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The model

* Leptogenic Supersymmetry

SUSY scenario characterized by cascade
decays with copious lepton production;

Striking signatures that can be probed with
just 1 fb-1 at LHC @7 TeV

= Long-lived sleptons

= Several Isolated leptons g——  LeproSUSY Spectrum
= Energetic jets /& :

= No MET T e S5

* Copious Higgs production... e o)

V.Sanz et al. Phys.Rev.D80:035010,20009.
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The model (cont’d)

O prod (fb)
15000}
mg 2000 GeV |
i 4.8 I
i 10000
Input na 2.2 _
N4 6.7 r
tsan"d 10 5000
A gnp + _
m; | 1938 | my, | 949
mes | 291 | mg, | 920 I
m: | 676 | my | 952 —_ . §(TeV)
my | 676 | my | 919 8 10 12 14
mg | 353 | mg | 920
o | w2 | o | e | g Cross section at 7 TeV of order 1400fb
mi | 115 | mp. | 108 No major sources of physics background
mp+ | 387 | ms | 236 Qi P :
o s | e | 106 signal efficiency expected to be high
mpy, @ 379 | my | 249

Table 1: A sample spectrum calculated with SUSY-HIT.
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Final states Topologies

® Production mechanism: pair production of squarks

® Background: 2 jets + many leptons

=< 4 Leptons (2 slow) » < 6 Leptons (2 slow)

Xi.2.3

“a i g s i
J { J
{

e Signal (Higgs Production)

"{ / h ,"LIL'T"
ey Higgs in this scenario decays in bb pair
=< 2 jets + 2 b-jets

; m 4 leptons
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Analysis Strategy

* Given the presence of slow leptons, we can use
a dedicated slow muon trigger

* Given the large jet multiplicity we require at least
4 jets in the event

» 2 of those jets should be b-tagged if searching
for Higgs

* With these cuts, virtually NO SM background (as
opposed to CMS that does not have a dedicated
slow objects triggger)
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Tools

 We are using a customized ntuple (Simona )
« Easy to add information and decouple from the the athena
framework

Easy to add information and learn on the way what AOD really
contains....

®eo6 X/ ROOT Object Browser
Eile ¥iew Options Help
X CollectionTree ] o [ Qo el w] Option | -]
All Folders [Contents of "/ROOT Files/EvtNtuple.aan.justSignal.FullSim.600evt.root/CollectionTree"
oot s BCID 3 Event 3% EventFilterinfo % Eventhumber % IEvent Lo
L;] PROOF Sessions & LVL1 Trigger Info & LWL Trigger Type & LVL2Trigger Info & LumiBlock & Run & FRunMumber
LTIF UsersisimonarolliiDesktop/sime 3% StatusElement % Stream1 _ref 3 StreamESD_ref A streamTaghame 24 StreamTagType 3% Time
(EQROOT Files % Token e Weight IheleE YeleEMweight % eleEP R eleET
=] Bvttituple san iustSignal.FL | g ojcpa, 3k elelsEM e elePHI e elePT e elePx helePy
=3 L2 il ThelePz I elePioneight % hepE 38 hepEta, e hepGencode  Fy heplD
gstremTagNme s hepM 3% hepNDecay s hephParents  §h hepPx s heppy I hepPz
L streamTagType 3% hepPhi 3% hepistiD 3 hepical 3 hepicia2 3% hepicia3 3% hepiciad
3% hepimot 3% hepimo2 3% hepimo3 3% hepimod nietE0d % ietEMFRO4
[ ] We a I SO u Se D 3 P D a S s ietEMFR_T e ietETO4 FhietETA04 FeietETAT FeieteTT FhietE T
FhietFlavardd  JietPHIOS ietPHI_T e ietProa FeietPr_T FhietPvoe

d d f S U S Y ety T hietPzod SrietPzT Fietweightos 3 missingET e missingETPHI
p rO U Ce O r PemissingETR  FpmissingETY  FymuChi2 e muE s muET s muETA
’ &muHPT &mulso &muLPT &muPHI &muPT &muchi2

ana IyS es (J (@) rg e ) Feneke Frnhep 3 nietod et Sy rmu

A | |

178 Obiects.
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Event Cleanup

* Implemented pre-selection and Overlap Removal using:
UserAnalysisSelectionTool (Ketevi)

UserAnalysisOverlapRemovalTool (Ketevi)
. ToolSvc.UserAnalysisSelectionTool.ElectronIsEMFlag="Medium"
. ToolSvc.UserAnalysisSelectionTool.ElectronEtaWindowCut=False
. ToolSvc.UserAnalysisSelectionTool.ElectronEtaWindowCenter=1.445
. ToolSvc.UserAnalysisSelectionTool.ElectronEtaWindow=0.075
. #ToolSvc.UserAnalysisSelectionTool.ElectronlsolationEt=10.0*GeV // not available
. ToolSvc.UserAnalysisSelectionTool.ElectronPt=10.0*GeV
. ToolSvc.UserAnalysisSelectionTool.ElectronEta=2.5

. ToolSvc.UserAnalysisSelectionTool.MuonPt=10.0*GeV

«  ToolSvc.UserAnalysisSelectionTool.MuonEta=2.5 C | eanu p C uts
. ToolSvc.UserAnalysisSelectionTool.MuonMatchChi2=100.0
. ToolSvc.UserAnalysisSelectionTool.MuonlsolationEt=10000.0

. ToolSvc.UserAnalysisSelectionTool.JetPt=20.0*GeV
. ToolSvc.UserAnalysisSelectionTool.JetEta=2.5
. ToolSvc.UserAnalysisSelectionTool.BJetLikelihood=-10.0

. ToolSvc.UserAnalysisSelectionTool. TaudetPt=20.0*GeV
. ToolSvc.UserAnalysisSelectionTool. TaudetEta=2.5

ToolSvc.UserAnalysisOverlapCheckingTool.OverlapDeltaR=0.2
ToolSvc.UserAnalysisOverlapCheckingTool.OverlapDeltaRWithJets=0.4
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Final State Objects

* Collections used.: =) =
ToolSvc.UserAnalysisPreparationTool.InputContainerKeys = [ -l
"ElectronAODCollection", - — g mi
"StacoMuonCollection", - — s |
"TauRecContainer", - ol
"AntiKt4H1Topodets", 0 i
"PhotonAODCollection", ; -
"CaloCalTopoCluster", . Yoo W W e w0k
"TrackParticleCandidate" 00 v
] L R P - e
* Final state objects distributions -l
Lepton and jet multiplicity - .
I — 1
« Trigger Efficiency (offline and simulated) e
* Analysis cuts efficiency
Expected events |
N(jets) = 4 G . S

Btgging
Preliminary Btag efficiency for Jet Probability and default SVO+IP3D Tagger

10/22/10 Simona Rolli - DOE site visit 2010 8



Trigger

NERSED
7> 7,

o .
.1!‘. m, \.\

e Possible to measure the mass and velocity of slow moving particles (8 <1) directly.

e L1->Long lived particles are identified as muons

e L2 -> Algotithm measure the particle’s velocity (B) using the time resolution panel of
the RCP panel

10/22/10
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Offline Trigger Efficiency

* Before Trigger Simulation, we select events with a single
slow muon with PT > 25 GeV and > 0.5

Signal only:2062/2402 = 85.8%
Background:6164/7308 = 84.3%
In agreement with trigger efficiency as from simulation (89.9%)

e Using Trigger Simulation, we looked at events passing

L2 mu20_slow:

10/22/10

89.9588%
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Trigger Efficiency Turn-on

e L1->Long lived particles are identified as muons (L1_MU10)

e L2 ->Algorithm measure the particle’s velocity (B) using the time resolution panel of
the RCP panel. Low background rates. (L2_mu20_slow)

L1_MU10 Trigger efficiency vs u-girl muon pT | . L2_mu20_slow Trigger efficiency vs y-girl muon pT |
£ | £
w w
1 - - §0 -‘0- f-_o_-? 1] T T - "y 1 ” . *
f * ‘ > 2 d| | + N’ L LTt
t 1 ++T. ],
oosf{| ' T 79 1T | B - «._ ,3#
s . | F ¢ LA T
0.9+ | 1T o . + | [!]
0.855'— + 0,5:‘_ +*
08 [ !
E o+
075— ‘#+ 04—
0.7 L1 |
0.65 - 02r
B e L ] T ] e e 25 [ L
0 100 200 300 400 500 %" 90 200 300 400 500
P, [GeV] P, [GeV)
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Event selection

Strategy
trigger on slow leptons, ask for high jet multiplicity, require b-tag

* Current Selection:
Trigger on 1 Slow Muon
Offline: 1 slow muon PT > 25, eta<2.5

At least 4 jets with ET > 25 GeV eta < 2.5

= Several jet multiplicity cuts to optimize S/B were tried before, now with preselection 4
seems ok

Following theory paper suggestion in disregarding the first 2 jets....

Jet 3 and 4 with btag weight cut > -3,-2,
= Several tag weights used to calculated tagging efficiency and Rejection factor

JetProbability also investigated with JetProb cut at 0.1
« Calculated signal retention and background elimination (S/B)
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How many events in 1fb-1?

® Assuming a cross section of 320 fb for Higgs-only events
and 1080 fb for background

Passing Signal Bkg

Trigger 85% 272 218

> 4 jets 60%, 26% 192 280

4 jets with cuts| 52%,20% 166 216
2 bjets | 1-6%, 1-0.5% 35-20 |0-5
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Conclusions on Rates

« Leptogenic production and decay of a SM-like light Higgs
would happen with virtually no background from Standard
Model (SM) sources and heavy flavor tagging can be used
with relatively high efficiency to select the decay products of
the Higgs.

« As more standard production modes of a light SM-like Higgs
present prohibitive backgrounds for the LHC experiments at 7
TeV, this analysis is quite unique in that it can provide first
evidence for a Higgs boson in the mass range favored by the
current theoretical fits of electroweak data and with the
statistical sample achievable at the end of 2011.
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Preliminary Look at data

Unfortunately the slow muon trigger is not operational yet
So we looked at data passing the regular muon trigger

—
C —MC

sof» r = DATA - ~— DATA
=] . |
ol \ ® Only 2 events passed « Relaxing the cuts
ol selection by
: e NO L2_slow_mu20 ¢ Niep
2| trigger included ® Njets > 2
i e Both histograms
"l —IL normalized to 100 /
° ’ " 10 20 N ] 30
50% / — MC
: : — DATA
“f !
’°;{ e Data corresponds to: &l
il Period A-D 0
; an |
oj T A ‘
g ~ 2 - o~ - 6Rooco M7‘0“ Jr:‘:nd «:om. o
% 10 20 30 40 n5‘0 60 70 B8O 90 100

Reco Mass 3rd and 4th Jets
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Btagging studies (Simona)

e Select the proper tagging cut for (SV1+I3PD cut) and Jet
Probability

> 4 jets Signal

Weight Cut Jet Prob<0.1 |W> -1 W>0
e(b) 68.8% 62.7% 54.7%
Mistag rate 4% 1.7% 0.07%

> 4 jets Background

Weight Cut Jet Prob<0.1 |W> -1 W>0
e(b) 82% 64% 61%
Mistag rate 3% 1.4% 0.07%
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B-tagging performance estimators

NERSED
y 7,

'}

v
,\‘ln"& t”l’

)
>

B-jet efficiency ¢, as function of weight cut:

+ Denominator:
= jets defined as b using MC truth
< with fixed p; andn cuts (p;>25 GeV/c, In|<2.5)

¢+ Numerator:
= ditto + cut on a tagging weight

Light-jet rejection R =1/ ¢,
R=100 means 1% mistag rate

4
¢+ lightjets:u, d, s, g
B-jet efficiency as a function of P+ and n

¢+ Denominator:
= jets defined as b using MC truth
- with fixed cut on weight (SV1 > 3, LHSig > 0.9, ...)

¢ Numerator:
= ditto + cut on p; and n
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Weight Cut

* From the b-tagging official page:
(https://twiki.cern.ch/twiki/bin/view/AtIasProtected/BTaggingFAQ#Choosing_a_cut_vaIue)

+ By cutting on the b-tagging weight, you choose a working point defining
a certain b-tagging efficiency eps b and a level of rejection of light jets
R_u. This choice is very analysis-dependent (mostly via jet pT/eta
spectra), therefore the b-tagging group does not recommend a cut. In
addition, the relation between the cut value and (eps_b, R u) is not
univoqual: it depends on the sample, the release and the b-tagging
calibrations.

* We did efficiency and rejection studies varying the cuts
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Efficiency and Mistag

= g Btagging Efficiency - s wei H i Btagging Efficiency
‘ Leptosusy nggs SIQnaI | —— j::iiﬁ:ﬂ::z g:::::x:::hﬁ:g::gﬂ ‘ Leptosusy nggs Slgnal | Jet 3 Effici Default Weight > weightCut
> 1.2 7 T 7 77 1 —e— 'Jl:::::::a::::::m:“:::::;g::g:: ™12 T T T T T T T Jet 4 Effici Default Weight > weightCut
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Efficiency and

Mistags

| LeptoSusy Higgs Signal |

Btagging Efficiency

Jet 3 Efficiency Default Weight > weightCut

] LeptoSusy Higgs Signal |

Btagging Efficiency

Jet 3 Efficiency Default Weight > weightCut

>12— T T T 1 T T T T T ————  Jet 4 Efficiency Default Weight > weightCut > 12 T T T T T T T Jet 4 Efficiency Default Weight > weightCut
g — ——=—— Jet 3 Mistag Default Weight > weightCut g — ——+—— Jet 3 Mistag Default Weight > weightCut
2 B ——e——  Jet 4 Mistag Default Weight > weightCut g C ——+—— Jet 4 Mistag Default Weight > weightCut
(%) — =
T B i 1 ]
O ] . N a1
e 1 Signal o8- E
0.6 __ _ 0.6— —
r B 04— —]
04— — - -
- 5 0.2 —
02— — B .
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PT of the Jet W i >
. Btagging Efficiency e g h t O
’ LePtOSUSy H IggS Bac kg rou nd | ——=a——  Jet 3 Efficiency Default Weight > weightCut
——=—— Jet 4 Efficiency Default Weight > weightCut
> 1 2 = 1 7T | L T %o Jet 3 Mistag Default Weight > weightCut
g — ——sa——  Jet 4 Mistag Default Weight > weightCut
(7] ~ 1 : i ic
§ - — ‘ Leptosusy nggs BaCKground | ki j:«c; Default Weight > weightCut
= — — —— S S — Jet4 Default Weight > weightCut
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Efficiency and Mistags

Btagging Efficiency

| LeptoSusy Higgs Signal |

\\Il\\lll\lll\\lll\lll\l

e e b e b b b b |

LI L L B B BB A B

Jet 3 Effici Default Weight > weightCut
Jet 4 Efficiency Default Weight > weightCut
Jet 3 Mistag Default Weight > weightCut
Jet 4 Mistag Default Weight > weightCut

- - Biagging Effici
l LeptoSusy Higgs Signal | e ets Efficiency Default Weight > weightCut
———— Jet 4 Efficiency Default Weight > weightCut
212 \ T T ——=—— Jet3 Mistag Default Weight > weightCut 212
c [ ——e——  Jet 4 Mistag Default Weight > weightCut c
o - 2
7] = g L
£ - - G !
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06 B 0.6
0.4 . ] 0.4
o2 L . 0.2
C i 0
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| LeptoSusy Higgs Background |

Btagging Efficiency
——=——  Jet 3 Efficiency Default Weight > weightCut

——«——  Jet 4 Efficiency Default Weight > weightCut
———%——  Jet 3 Mistag Default Weight > weightCut

a 1.2?‘ L I T — = Jet 4 Mistag Default Weight > weightCut
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A closer look at Jet Probability

Since Jet Probability is one of the early data taggers, we looked
at the behavior of Jet Probability for the third and 4th jets before
and after applying the most SV1+I3PD cut to the same jets (we
saw before that SV1+I3PD Weight > 0 gives a very high purity
in terms of Truth Flavor (that we can check)

The idea is to find a good cut on JetPro (we selected < 0.1) to
use such tagger independently from the others

We also note the difference between the signal (coming from
Higgs) 3rd and 4th jet Jet Probability distributions and the
background (spurious b-jets and mistags)
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InvMass studies (Simona and S.Chekanov)

is a program that has been written at ANL to execute general searches
using high E; reconstructed objects (J.Boomsma & S.Cheknov)
It takes as input ntuple created by the package, which creates
ntuples with up to 7 particle types stored in AOD/DPD, after using selection cuts
defined by the user and performing an overlap removal. The package is now
optimized for photon searches and we took it “as-is”.

006 X| Old ROOT Object Browser
File Miew Options Help

|‘jinvariant_Mass;1 Ll EEI.-f' b Fss il Option v
All Folders | Contents of "/ROOT Files/InvMass_justSignal_ful. NTUPLE.root’2_body_decay;1/invariant_Mass;1"

(Jroot |k inv_ElectronElectron;1 |A inv_ElectronGamma;1 |k inv_ElectronJet;1 |A inv_ElectronMuon;1 |k inv_ElectronTau;1

1PROOF Sessions |4 inv_ElectronZboson;1 |4 inv_G: G 1 |dainv_G v L inv_GammaTau;1 |da inv_Gammazboson;1
(iusersisimonaivorkareal1S.5.07 | gy jny_letGamma;! |da inv_Jetet;1 |da inv_Jethtuon;1 |da inv_JetTau;1 |da inv_Jetzboson;1

&l RPUT Files Lk inv_MissingElectron;1 |A inv_MissingGamma;1 |A inv_MissingJet;1 |A inv_MissingMissing;1 |h inv_MissingMuon;1

B InvMass_justSignal_full.NT |A inv_MissingTau;1 |A inv_MissingZboson; 1 |A inv_MuonMuon;1 |A inv_MuonTau;1 |A inv_MuonZboson

o ’j?ébo |A inv_MuonZboson;1 |A inv_TauTau;1 |h inv_ZhosonTau;1 |A inv_Zhoson Zhoson;1
R i

=433 _body_decay;1
(LJinvariant_Mass;1
(_Jsum_Pt;1
" =434 _body_decay;1
l"' I) » ( _Jinvariant_Mass;1
(Jsum_Pt;1

2-body JetJet

4-body JetdJetMuMu(tau)
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FullSim 2-body

10 TEV sample

inv_JetJet

inv_JetJet

Entries 4525

200
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TTTJTTTIJTTITITT III]IIIIIIIl]IIlI

PRI

Mean 90.26
RMS 55.89

InvMass
2-body

il i ool o o b b L Ly

10/22/10

o 100 200

FIEEN
300 400 500 600 700 800 900 1000

Reco Mass Higgs IshMassHiggs | | Reco Mass Z | | IshMassZ
r Entries 384 s Entries 384
L Mean 87.11 C M 63.58
o g ean L
L RMS 18.22 16:_ RMS 20.05
a__ 14:—
r 12:—
of Parton «
i : o
¢ levellinfo ;
i s
2 C
[ 2
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~
}
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FullSim 3-body

Ishd44 ISh66
; u/ Mass mu1 == = |Mass ta2 | Entries 981
h. ) e - Mean 2481 1000 Mean 249.1
-~ b p RMS 5.716e-05 [ e S324e 0%
_______ Cmm——- L
Py v S “ gm0y C 800
i - () H2lT2) 401 i
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pp — - i
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20_— L
10 P
ol i b b b b biaaa bisaa Ly -u.lnul b b b b b L L
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Entries 2955
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FullSim 4-body
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Inv Mass preliminary conclusions

* |nvMass seems a suitable tool to look for resonances,
and indeed we see structures in our sample
e The studies were very preliminary

Old sample

No cleanup
No slow muon collection and trigger selection

* We would be interested in using it further and implement
the missing pieces for our analysis
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Conclusions

* We have an interesting model to study
Leptogenic SUSY with large lepton/jet multiplicity signal and Higgs production
 We have developed tools to look at our events
eviNtuple
D3PD
Implemented clean-up and preselection cuts
 We have a preliminary analysis strategy
Expected number of events
We have looked at b-tagging efficiency as function of PT and eta
SV1+I3PD Weight
Jet Probability
We have looked at the possibility of using InvMass searches code (Argonne)
Need to implement the slow muon recognition
Possible base for a signature based analysis?
We need data!
Trigger operational in the next few weeks...
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* S.Rolli Argonne Analysis Jamboree,
January 2010

* S.Rolli Argonne Physics Meeting,
September 2010

* J.A. Benitez HSG5 working group,
September 2010
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Short Term Association

 Wendy Taylor, S.R. and Ketevi
Assamagan co-signed a request
for a short term association to
ATLAS on bhealf of Prof Veronica
Sanz (June 2010)

 Short term association was
approved at ATLAS CB of October
8th.

Proposal for ATLAS Short-Term Association
for Dr. Veronica Sanz

Ketevi Assamagan, Simona Rolli, and Wendy Tayvlor

June 16, 2010

In this proposal, we request that De. Veronica Sanz be considered for
a short-term asseciation with ATLAS. Dr. Sanz is an Assistant Professor
in theoretical particle physics at York University, Toronto, Canada. The
existing ATLAS group at York University is led by Dr. Wendy Taylor, and
is associated with the ATLAS TRIUMF institutional cluster. Dr. Sanz
is interested in collaborating with Dr. Taylor's group, and with ATLAS
members Dr. Ketevi Assamagan and Dr. Simona Holli, on a search for
Lepto-SUSY at ATLAS. Dr. Sanz is uniquely qualified to contribute to this
analvsis, as she developed the phenomenology of Lepto-SUSY, as deseribed
in her paper Leptogendie supersyimmetry, Phys, Rev, D80, 035010 {2009).
The D@ and CDE ¢ riments at the TeVatron have excluded a light
1 iggs with a mass in the range 162-166 GeV/c®. If
the SM Higgs is light, the dominant decay is to bb, which is plagued by QUD
backgrounds, whereas decavs to clean final states such as diphotons or ditaus
are very rare. This is alao the case in most extensions of the SM. resule,

the discovery of a light Higes at the LHC may reqguire high statis and a
good understanding of the detector. However, if the Higes to bb decay were

vy multiple leptons in the final state, suppression of the QUD
uld be very effective, making an early Higgs discovery possible.

background
Leptogenic supersymmetry is a class of supersymmetric models that vield
a complex state of Higes bosons plus multi-leptons.  In the Lepro-SUSY

model, Higgs bosons produced in eV proton-proton eollisions would de-
cay predominantly to bb in association with two high-py jets, two high-pr
leptons and two sleptons. This characteristic signature of a Higes decay to
bbb produced in association with six isolated high-pr objects provides a very
attractive seenario for an carly Higes diseovery at the LHC. Sinee the so-
persvmmetric cascade
section of the Lepto-SUS
the TeVatron.
Preliminary Lepto-SUSY studies indicate that a Higgs discovery could

y is initiated by heavy sguarks, the total cross
Y signal is 1.5 pb at 7 TeV, but less than 1 fb at

1
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Cross Section:LHC vs Tevatron

TeVatron .4 for a pair squarks
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*1) 7 TeV pp
*Production cross section: 1.45 pb ( 240fb for Higgs).
*g-q initial state is 70%, g-antiq is 20% and g-g is 10%.

2) 2 TeV ppbar
*Production cross section is 159.8 ab (attobarns)
-g-anti q is 159.5 ab (99%).
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SUSY Trigger meeting - 22/03/2010 *» i

’\
IENg LA™

mu20 slow is part of the physics menu

t has been specifically designed to trigger on heavy
ong lived charged particles

t modifies standard muon triggers to measure 3

0O Recover the cases in which no inner detector track is
associated to muon spectrometer hits

* low B candidates or charge flipping R-Hadrons
O Improve efficiency for low B in EF

It has very low bkgd rates at 10 and 10*

It can be activated as soon as RPC and MDT timing are
well calibrated
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