)
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@ integrate
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NLO corrections in Whizard
[ le]

Real photon contributions

Real photon contributions: standard method

@ integrate
|Meff|2 = (1 + fS(AE)) |-/\/tborn|2 + 2 Re(MbOm Mtirt)
@ + hard collinear photons: collinear approximation (M por)

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

born

Delta E dependence for MA2 for hel=+-+-
0.08 T T T T T T T

DraWbaCk: |Meff|2 < 007
0 for small values of o

A—\/g; set |Meff|2 =0 005

" bom —
total corr, Delta E = 10 GeV -~
total corr, delta E = 0.5 GeV - |

0

M2
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Real photon contributions: standard method

@ integrate
|Meff|2 = (1 + fS(AE)) |-/\/tborn|2 + 2 Re(MbOm Mtirt)
@ + hard collinear photons: collinear approximation (M por)

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

born

Delta E dependence for MA2 for hel=+-+-
0.08 T T T T T T T

DraWbaCk: |Meff|2 < 007
0 for small values of o

" bom —
total corr, Delta E = 10 GeV -~
total corr, delta E = 0.5 GeV - |

0

AE . 2 _

W, Set |Meff| = O 0.05 |
too low energy cuts: wou ]/ ]
O(«) not sufficient, o ]

leads to “wrong” ocorr e
0.
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Alternative: subtraction method

@ integrate over AE independent | M s |%:

Mesr|? = (1 + H(AE)) [Mbpom|?* + 2 Re(Mpom M)
£PR O AE) | Mporn|?

Tania Robens NLO simulations of chargino production at the ILC ECFA ILC Workshop 2005, Vienna



NLO corrections in Whizard
o] ]

Real photon contributions

Alternative: subtraction method

@ integrate over AE independent | M s |%:

Mesr|? = (1 + H(AE)) [Mbpom|?* + 2 Re(Mpom M)
£PR O AE) | Mporn|?

o fold this with ISR structure function (1! Mpom + My 1)

Tania Robens NLO simulations of chargino production at the ILC ECFA ILC Workshop 2005, Vienna



NLO corrections in Whizard
o] ]

Real photon contributions

Alternative: subtraction method

@ integrate over AE independent | M s |%:

Mesr|? = (1 + H(AE)) [Mbpom|?* + 2 Re(Mpom M)
£PR O AE) | Mporn|?

o fold this with ISR structure function (1! Mpom + My 1)

@ all collinear photons described by ISR, hard non collinear: as
before
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NLO corrections in Whizard
o] ]

Real photon contributions

Alternative: subtraction method

@ integrate over AE independent | M s |%:
|Meff|2 = (1+4(AE)) |/\/lborn|2 + 2 Re(Mporn M)
ISR,O(O()(AE) |Mborn|2

fs
@ fold this with ISR structure function (!! Mpem + My 1)
@ all collinear photons described by ISR, hard non collinear: as

Different contributions to M2 for hel=+-+-, Delta E = 0.5 GeV, resumm method
before PPttt
born
total corrected M*2 before subtraction -------
007 | total corrected M"2 affer sublraction -
0.06
| M efr| 2
0.05 - .. eff
voa| [ . ! w/ wo
. 1 subtrac-
0.02 h .
tion
0.01
|
0,01 . . . . . . . . .
-1 -0.8 -0.6 -0.4 -0.2 o 02 0.4 0.6 08
costh
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NLO corrections in Whizard
o] ]

Real photon contributions

Alternative: subtraction method

@ integrate over AE independent | M s |%:
|Meff|2 = (1+4(AE)) |/\/lborn|2 + 2 Re(Mporn M)
ISR,O(O()(AE) |Mborn|2

fs
@ fold this with ISR structure function (!! Mpem + My 1)
@ all collinear photons described by ISR, hard non collinear: as

b efore 008 Different contributions to M2 for hel=+-+-, Delta E = 0.5 GeV, resumm method
Ie:a\l corvecle:j gﬂ"ME gerﬁre sug:ra%?c:: rrrrrr
0.07 | total correcte "2 after subtraction --
e
0.06
2
R | Mer|
more  accurate .
- NN | W/ wo
description  of ¢ ' .
- 1 subtrac-
o(xs)forx ~ 1 .l . _
; ' tion
(soft region)
-0.01 L L L L L L L L L
-1 -0.8 -0.6 -0.4 0.2 0 0.2 0.4 0.6 0.8

costh

Tania Robens NLO simulations of chargino production at the ILC ECFA ILC Workshop 2005, Vienna



NLO corrections in Whizard
[ le]

Photon approximations: validity regions

Ocorr CUt dependencies: AE

tests: soft photon approximation, negative |M|? effects
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Photon approximations: validity regions

Ocorr CUt dependencies: AE

tests: soft photon approximation, negative |M|? effects

Test of energy dependence for total crosssection- negative M2 effects
160 T

sigma_tot, 1-loop using Whizard, exact 1-loop version
sigma_tot, 1-loop using Whizard, resummation -
sigma_tof, 1-loop sing FormCalc ————

sigma

130 . :
0.0001 0.001 0.01 0.1
dE/sart(s)
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NLO corrections in Whizard
[ le]

Photon approximations: validity regions

Ocorr CUt dependencies: AE

tests: soft photon approximation, negative |M|? effects

Test of energy dependence for total crosssection- negative M2 effects
160 T

v literature® limits:
-5 ~ AE 2
107> < s <10

sigma_tot, 1-loop using Whizard, exact 1-loop version
sigma_tot, 1-loop using Whizard, resummation -
sigma_tof, 1-loop sing FormCalc ————

v/ negative |M|?
1 effects for low cuts

sigma

*Qller(2005),
1 Denner(2000)

130 . :
0.0001 0.001 0.01 0.1
dE/sart(s)
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NLO corrections in Whizard
[ le]

Photon approximations: validity regions

Ocorr CUt dependencies: AE

tests: soft photon approximation, negative |M|? effects

Test of energy dependence for total crosssection- negative M2 effects
160 T

v literature® limits:
-5 ~ AE 2
1107 < s <10

sigma_tot, 1-loop using Whizard, exact 1-loop version
sigma_tot, 1-loop using Whizard, resummation -
sigma_tof, 1-loop sing FormCalc ————

v/ negative |M|?
1 effects for low cuts

sigma

*Qller(2005),
1 Denner(2000)

130 . :
0.0001 0.001 0.01 0.1
dE/sart(s)

subtraction method: o, slightly larger

=> more accurate description of soft photon region
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Photon approximations: validity regions

Ocorr CUt dependencies: A6

tests: collinear photon approximation
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LO corrections in Whizard
(o] ]

Photon approximations: validity regions

Ocorr CUt dependencies: A6

tests: collinear photon approximation

sigma

136

delta theta dependence, dE= 10 GeV

1355

135

1345 |

1335

133

wh mod, isr, isr order = 1+ wh ext
wh mod,exact 1 loop + wh ext
theta = 0, exact 1 loop version —-——

0.01

Tania

Robens

0.1 1 10 100
theta [deg]

NLO simulations of chargino production at the ILC

ECFA ILC Workshop 2005, Vienna



NLO corrections in Whizard
(o] ]

Photon approximations: validity regions

Ocorr CUt dependencies: A6

tests: collinear photon approximation

delta theta dependence, dE= 10 GeV

136
j wh mod, isr, isr order = 1+ wh ext
wh mod,exact 1 loop + wh ext
theta = 0, exact 1 loop version —-——
1355 b —
185 - 1

v literature limits:

E st 1 0.05° < A0 <0.5°
134 : T 1
1335 - LT
)
133 . - y ‘
0.01 0.1 1 10 100
theta [deg]
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NLO corrections in Whizard
(o] ]

Photon approximations: validity regions

Ocorr CUt dependencies: A6

tests: collinear photon approximation

delta theta dependence, dE= 10 GeV

136
j wh mod, isr, isr order = 1+ wh ext
wh mod,exact 1 loop + wh ext
theta = 0, exact 1 loop version —-——
1355 b —
185 -

. : V' literature limits:
1345 1 ] 0050 S A9 S 050

o
£
S
3 " )
o
134 : Tk 4
1335 [ Ty 4
E3
133 . . .
0.01 0.1 1 10 100
theta [deg]

Ocorr again larger for subtraction method
for higher angles: second order ISR effects (O(%0))
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First results:
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total crossection, born vs 1-loop corrected version

200

T T
born crossection
exact 1 loop including explicit 2 -> 3 process
ke resumm method including explicit 2 -> 3 process -
"

180
160 |
140 |

SPS1a’

120 |

sigma

80

40 4 E

20 1 1 1 1 1
200 400 600 800 1000 1200 1400 1600

sqrts(s)
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sigma

First results:
[ ]

total crossection, born vs 1-loop corrected version
200 T T

T T

born crossection
exact 1 loop including explicit 2 -> 3 process -
e resumm method including explicit 2 -> 3 process -~

160
140
SPS1a’
100

80

60

20 1 1 1 1 1 1
200 400 600 800 1000 1200 1400 1600

sqrts(s)

agrees with results in the literature (Fritzsche et al, Oller et al)
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First results:
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angular distributions

simulation results: angular distributions

0.ps: angle between Y~ and e™
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First results:
[ Je]

angular distributions

simulation results: angular distributions

0.bs: angle between Y~ and e™

angular distribution: NLO effects (born - corrected)
angular distribution
Vs = 600. GeV /L‘ 1000. b

Vs = 600. GeV /c = 1000. fb!
#evt/bin

#evt/bin
2x10°~ N
horn
—— exact-11+-2t03
—— resum-+2t03
15x10'
~500—
1x10°+
1000
5000 exact-11
resum
~1500] ; . .
0 T T T 1 0.5 0 0.5
-1 —0.5 0 05 cos by
€05 Bt cuts: AE = 3. GeV A = 17

Chora = 19715 £0.232fb [+0.12 %] Nlew. = 197155
Gecpzs = 18588 £0.200 0 [+0.11 % 185878
Crosumizs = 18849 £0.129 fb 188489

N

Ty

cuts: AE = 3 GeV Af = 19
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angular distributions

First results:
[ Je]

simulation results: angular distributions

0.bs: angle between Y~ and e™

angular distribution

Vs = 600. GeV /c = 1000. fb!

#evt/bin

2x10°

15x10°

1x10°+

5000

born
xact-11+2t03

resum-+-2-t03

#evt/bin

Texs2
Oresumi2s = 188.49

€05 B
N = 197155

New = 185878
N = 188480

£0.232fb [+0.12 %
£0.200 0 [£0.11 %

+0.129 b [+0.07 %]

cuts: AE = 3 GeV Af = 19

Tania Robens

NLO simulations of chargino

angular distribution: NLO effects (born - corrected)

/L‘ 1000. b

Vs = 600. GeV

—500

exact-11
resum

1000

~1500 ;
1 0
€08 B

cuts: AE = 3. GoV Af = 17

Il more than 1 o deviation !l
(nbins = 20)

production at the ILC ECFA ILC Workshop 2005, Vienna



First results:
oe

angular distributions

Angular distribution: Do we see |[M|? < 0 effects 7?7 (V)

Reminder:
|Mes|>  behaviour
(AEiw = 0.5 GeV):

Delta € dependence for M2 for holet-+-

008
bom —
totalcor, Delta E = 10 GeV -
007 tolal corr, dolta E = 0.5 GeV.
0
006
005
004
H
003
002
001
. -
001
1 08 08 04 02 0 02 04 06 08
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First results:
oe

angular distributions

Angular distribution: Do we see |M|? < 0 effects 7? (V)

Reminder:
|Mefr|?  behaviour
(AE/OW = 0.5 GeV): M2 < 0 effects

difference between exact first order and subtraction method

angular distribution:

Vs = 1000. GeV/ /c = 1000. fb*

Dot E dspondance for M2 for holes-+ #ovt/bin
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N ’_L\ rﬂ
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cuts: AE = 0.5 GeV A0 = 0.5
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high precision in SUSY paramater analysis at EW scale

@ NLO corrections for production: O(%)
@ inclusion in analyses/ Monte Carlo generators necessary

@ first step: include NLO contributions of X X\ production at ILC
in Whizard

@ use “classical” as well as new approach to include real photon
contributions: lower energy cuts, better description in soft
regime

first results: significant differences in angular distributions
@ interface between Whizard and FormCalc
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Outlook: What's next 77?7

@ next step: include NLO corrections to x decays

@ next? step: take non-factorizing contributions into account
start with photonic corrections in the double-pole
approximation

@ Goal: include “fully” corrected 2 — 4 process

@ extendable to other processes...

THANKS TO

Wolfgang Hollik, Thomas Fritzsche, Thomas Hahn at MPI in
Munich for their advice/ code/ help

®YOU for listening ©
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Appendix
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ISR and photon approximations

ISR in its full beauty (Skrzypek et al, 1990)

1 3
LL 2 _eXP(—szJrgU)Q L o(2-1)
2
n n 2logx 3
4(14—x)—i— 16 ( 2(1 —x)log(1 —x) T x —1-2(1 + x) log x
x 5 m3| 1 9 72 3
- 2.2 N -za = o gl -
2 2>+<2> [ 1 +X)<32 Tyl =x)
1, 1 1, 1
+ Elog (l—x)—ZIogong(l—x)—i- 1—6|og X — Zng(l—X))
114+x%/ 3 1, 1
+ 5T (—glogx—i—ﬁlog x—§logxlog(1—x))
L1 %) (log(10x) + ) + (5 — 3x)1
2 x) { log(10x) + 7 % x) log x
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Appendix
oe

ISR and photon approximations

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

o= 2?11 (Iog (%) — 1) (Q = scale of process)
°
d3k 2p;p;
DS R
-+ Jk < AE 2wy pik pjk

(Denner 1992)
wx = Vk?+ A2, p; initial/ final state momenta, k: ~y

momentum
@ hard collinear factor (£ helicity conserving/ flipping):
1+ x? s (AB)? _ !
£+ - “ | —-1).,f = —x.
(x) 271 (1 —x) <n< 4 m? () 27
(Dittmaier 1993)
o ISRO(e).

1
fsoft, ISR = [/ P (x) dx}

_ <2|n(1—x0)+x0+1 g)
0 O(a) 4 2
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soft region effects

0corr(v/s): differences between exact and resummation
method

total crossection, born vs 1-loop corrected version

T
diff between exact 1 loop and resumm ———

Oexact — O resumm -
O exact !

1 different de-
scriptions in
soft regime

relative corrections

1
1000
sqrts(s)
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