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Setup ]

@ Assume SUSY discovered early on at LHC
@ Want to determine broad characteristics of underlying theory

— Can we determine if gaugino masses are universal independent of actual
model?

Assume MSSM with gaugino masses obeying Mirage pattern
My @ My @ M3 ~ (140.66cr) : (2+0.2c) : (6 — 1.8c)

Can we demonstrate v # 0 using a relatively small amount of luminosity?
Approach: determine observables which are sensitive to small changes in «
with other SUSY soft terms held fixed

Won't assume measurement of sparticle masses, will assume knowledge of
soft term inputs (need to start somewhere)



Method )

@ SUSY “base model” defined via low scale soft terms and choice of «
tan 3, m%_/u, m%,d
M3’ Al’: Ab’ AT
mQy o5 MUy 55 MDy 55 MLy 55 ME;
meQs, Myz, Mpy, My, Mg

* Vary a from -0.5 to 1 in steps Aa = 0.05
* My and M, determined relative to M3 via Mirage ratio

Each point of « line generate 100k events (~ 5 fb~1)
Model point data generated via PYTHIA 6.4 + PGS4 using level 1 triggers

SM background sample: 5 fb~! of top, bottom, dijets and gauge boson
production (both single and double)

@ Appropriately weight SM background to include with each signal sample



Method cont’d

Initial object level cuts

[ Object [[ Minimum pr [ Minimum [n] |

Photon
Electron
Muon
Tau
Jet

20 GeV
20 GeV
20 GeV
20 GeV
50 GeV

Event level cuts

* Hr > 150 GeV
* Transverse sphericity St > 0.1

* Hr > 600 GeV or 400 GeV (events with > 2 leptons) Hr =1 + >

Signatures found using ROOT based analysis package Parvicursor
http://www.atsweb.neu.edu/ialtunkaynak/heptools.html#parvicursor

jet
jets pT

Start with hundreds of signatures — remove redundancies — 128 sigs



Signatures |

o Initial set of 128 signatures = 46 counting + 82 kinematic distributions
* Signatures applied to specific final state event topologies
i.e. [> 2 b-jets], [> 1 leptons, < 4 jets], etc
* Counting: OS dilepton, trileptons, 2 b-jet, etc
* Kinematic distributions: pr, Miny, Meg
* Integrate distributions over appropriately chosen ranges to obtain counts

@ Minimum luminosity required to separate two models using n sigs at
confidence level p:

2
Amin(n P) (UA — O'B)
Ly, = ——1—2 Rag = Rar). = i Tl
min RAB AB Z( AB), z/: 0'}4 T O'I-B
@ Want to select set of n sigs so Lyin(p) is small as possible over wide array of
model pairs A and B

@ Need to do our best to ensure signatures minimally correlated



Best Signatures |

For an « line can we distinguish a # 0 from “data”, i.e. a =07

— For two models A & B compute (Rag); for 128 signatures
— Select signatures which best detect changes in « for this model pair

Determine best signatures for other model pairs

Average over ensemble of models to determine which sigs best at tracking
changes in « across different model inputs

Partition data according to final state topologies to minimize correlations:

Njets < 4 versus Njegs > 5,
Nlcptons = 0 versus Nlcptons > 1.



Optimal Lists

o Ultimately form 3 lists which best track changes in «

@ Single most effective signature to distinguish models

Description Min Value | Max Value
1 [ M =Er +> .5, %" [All events] | 1250 GeV End
Slgnature List A
@ Best signatures with maximum correlation of 10%

Description Min Value | Max Value

1 M'gs [0 leptons, > 5 jets] 1100 GeV End

2 %y [0 leptons, < 4 jets] 1450 GeV End

3 & [> 1 leptons, < 4 jets] 1550 GeV End

4 PT(Hardest Lepton) [> 1 lepton, > 5 jets] 150 GeV End
5 Mfre“tf [0 leptons, < 4 jets] 0 GeV 850 GeV

Signature List B




Optimal Lists |

@ Allow correlations as high as 30%

@ First instance of true counting signatures

l

[ Description

[ Min Value | Max Value ]

Counting Signatures

1 N, >1 Ieptons, < 4 jets]
2 Nyt o— [va = Mz +£5 GeV]
3 Ng [> 2 B-jets]
[0 Teptons, < 4 jets]
T M 1000 GeV End
5 jets 750 GeV End
6 i 500 GeV End
[0 Teptons, > 5 jets]
7 Mzt 1250 GeV 3500 GeV
8 Fiet [3 jets > 200 GeV] 0.25 1.0
9 pr(4th Hardest Jet) 125 GeV End
10 | /MY 0.0 0.25
[> T leptons, >5 jets]
TN oVl 0.0 0.25
12 pT(Hardest Lepton) 150 GeV End
13 | pr(4th Hardest Jet) 125 GeV End
14 | By + Mg 1250 GeV End

Signature List C

Fiet E( et3+pjet4>/( etl_’_pj_ﬁtQ)



Results: Benchmark Model B )

@ Predicts a >~ 1
dominant processes

qg — qg, 88 — tita Compared to alpha = 1.0
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Model B List A and C J
e List C
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Controlled Sample

@ 1449 model points varied in a controlled manner

Input Parameter Range Variation

400 GeV > M3 > 800 GeV 5 steps

400 GeV > p > 1000 GeV 5 steps

300 GeV > (méL,w m;LYR) > 700 GeV 5 steps

500 GeV > (m@L7 Ma,, My, s mEL7R) > 1000 GeV 5 steps
tan 8 =10 Fixed
ma = 1000 GeV Fixed
Ar, At, Ap, Ae, Ay, Ag =0 Fixed

Largest Production Channel

[ Mode [a:O[a:O.33[a:0.66[a:1.0]
gg — BF | 44.6% | 452% 42.9% 44.8%
fg — Gr& 31.1% 30.2% 33.1% 35.7%
fg — g | 243% | 25.5% 23.9% 19.4%

Second Largest Production Channel

[ Mode [a:O[a:0.33[a:0.66[o¢:1.0]
gg — 88 2.7% 2.1% 2.8% 1.4%
fg — gr& 42.0% 48.8% 47.5% 45.2%
fg — g8 42.0% 47.1% 49.6% 53.3%

fif; — 0%E | 132% | 1.9% - -




Counts for Signature 4
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List B

Bi=pr(#16)[>1¢ >5]]

By=Mg" [>1¢ <4]]
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List C
Co=pr(#4j)[0¢ >5j]
Cu=6r/MEF [>1¢, >5]]




Ensemble of Models )

@ How well do the lists fare on general SUSY models?
@ To test procedure, apply to ensemble of 500 random models

60

e Each model has 0 < a < 0.5 in steps
of Aa=0.1

300 < mg, mg, M3, pu <1200 GeV
2 <tanf <50, may = 850 GeV

o Generate 100k events for each of 6
points along « lines
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Ensemble of Models )

Percentage of random models that can be distinguished
Top plots compare aw = 0 to o = 0.1; bottom plots compare « =0 to o = 0.3

100s F
953
802 -
60 |
40 |

20%

0% |

100% F
95¢

80 |-
60 |
40 b

20%

L min (o) Number of Events



Outlook & Conclusions J

First step toward determining gaugino universality at LHC

Demonstrated effectiveness of using targeted observables albeit in an artifical
scenario

Under our assumptions and framework LHC can determine gaugino mass
non-universality

—

—

10% level with 25-50 fb™! over 80% of investigated parameter space
30% level with 5-10 fb™! over 95% of investigated parameter space

Outlook and improvements

*

*
*
*

Response of lists to other SUSY parameter variation

Generalized gaugino mass parametrization

Fully remove model dependence

Include inclusive kinematic measurements: endpoints (m,T,2 — m,;,l), mr2, etc

Thank You!



s & b5

2

Branching Fraction

Model B List B )

(Rah )i (Rah )i

60 2

50

% 15

kLl 10

20
5

10 .

0 et il 0 T 4
0 02 04 06 08 1. 0 02 04 O 08 1.
Gaugino Mass Non-Universality Parameter (¢ Gaugino Mass Non-Universality Parameter (1

List B (RAB)i
Left: solid M’$t° [0 ¢, > 5 j], dash M} [0 ¢, < 4 j]
Right: solid M35” [0 £, < 4 j], dash M35 [> 14, <4 j],
dot pr(#1 ) [>14 25]]

! 00 0.0 0.2 04 0.6 : 08
solid: 1 — €1 solid: C; — NyW
dash: t; — Nit dash: El _’?1[-7

dot: ?1 — Kllc




