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Motivation (ll)
Beyond the Standard Model

Supersymmetry
Standard particles SUSY particles

| Quarks . Leptons . Force particles Squarks () Sleptons @ ggfﬁz “f’grce
Extra Dimensions - Hidden Valley
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DS CMLLP Models

* Consider SUSY models: CMLLPs are Next-to-Lightest
Supersymmetric Particles (NLSPs)

* In SUSY, the Lightest Supersymmetric Particle (LSP) is stable
and must be neutral from cosmology

* NLSPs can be long-lived due to weak coupling to LSP
* Consider these long-lived NLSPs:
— Staus: assume decays to gravitino LSP are suppressed

— Stops: assume stop is lightest colored SUSY particle, then
decays are suppressed

— Charginos: assume chargino and neutralino LSP are nearly
degenerate in mass
* Gaugino-like
* Higgsino-like
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The Tevatron Collider and
DO Detector at Fermilab
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wCMLLPs and Their Detector Signature,:

* Charged, massive, high pT, long-lived particles
beyond the SM

¢ Signatu re: T}I;ack}:i)ng Elegﬁroma%netic alHa('im{cl hMu:}:;n
— Look like slow, massive, photaps
long-lived muons =
— Distinguishable from -
muons with Time-of- n
Flight (TOF) and Innermos t Layer,,, —————p ...Outermost Layer

ionization energy loss
(dE/dx) measurements
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D& Signal Samples
e Signhal samples generated in PYTHIA

— staus, stops, gaugino-like charginos, higgsino-like
charginos

— stops hadronized by linking external code to PYTHIA
— 100 GeV to 300 GeV in 50 GeV steps for each signal

* Pair production only, not including cascade decays

— Considered including cascade decays, but did not give
enough boost in signal to be worthwhile

e DO detector GEANT simulation for detector
response
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Analysis Strategy

(CMLLPs) from background (muons)

Use speed (B), dE/dx, and related variables to distinguish signal

Cut hard on the kinematics to reduce the large background

— Speed and dE/dx are independent of kinematics (e.g. pT) for signal

Quasi-blinded when determining optimal kinematic cuts

— Made a kinematic selection to eliminate signal from data while we did

studies/testing
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DEJKey Variables — Speed vs dE/dx &

* Speed and dE/dx are highly anti-correlated for signal, and not forR
background

» Speed and dE/dx give high separation between signal and
background

Signal: 300 GeV gaugino-like chargino Background: Single Muon Data, mT<200
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DES Event Selection
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* At least one muon per 0 Preliminary | | — zowmoms
event, then select the hoeed — =~ Cosmic Data
highest pT muon 50000,
* Single muon trigger Booo
without tight scintillator i A |
timing cut 10000} .__.5: J} -
e Good muon quality (good 96080 =60 40 2%m2[n52]o“"40 6080700
track, isolated) —Trp
* Cosmic timing and 17| DO Preliminary cheian
acolinearity cuts ol st
* pT>60 GeV
* Speed<1 Sk y
* Speedx?/dof< 2 08 I

1j=|__§_|__'.l_l.i_1_|'|||||||||||||||||||||||||||
0 0.2 04 0.6 08 [‘?I) 12 14 16 1.8 2

Juliette Alimena 11



Mr = \/(Er + E71)? — (pe + £2)? — (py + £,)°
Most of background in this sample are W->uv events, so use a mT cut of 200 GeV, as is done in the W mass group

Background: Single muon data with mT<200 GeV
Data: Single muon data with mT>200 GeV

DO Preiiminary ¢ Single Muon Events
) K charginoH, 100 GeV/c?
1 U:l * T charginoH, 200 GeV/c?
3 g R -~ charginoH, 300 GeV/c®
@ qpls i
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liansverse Mass [GeV] S
Defines Background Defines Data
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* Normalize background to data in a

Background Normalization

normalization region

. Normalization Normalization
B> background data
B<1 Event Event
background data
mT<200 GeV mT>200 GeV

Normalized background = Background events*Normalization data events/Normalization

background events
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wsmp Charge Flipping Probablllty

BROWN

60% of stop hadrons will be charged after hadronization

* Passage through matter: after many
interactions T o

* All stop hadrons are baryons, so 2/3 ’
will be charged

e All antistop hadrons are mesons, so
1/2 will be charged o 7

* Probability of stop hadron charged at
all 3 locations =
0.6(production)*0.67(end of
cal)*0.67(end of muon system) = 0.27 el

* Probability of antistop hadron
charged at all 3 locations = s
0.6(production)*0.5(end of
cal)*0.5(end of muon system) = 0.15

/ Detectors

* Single CMLLP analysis: either stop hadron and antistop hadron can be
charged, or both can be charged

* Probability of at least one charged in all 3 locations = 0.27*(1 -
0.15) + 0.15%(1- 0.27) + 0.27*0.15 = 0.38
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DE> Analysis Method

1. Obtain speed, dE/dx, and related variables distributions
for signal, background, and data

2. Input distributions into multivariate techniques (TMVA)
 Boosted Decision Trees (BDT)
1) Train BDT on signal and background distributions to get weights

2) Apply weights to signal, background, and data distributions to
get a “final variable” (BDT output) distributions

3. Obtain systematic uncertainties

Input final variable distributions and systematic
uncertainties into CLs method to get 95% confidence
level cross-section limits
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Input Variables

Focusing on speed and dE/dx related variables
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BDT Correlations

Signal: 300 GeV stau

Background
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BROWN
Good agreement between data and background suggests little possible signal
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10°E_ D@5.21b" . D 10°E_ D@5.21b" . D:
0 Preliminar - 0 Preliminar .
1(}4 y [J Background 10* y [J Background
10° e T — X 100GeY 10° e — X, 200 GeV
107 107
£ 10 £ 10
S 5
88 64
10" 10"
102 102
107 10°
]04‘..I‘..\...I..‘I‘.‘I...I‘..\... ]04‘..I‘..\..‘I..\I\.\I...I‘..\...
08 -06 04 -02 -0 02 04 06 08 08 06 04 -02 0 02 04 06 08
BDT QOutput BDT Output

300 GeV gaugino-like chargino

10° DJ 5.2 u?" . e Daa
0 O Preliminary ) Backeround
10° o g — 5,300 GeV
e o 1
10?
2 10 T,
2 1 - -0
m
107!
10
107
10-4\..I.\.I.l.l...I.\.Ill.l...l...
08 06 -04 02 -0 02 04 06 08

BDT Output
Juliette Alimena 18



DEJ Systematic Uncertainties &5

_ _ _ BROWN
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%Cross-Section Limits (DO Preliminary)

Mass (GeV/c?)|NLO Cross-Section [pb]|95% CL Limit [pb] |Expected Limit +1¢ [pb]| BROWN
100 0.0121 0.0400 0.0263 700102
_ 150 0.00214 0.0418 0.016470:0082
Staus: 200 0.0004799 0.0113 0.00671+0.00122
250 0.000122 0.0132 0.00556 0 00517
300 0.0000314 0.00581 0.005380-0010¢
Mass (GeV/c?)| NLO Cross-Section [pb]|95% CL Limit [pb] | Expected Limit 1o [pb]
100 15.6 0.562 0.218" 006
Stops: 150 1.58 0.133 0.04901 50170
200 0.266 0.0529 0.02341960%
250 0.0560 0.0269 0.02011 90020
300 0.0130 0.0794 0.0529+0:0139
Mass (GeV/c”)| NLO Cross-Section [pb]|95% CL Limit [pb] | Expected Limit +£1c [pb]
100 1.33 0.387 0.153+0:008
Gaugino-like charginos: 150 0-235 0.0435 D'Dlﬁ_f;%:%%%s
200 0.0566 0.0195 0.00945+0- 50368
250 0.0153 0.0136 0.009881 0 00193
300 0.00417 0.0741 0.0185%0:9038
Mass (GeV/c?)| NLO Cross-Section [pb] |95% CL Limit [pb] | Expected Limit £10o [pb]
100 0.381 0.106 0.110° 9035
Higgsino-like charginos: 150 0.0736 0.0417 0.0165%9-9033
200 0.0186 0.0128 0.008520 00193
250 0.00525 0.00897 0.00716*5 00100
300 0.00154 0.0174 0.01197 000
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DES Summary

e Searched for charged, massive, long-lived partlcle'f'SFOWN
with 5.2 fb! integrated Ium|n05|ty collected with the
DO detector

* Key variables: dE/dx and Speed

* Required at least one muon per event, then study
nighest pT muon

* Cross-section and mass limits

— 265 GeV for stop o
» 281 GeV without charge flipping 95% C.L.

1 GeV for gaugino-like chargino

30 GeV for higgsino-like charging

— stau cross-section limits between 0.04 and 0.006 pb, for
stau masses between 100 and 300 GeV

* DO public results:
http://www-d0.fnal.gov/Run2Physics/WWW/results.htm
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DS CMLLP Models

* GMSB model in which NLSP is a long-lived stau

* Light chargino predicted

— Long-lived if mass difference between it and lightest neutralino
is <150 MeV

— Can occur in AMSB or models that do not have gaugino mass
unification

— Consider a case where the chargino is mostly gaugino-like, and
another where the chargino is mostly higgsino-like

e Stop predicted

— stops hadronize into long-lived charged and neutral mesons and
baryons

— Hidden Valley models predict GMSB-like scenarios where stop
acts like LSP: doesn’t decay but hadronizes into charged and
neutral hadrons that escape the detector

— Any SUSY scenario where the stop is the lightest colored particle
can have the stop as a CMLLP
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DEJ Some Useful Equations

* Average Speed e Speed ¥?
) jg, 5 1 5 — B 2
e Speed Error e Speed Significance
1 1 B
2=2 2 —L

* Pseudo-acolinearity
Aa = |A¢p + Af — 27|
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*  With BDT>0.27 cut

*  Forillustrative purposes only — not considered in analysis method

Expected Events Table

Mass (GeV) Signal Acceptance (%) Predicted Background | Observed Data
100 0.74 + 0.001(stat.) £ 0.08(sys.) | 0 £+ O(stat.) £ O(sys.) 0
Staus: 150 3.49 + 0.001 £+ 0.08 243 +£0.001 £0.18 4
200 548 £ 0.001 £0.35 1.11 £ 0.001 £ 0.08 2
250 T.14 +0.001 £ 0.43 1.24 + 0.001 £+ 0.09 7
300 7.74 £ 0.01 £0.33 2.63 £ 0.001 £ 0.20 3
Mass (GeV) Signal Acceptance (%) Predicted Background | Observed Data
100 0.01+ 0.001(stat.) &+ 0.001(sys.)| 0 =0(stat.) = O(sys.) 0
Stops: 150 0.72 £ 0.001 + 0.08 0.25 £ 0.001+ 0.02 2
200 209 £0.001 £ 0.16 0.59 £ 0.001+ 0.04 3
250 2.63 £ 0.001 £ 0.17 1.70 £ 0.001 + 0.13 1
300 275 £0.001 £0.17 3.01 £0.001 £0.23 2
350 2.57T £ 0.001+ 0.21 1.05 + 0.001 + 0.08 4
400 247 L0001+ 0.16 0.53 £ 0.001 + 0.04 1
Mass (GeV )| Signal Acceptance (%) |Predicted Background | Observed Data
. . . . 100 (0 + O(stat.) £ O(sys.) | 0% O(stat.) £ O(sys.) 0
Gaugino-like charginos: 150 | 2.54+0.001 +0.16 | 0.25+ 0.001 = 0.02 2
200 2.04 +=0.001 £0.79 | 0.17 £ 0.001 +0.01 0
250 463 £0.001 £0.36 | 0.51 £0.001 £0.04 1
300 458 £0.001 £047 | 0.59 £ 0.001 £0.04 1
Mass (GeV) Signal Acceptance (%) Predicted Background | Observed Data
. . . . 100 (.29 £ 0.001(stat.) £ 0.11 (sys.) | 0 £ O(stat.) £ O(sys.) 0
Higgsino-like charginos: | 5 3.57 + 0.001 + 0.26 0.87 + 0.001 =+ 0.07 3
200 5.68 £0.001 £0.34 1.75 £ 0.001 £0.13 5
250 5.21 + 0.001 £+ 0.62 0.79 + 0.001 £ 0.06 2
300 4.60 + 0.001 +£0.36 0.36 + 0.001 £0.03 0
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DEJ Results from CMS and ATLAS

CMS \s=7TeV 3.06pb”’
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With 34 pb! of data, ATLAS excludes:
With 3.1 pb! of data, CMS excludes: e sbottoms below 294 GeV

i gIUinOS below 398 GeV . gluinos below 586 GeV
* stops below 202 GeV « stops below 309 GeV
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D9 More Results from ATLAS

GMIE: N=3, m =250 Tev =1, tanf=3.
TTTTTT 1 TTT T T T[T T T I

E-”]_'_I [T I "I""I"_'_ E E'I""I""I""I""I':
€ E ATLAS == GMSB production ] c [AmAs . Igﬁﬁf#ﬁ?ﬂ:m ]
E I J|_d-[=3]' pl)-1 ;ixz:gll:rr:::ih _ E 1D2§— Ldt =37 pb _:i gﬁ:::gg:g::?g E
% % E expected imit+ 45
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1§_ e |
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o NS T e EWprdin
g 10F ] :
S [ ATLAS T With 37 pb! of data, ATLAS excludes:
g P e ] * staus below 136 GeV (GMSB with
s | i N5=3' mmessenger=250 TeV, Slgn(u)=1,
M g tan(B)=5
i f  sleptons in EW only below 110 GeV
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DeS Results from CDF

I I I I I I I LI I I I I I I I 1 I I I I I I I I I I
10 ™%, —— Stop Production cross section (NLO) =
a5 F Observed cross section upper limit -
a [ i
S 1 E
o F n
aQ N _
e i _
@ ool _
E . E \1—/1\‘7 =
S — E
1 D-E AN AN T TS N N O AT T N N A T T T N O A T T N O O O A
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Stop Mass (GeV/c)

With 1.0 fb! of data, CDF excludes:
* stops below 249 GeV
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