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To appear, arXiv/0706.xxxx [hep-ph], featuring CFB, James Gainer,
JoAnne L. Hewett, Ben Lillie, Thomas G. Rizzo
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The LHC Inverse Summary of results of “The LHC Inverse Problem”,

Problem —

Summary how to map from observables to a Lagrangian

SUSY at the ILC m SUSY at the ILC
Sample Results — Standard Model background and analyses for
Slepton Analyses SleptonS

Summary and
Outlook

Results for sleptons (preliminary!)
Summary and outlook

Part Il — charginos = Tom Rizzo’s talk
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Introduction

The LHC Inverse What's in a hame?
Problem — .

Summary Theorists: parameters =- observables

S e Experimentalists: observables = parameters

N. Arkani-Hamed, G. L. Kane, J. Thaler, L.-T. Wang, Supersymmetry and the LHC inverse
problem, JHEP 0608, 070 (2006) [hep-ph/0512190]

Question: parameters < observables — a one-to-one

map?

Parameter Space Signature Space
A A

Sample Results —

Slepton Analyses o / \ @

Summary and
Outlook

SUSY at the ILC
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Introduction contd.

hep-ph/0512190: scan over (restricted) MSSM
e s HVEISE parameter space, simulation of different “models”.
el Cxistence proof: there are distinct MSSM models
that are indistinguishable at LHC with standard set of
observables even without SM background.

The LHC can only measure mass differences

accurately, initial state (= c.m. energy per collision)

not well defined.

SUSY at the ILC In addition, multiparton final states dominate. In
general, “messy” final states = soft particles not

Sample Results — Lo

Slepton Analyses visible .

Summary and
Outlook
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Introduction contd.

hep-ph/0512190: scan over (restricted) MSSM
e s HVEISE parameter space, simulation of different “models”.
el Cxistence proof: there are distinct MSSM models
that are indistinguishable at LHC with standard set of
observables even without SM background.

The LHC can only measure mass differences

accurately, initial state (= c.m. energy per collision)

not well defined.

SUSY at the ILC In addition, multiparton final states dominate. In
general, “messy” final states = soft particles not

Sample Results — Lo

Slepton Analyses visible .

Sy Question: given the list of MSSM “models” that
B turned out to be indistinguishable at the LHC in
hep-ph/0512190, can the ILC distinguish them, using
which observables?
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A Typical Degenerate Pair — Example 1

The LHC Inverse
Problem —

Summary

e A Typical
Degenerate Pair —
Example 1

THIS SUMMER
IT's FINALLY SAFE TO GO BACk
IM THE WATER.

fliipper

SUSY at the ILC

Sample Results —
Slepton Analyses

Summary and

LIS “Flipper”: mass of LSP fixed, but identity changes
between mostly bino/wino and mostly Higgsino
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A BEEER A

inkworks

“Slider”: mass differences roughly the same, but

shifted by about 100 GeV.

Carola F. Berger
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A Typical Degenerate Pair — Example 3

The LHC Inverse
Problem —

Summary

e A Typical
Degenerate Pair —
Example 3

SUSY et [ “Squeezer”. mass differences between

. electroweakinos too similar — decay products too
ample Results —

Slepton Analyses soft

Summary and
Outlook
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Our Project — Overview

UGIIIBIEE: = Simulate signal events with Pythia, and feed Iin
Summary appropriate beamspectrum generated via
SUSY at the ILC Whizard/GuineaPig, including ISR, beamstrahlung,

o OurProject— beamspread

Overview
= Add SM background (1016 different processes),
produced by Tim Barklow, stored on SLAC tape

. = Pipe through detector simulation

ample Results — ) .

Slepton Analyses Java-based detector simulation, code developed by
Summary and SLAC ILC group: org. | csi m SID detector concept

Outlook

= Analyze 500 fb ! of “data” with appropriate cuts
Several iterations necessary to find best cuts
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Characteristics of Signal Models

Sparticle counts

The LHC Inverse 250
Problem —
Summary

SUSY at the ILC 200

e Characteristics of
Signal Models 150

100

Sample Results —
Slepton Analyses

Summary and 50
Outlook

Accessible at 500 GeV, 1 TeV c.m. energy
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Analyses

UGS Selectrons — electron-positron pair plus LSPs
Summary (miSSing ET)
SUSY at the ILC = Smuons — muon-pair plus LSPs (missing  E7)
= Staus — tau-pair plus LSPs (missing  Er) - tau ID!
= Charginos — several sub-scenarios depending on
Ams = Mot — My
Sapareais = 0 Am, > 1 GeV —jets and/or us plus LSPs
epton Analyses . . .
0 my < Amg < 1 GeV —radiative, tag on high-E
T photon
0 Amg < m, —Mmassive, stable, charged track

Radiative Neutralinos

e Analyses

Carola F. Berger BNL 2007: New Horizons at Colliders — May 30t  h, 2007 LHC— ! = ILCc? -11/21


http://www.cfberger.net

The LHC Inverse
Problem —
Summary

SUSY at the ILC

e Cuts

Sample Results —
Slepton Analyses

Summary and
Outlook

v~ and ey SM background nontrivial!

Cuts

Need good particle ID and tracking down to low
angles.

Cuts adapted and expanded from

B U. Nauenberg, et al., Colorado SUSY group,
htt p: // hep- ww. col or ado. edu/ SUSY/ susynl c. ht ni

B H. U. Martyn, arXiv:hep-ph/0408226
B P Bambade, M. Berggren, F. Richard and Z. Zhang, arXiv:hep- ph/0406010

B G. Abbiendi etal. [OPAL Collaboration], Eur. Phys. J. C 35, 1 (2004)
[arXiv:hep-ex/0401026]

B C. H. Chen, M. Drees and J. F. Gunion, Phys. Rev. Lett. 76, 2002 (1996)
[arXiv:hep-ph/9512230]; J. F. Gunion and S. Mrenna, Phys. R ev. D 64, 075002 (2001)
[arXiv:hep-ph/0103167]

H. K. Dreiner, O. Kittel and U. Langenfeld, arXiv:hep-ph/07 03009

Carola F. Berger BNL 2007: New Horizons at Colliders — May 30t  h, 2007 LHC— ! = ILCc? -12/21


http://www.cfberger.net

The LHC Inverse
Problem —

Summary
SUSY at the ILC
Sample Results —

Slepton Analyses
e SM Background —

Selectrons

Summary and
Outlook

Carola F. Berger

SM Background — Selectrons

E(e+,e-) —— selectron analysis —— e— = +80% pol., 250 fb*(-1), 0.5 TeV

== full SM background

events/250 fb™(-1)/2 GeV
85T = e— e+ —>nu lbar I' nubar’ (I = e,mu,tau)
80T full SM background
1 Entries : 4526
75 Mean : 104.89
1 Rms : 57.726
70 SumOfWeights : 4532.7
65T e— e+ —> nu Ibar I' nubar’ (I = e,mu,tau)
| Entries : 4092
60T Mean : 109.58
Rms : 57.145
55T [
50 " " H -
BT ‘ ” || L
H \I
30 I ‘ “ I
%"W
20
157
10T
51
0 I I I I I I I I ' I l l l l !
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

Bigger than “standard” background

BNL 2007: New Horizons at Colliders — May 30t
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SM Background contd. — pg — Selectrons

Comparison Whizard < PYTHIA:

The LHC Inverse
Problem —

Summary

e, =0 /s=500GeV 250fh’

SUSY at the ILC

new Whizard EPA

Sample Results — w =T e'e - eeup
Slepton Analyses w | total Pythiawith mstp(13)=1 a0 - o =312 fb before cuts

350 - & BEAM/TARGET =€' /€ 350 |- ey -evy,
e SM Background w [ ey - VW - Vew, w |- ey - vy,
contd. — pr — ol ey - UW' - e, i -Q, =4 GeV
Selectrons s o =557 fb before cuts o =564 fb before cuts

200 —

(no events pass cuts)

200 -

150 — 150 |-

100 —
100 —

50 —
50
0 A ‘ \ ‘ nene 4| ‘ i

0 50 100 150 200 250 300 0

1 1 f L
0 50 100 150 200 250 300

2R

(GeV) ‘ i (GeV)

=

Summary and

Outlook Thanks to Tim Barklow
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BNL 2007:

SM Background contd. —

Comparison Whizard < PYTHIA:

450

400

350

300

250

200

150

100

50

Pythiawith "gamma/€e" option for photon flux

e, =0 s=500GeV

p1 — Selectrons

250 fb™*

new Whizard EPA

total Pythia

ee -WW™ - eevi,
+ = + =+

ey -vW -vev,
ey -vW —vev,

(no Q* cut for €*))

5

New Horizons at Colliders — May 30t

(GeV)

h, 2007

450

400

350

300

250

200

190

100

50

e'e - eevy,
B o =312 tb before cuts

B ey - evy,
ey - evy,
-Q2, =4Gev
o =564 fb before cuts
(no events pass cuts)

100

5

150 200 250 300

(GeV)

10

Thanks to Tim Barklow
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Importance of Forward Coverage

events/2 GeV/250 fb(-1)

E(e+,e-) - selectron analysis, forward coverage -- e- = +80% pol., 0.5 TeV, 250 fb*(-1)

== 5 mrad forward coverage

85T == 20 mrad
== 3.5 mrad
80T
BT 5 mrad forward coverage
70+ H Entries : 3380
1 Mean : 94.718
65 Rms : 56.726
60T SumOfWeights :3380.1
55T || ‘ 20 mrad
50T | I ‘ Entries : 3728
” || || || Mean : 93.658
s || nH Rms : 56.740
“1 Jh g H ‘” j L" | ”“l H 1 | | SumOfWeights :3728 1
35 ||II || I lr‘ il |1 ‘ ” i ||' 3.5 mrad
30+ J H |l|| H ”' i | ”” H ﬂ| l H ‘| Entries : 3284
25 ”!I“Ilw H || H‘ ” Mean : 94.523
ST ”|H | Rms : 56.948
20 ” SumOfWeights :3284.1
15 H
1071 ”
|
° 0 2|o 4|o slo elo 160 12|o 1z|10 1EISO 1e|so 2<|)0 250 2z|10 ZEISO 2;30 360
E(e+,e-) [GeV]

BNL 2007: New Horizons at Colliders — May 30t
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20 mrad ﬂ’ 5 mrad iyf 3.5 mrad

LHC—1

= ILC?

- 15/21


http://www.cfberger.net

The LHC Inverse
Problem —
Summary
SUSY at the ILC

Sample Results —
Slepton Analyses

e Signal —
Selectrons

Summary and
Outlook

Carola F. Berger

Signal — Selectrons

SPSla -- E(e+,e-) —— selectron analysis —— e- = +80% pol., 250 fb"(-1), 0.5 TeV

events/250 fb(-1)/2 GeV

1,000
950 7
900
8507
8007
7507
7007
650
600
5507
500 7
4507
4007
3507
3007
2507
2007
1507
100

507

Entries : 45302
Mean : 68.528
Rms: 32.259

| | | | | | | | 1. 1 1 1 1 1 J

0

0

BNL 2007: New Horizons at Colliders — May 30t

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
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Signal — Selectrons

" E(e+,e-) —— selectron analysis —— e~ = +80% pol., 250 fb*(-1), 0.5 TeV "

events/250 fb(-1)/2 GeV = SPS3
The LHC Inverse 1,000 — SPsia
Pr —
oblem 050
Summary SPs3
900 T Entries : 6354
8501 Mean: 41.702
SUSY at the ILC Rms: 32.980
800 T SPSla
1 Entries : 45302
Sample Results — 750 Mean: 68528
Slepton Analyses 700 Rms: 32259
650
600
550
500
450
400+
e Signal — 350 T
Selectrons 3001
250
200 T
1501
100
50
| | L_l ) _—— 1 1 1 1 L 1 1 1 1 ] |

S umm al"y an d 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Outlook

E(e+,e-) [GeV.
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Signal — Selectrons

" E(e+,e-) —— selectron analysis —— e~ = +80% pol., 250 fb*(-1), 0.5 TeV "

events/250 fb(-1)/2 GeV = SPS3
The LHC Inverse 1,000 — SPSla
_ = Model 33224
Problem o501 ode
Summary
900 T SPS3
850 T Entries: 6354
SUSY at the ILC Mean: 41.702
800T Rms: 32.980
4 SPSla
Sample Results — 750 Entries : 45302
Slepton Analyses 700 Mean: 68.528
Rms: 32.259
650 T
Model 33224
600 T Entries : 15156
Mean: 53.765
550 T Rms: 21.236
5001 |
450 T ’ ‘
400 T ‘ ‘ \ ‘
|
e Signal — 350 T
Selectrons 300
250 T
200 T
150 T
100 T
50 L |
r 1 1 — ) _—— L i 1 1 L 1 1 1 1 1 ]

S umm al"y and 0 1 1 1 1 1 1 1 1 1 1 T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Outlook

E(e+,e-) [GeV.
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Signal — Selectrons

" E(e+,e-) —— selectron analysis —— e~ = +80% pol., 250 fb*(-1), 0.5 TeV "

events/250 fb(-1)/2 GeV = SPS3
The LHC Inverse 1,000 — spsia
Problem — — Model 2631
950 T
Summar = Model 33224
900 T
850 T SPS3
SUSY at the ILC Entries : 6354
800T Mean : 41.702
750+ Rms: 32.980
Sample Results — p——
Slepton Analyses 700 T Entries : 45302
1 Mean: 68.528
650 Rms: 32.259
6007 Model 2631
1 Entries : 1000
550 Mean : 85.508
500 T | Rms: 34.405
4 | Model 33224
450 ’ Entries : 15156
400 T | ‘ ‘ | Mean : 53.765
) | Rms: 21.236
e Signal — 350 T
Selectrons 300
250 T
2001 |
150 T
100 T

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

Outlook _
E(e+,e-) [GeV.
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The LHC Inverse
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Sample Results —
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e Signal +
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Selectrons
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Signal + Background — Selectrons

SPS3 -- E(e+,e-) —— selectron analysis —— e- = +80% pol., 250 fb"(-1), 0.5 TeV

events/250 fb™(-1)/2 GeV Entries :

700 T

650 T

60071

550 T

500 T

450 T

400

350 T

300

25071

20071

150 T

1007

507

10880
Mean : 68.011
Rms : 54.703
SumOfWeights : 10886

| | | | | | | | | | 1 1 1 1 J

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
E(e+,e-) [GeV
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Signal + Background — Selectrons

Model 33224 —— E(e+,e-) —— selectron analysis —— e~ = +80% pol., 250 fb"(-1), 0.5 TeV

events/250 fb"(-1)/2 Ge\

700 T

650 T

60071

550 T

500 T

450 T

400

350 T

300

25071

20071

150 T

10071

50T

Entries : 19682
Mean : 65.535
Rms : 39.718
SumOfWeights : 19688

0
0

BNL 2007: New Horizons at Colliders — May 30t
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Signal + Background — Selectrons

Model 2631 —— E(e+,e-) —— selectron analysis —— e~ = +80% pol., 250 fb*(-1), 0.5 TeV

even
7007

650

600

5507

5007

4507

4007

3507

3007

2507

2007

1507

1007

ts/250 fb(-1)/2 GeV Entries : 5526
Mean : 101.38

Rms : 54.768
SumOfWeights : 5532.7

507

| | | | | | | | | | 1 1 1 1

0t 1 1 1 1 1 1 1 1 1 1 I I I I ]I

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
E(e+,e-) [GeV.
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The LHC Inverse
Problem —
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SUSY at the ILC
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Slepton Analyses

e Sample Model
Comparison

Summary and
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Sample Model Comparison

Particle masses:

particle | Model 2631 | Model 16195
EL, fiL 190.2 459.1
Er, iR 759.8 708.7
71 177.4 528.9
Fo 842.2 552.5
X9 102.7 151.3
X 759.9 767.6
qr 750 655
dr, 3R 630.5 984.3
iR, R 700.4 787.1

1003.9 1014.8

BNL 2007: New Horizons at Colliders — May 30t  h, 2007
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Sample Model Comparison contd.

selectron analysis

The LHC Inverse events/250 fbN(-1)/2 GeV

Problem — 1007
Summary 957
90
SUSY at the ILC 85
80
Sample Results — 75-
Slepton Analyses 20-
65
60
55
50

45

40

257

35
30

| “ HW | |

== Model 2631
=== Model 16195

Model 2631

Entries : 5526
Mean : 101.38
Rms : 54.768
SumOfWeights : 5532.7
odel 16195

Entries : 4526
Mean : 104.89
Rms : 57.726

ISumOfWeights : 4532.7

)

207
e Sample Model 151
Comparison 10+
54

Summary and 0
Outlook 0

Carola F. Berger BNL 2007: New Horizons at Colliders — May 30t

50

100 150 200
E(e+.e-) [GeV.

250 300

h, 2007

smuon analysis '
events/250 fbA(-1)/2 GeV ~ Model 2631
60T = Model 16195
55— Mode'l 2631
Entries : 4340
Mean : 92.723
50+ Rms : 55.010
SumOfWeights : 4464.6
1 Model 16195
45 Entries : 2728
Mean : 94.969
€ Rms : 64.041
40 SumOfWeights : 2852.6
35T
30
257

20

15

107

0 T T T T
0 50 100 150 200 250 300

E(mu+,mu-) [GeV]
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Summary

First analysis of “random” points in SUSY
The LHC Inverse parameter space looking at a variety of
Al observables with full SM background.
= First “user” analysis with  or g. | csi mand SIiD
detector concept.
S« Sleptons: ILC can in principle distinguish between
Summaty and models that are degenerate at the LHC, by using
% polarized beams and due to accurate mass
measurements.
= In practise cuts need to be optimized, and detector
coverage as close to the beam direction as
possible is very desirable.
Low-angle tracking possibly very important
= There are regions in SUSY parameter space that
are challenging due to low number of signal events
and SM background.

SUSY at the ILC

Carola F. Berger BNL 2007: New Horizons at Colliders — May 30t  h, 2007 LHC— ! = ILC? -20/21
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Outlook

Tom'’s talk: special
Study 1 TeV case

Merge with information from cosmology and
precision flavor studies

Work in progress!
Stay tuned for the final results

feature on charginos
The LHC Inverse
Problem —

Summary

SUSY at the ILC

Sample Results —
Slepton Analyses

Summary and
Outlook

e Outlook
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