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SuperSymmetry

e Supersymmetric (SUSY)
theories predict a scalar LN
partner for every SM fermion

e As the top mass is much
greater than the other SM fermion masses, some
SUSY models predict stop lightest sfermion

- If sneutrino lightest SUSY particle, and R-parity
conserved, can have t—bx" —blv

 In this analysis, we search for pair produced scalar
tops decaying to the final state fT—b¥X X *—bTUbuv
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The DO Experiment

* A multipurpose particle
detector

* Innermost detectors are
the trackers, followed by
calorimetry and muon
chambers
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Tau and Jet Reconstruction

HAD y ‘ ] Q . ‘ .

T T

Type 1: one track, Type 2: one track, Type 3: more than
no EM Cluster EM cluster. one track

BR =10 % BR 35 % BR 15 %

calorimeter jet

* Jets and T both reconstructed 1in
calorimeter

* NNs used to separate T from jets,e

- Jets wider than T, more tracks

parton jet
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Muons and Missing Energy

* Muons are reconstructed by e vl
. . i . e
matching tracks in central i r‘ U l -
tracker to hits in tracking | B =t
- 5 Shieldin T W
system outside calorimeter = = _
— Calorimeters absorb other particles H H ‘ — - . H ‘
— Use central track for momentum | - -
estimate | T |
Tracking Electromagnetic Hadron Muen
chamber calorimeter  calorimeter charmber

photans * Missing Transverse Energy (MET)
et negative vector sum of calorimeter
I energy with [, T, jet corrections
7t p — Possibly from particle missed in
— detector
n

— (Can arise from mismeasurement

Innermost Layer...

P ...Cutermost Layer
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Signal Generation

 We consider 2 separate scenarios of stop production
and decay

- Either wino or higgsino like charginos
- Wino-like BR(X",—HV) = BR(X",—1V) = 0.3 vs
Higgsino-like BR(X" —uv)= 0.1, BR(X" —1V)=0.8
e« Max MSSM Higgsino-like BR found using SUSY-HIT
e Scan over space of stop and sneutrino masses
e Signal generated with MADGRAPH/MADEVENT +

PYTHIA, corrected to NLO PROSPINO stop
production cross sections
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Standard Model Backgrounds

e Backgrounds for this analysis include

- Ztjets, diboson(WW,WZ,27), ,* ) /}'/
tt, WHjets, and multyjet (1.1 r_u}: A E}“ Stae
48 e S
- All but multijet from MC i ~

- 7 +jets, tt, WHjets estimated with ALPGEN+PYTHIA MC
e W and Z corrected to NLO cross sections from MCFM,
+ tt corrected to approximate next-to-next-to-NLO

- Diboson backgrounds estimated using PYTHIA corrected
to NLO MCFM calculations

- Multyjet arises when a muon comes from a jet (as in b-
decay), and narrow jet fakes tau
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Multyjet Background Estimate

* Estimate by reversing 1solation cuts on U and T
- Require anti-1solated leptons be opposite charged (OS)

 Normalize anti-1solated sample to multijet in data using

like sign (LS) sample Nimuitizet(0S) = p x (N2%2(08) - NMC (08))
B \Daf (LS) NYC LS)

samples to have same
ratio, P, of 1solated to anti-i1solated events

- Measure p in LS sample for each tau type, apply it to OS sample
to get multijet estimate

 We use MC to correct multijet estimate for small
amount of real UT 1n LS and anti-1solated samples
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e We look for events with
oppositely charged, isolated

U & T, and at least one jet
- Signal A(m;, m,)=(180,60)GeV 10 =
- Signal B(m;, m;)=(120,80)GeV |
01273 4 5 6 7 8 910

- We pick these mass points as Nijets)
signal properties most sensitive to stop mass, Am(t,V)

* Require AQMET,lepton) > 0.5, removes Z + jet

[

Event Selection

j0'k Wino-like mtt

DO, L=7.3fb" | Z/y"+ets

P W+jets
3l Inst. Bkg.

10 = [ I Diboson

C * Data
— Signal A
—=Signal B

Number of Events

* Require AR(U,jet) > 0.5 to reduce multijet, W+jet
* 893 events pass cuts, 905.1+9.6 expected
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Boosted Decision Tree (BDT)

 We train BDT to separate
signal from SM background

- Inputs checked for data/MC
agreement with Kolmogorov-

Smirnov test

2

Events/

e We train BDTs for wino-like

charginos
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Boosted Decision Tree (BDT)

g o _
e We train BDT to separate S Lo r e eiets
signal from SM background ‘g Welets
- Inputs checked for data/MC o e ;B:::“"
agreement with Kolmogorov- gl —~ . _SignalA
Smirnov test ] I
e We train BDTs for wino-like "8 ——
charginos and Higgsino-like - =
Charglnos Separately 0 0.10.20.30.40.50.6 0.B7D9|:803i;9)ut1
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Boosted Decision Tree (BDT)

) & [Higgino-like, 1jet Mg
* We train BDT to separate S10°-D0,L=7.3 10" 21y sjets
5 T r +jets
signal from SM background 2ol omoeod
- — * Data
- Inputs checked for data/MC e —— . __ —SignalA

agreement with Kolmogorov- : —

Smirnov test 18 |
) ) ) . | ,I’ I
* We train BDTs for wino-like 00102030405 05070508 1
- 5 - - BDT output
charginos and Higgsino-like
. &  |Higgino-like, 1jet Mg
charginos separately S Do, LE737  Zipaets
2 F Wijets
o BDTs trained for each Gagrt CIbiboson’
. . - *D
stop/sneutrino mass point Gl == —Signas
10 ==

E J_IJ‘llr'l (1 () L1l IIIIIIIII IIIIIII L I|III
— 0 0.10.20.30.40.50.60.70.809 1
James Kraus, U. Mississippi BDT output




Boosted Decision Tree (BDT)

. &  [Higgino-like, 1jet Mg
* We train BDT to separate S10°-D0,L=7.31b" 21y sjets
5 T r +jets
signal from SM background 2ol TIbtbecor.
: —e— * Data
- Inputs checked for data/MC e —— . __ —SignalA

agreement with Kolmogorov- : —

Smirnov test 198 = =N
» We train BDTs for wino-like T oTSTOTON 05076408 1
- 5 - - BDT output
charginos and Higgsino-like
i 10 “Higgino-like, 1 jet Mg
charginos separately S LT3 s
I Wijets
e BDTs trained for each Tl Clbibeson
) . : . *D
stop/sneutrino mass point W T signais
e Train separate BDTs for 1 jet, 10- | ==

5 | "" ||'|'||||'|||'| |'|| |’|| |’||| ||I’|”||f = i
— 0 0.10.20.30.40.50.60.70.809 1
James Kraus, U. Mississippi BDT output
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Boosted Decision Tree (BDT)

, 2% Friggino-like, 2 jets M
 We train BDT to separate S [ Dg,L=73M" 2o
signal from SM background S0 Sinst. i,
- Inputs checked for data/MC g -*-;- — Signal A
agreement with Kolmogorov- s ==mm
Smirnov test -
1

e We train BDTs for wino-like R O I TR A T I T
- 5 - - BDT output
charginos and Higgsino-like

: & [Higgino-like, 2 jets Mg
charginos separately S [ DoLaT3T  Zees
102k Wijets
0 S E Inst. Bkg.
e BDTs trained for each i ——  [IDiboson
. . I —t= - * Data
stop/sneutrino mass point o= — Signal B
e Train separate BDTs for 1 jet, : T
. 1
2 jet, 1i L =
070.102030.405 06 070804 1

James Kraus, U. Mississippi BDT output
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Boosted Decision Tree (BDT)

, & [ Higgino-like, >3 jets Mt
 We train BDT to separate S 102,00, L=7.31b" 2y sits
5 E . +jets
signal from SM background L “Ibinoson
- ° Data
- Inputs checked for data/MC ol Ly oy Slamal A
agreement with Kolmogorov- e ﬁ
Smirnov test e =
e We train BDTs for wino-like T
- 5 - - BDT output
charginos and Higgsino-like -
. o " Hiqaina.li . W
charginos separately S DOLTsT Zees
T | Wijets
« BDTs trained for each G| My “Ibiboson
. . r , I D
stop/sneutrino mass point - — Signal B
. o 1
e Train separate BDTs for 1 jet, §
2 jet, and 3 or more jet bins | .
10— -.J....l L

R 0 0102030465060708091
James Kraus, U. Mississippi BDT output




Boosted Decision Tree (BDT)

" Higgino-like, =3 jets Mt
D2, L=7.3fb" Z/v* +jets
g — Wijets
Inst. Bkg.
[ IDiboson
* Data

Inputs checked for data/MC : . Sianala

agreement with Kolmogorov- :P;;- ﬁ
Smirnov test 1 - = -
e We train BDTs for wino-like O o—

0 01 0.20.30.40.5 060B7D(_)r8 Ot9 t1
. . . . outpu
charginos and Higgsino-like :

charginos separately

 We train BDT to separate
signal from SM background

Events/0.125
] 9
IIIIII T T 1T

—h
o
II|

Wino scenario Higgsino scenario
N(jets)=1 N (jets)= 2 N(jets)> 3 Njets)=1 N(jets)= 2 N(jets)> 3
St Ap™™ (jet,H) Ap™P(jet,Hr) |A¢™"(jet, K1) Mass(jz, 7) AT (jet , HT)
n(leading jet) n(leading jet) Sig(ET) 7(leading jet) n(leading jet) Hr
Signal A AR™™ (. jet) AR™H (1 jet) AR™* (1 jet) AR™* (1 jet) AR™*(p.jet) AR™* (1 jet)
Mz (p, Br) Ao(ur, Bt) ET Sig(HT) Ao(pu+ 7, Hr) Mass(pu, 7)
Mass(lept,jet) AR™* (u.jet) pr(leading jet) Mass(lept,jet) Mr (7, HT) Mass(j1,jet)
Sig(HT) Ad™" (jet . HT) AP™" (jet,H) An(p, ) Ap™ ™ (jet,HT) Aod(p,T)
n(7) n(leading jet) Sig(Er) St n(leading jet) A¢(leading jet,Hr)
Signal B St ARM (T jet) Ap(p+ 7, Hr) n(T) AR™® (T jet) AR™(1 jet)
Ao(p. 1)  Ad(next-to-leading jet,Hr) A¢(leading jet.Hr) Ad(p, 1) A¢(leading jet.Hr) Ao(p. Hr)
Mass(lept,jet) AR™® (1 jet) Mass(p,jet) Mass(lept.jet) A¢(p+ 7, Hr) A¢(T.HB)
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[Limits

* No excess found, proceed to set limits
Exclude m. <200 GeV for m;=40 GeV
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Conclusion/Summary
Phys. Lett. B 710, 578 (2012). arXiv:1202.1978 [hep-ex]

 First limits placed on scalar top production decaying
to T from the Tevatron

—

N

o
—F-

DJ,L=7.3fb"
---exp. higgsino
— obs. higgsino

-
N
o

e Find 893 data events
passing selection cuts

- Expect 905.1£9.6 80
background events -0

Sneutrino Mass (GeV)
© o
o

* BDTs used to separate e
signal and background — s excluded

LEP I excluded

40 |
e Exclude m;<200 GeV “80 80 100 120 140 160 180 200

Scalar Top Quark Mass (GeV)

for m;=40 GeV
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BDT Training and Inputs

m - Wino-like, 1 jet
: S10°:D2, L=7.3 b Z/v* +jets
e We train separate BDTs for 2 g
c - jets
. . . . . O _
wino-like and Higgsino-like 2 ok Inst. Bkg.
) , - | IDiboson
chargino scenarios S * Data
102 . e — Signal A
. S =
e Three BDTs for each scenario : '
per mass point 10 ==
- 1 jet, 2 jet, and more than 2 jets L Ii 1
. . § 50 NS SN e e O T R S T T
Table shows 5 most significant 0 0.10.20.30.4 0506 0.7 08 09 1
. : output
variables for Signals A, B P
Wino scenario Higgsino scenario
N (jets)=1 N (jets)= 2 N (jets)> 3 N(jets)=1 N (jets)= 2 N(jets)> 3
St Ap™™ (jet, H) Ap™P(jet,Hr) |A¢™"(jet, K1) Mass (1, 7) AT (jet , Hr)
n(leading jet) n(leading jet) Sig(HEr) 7(leading jet) n(leading jet) Hr
Signal A AR™*(p.jet) AR™*S (1 jet) AR™* (1 jet) AR™* (T jet) AR™*(p,jet) AR™S (1 jet)
M (pe, Br) Ao(put, Hr) ET Sig(HT) A¢(p+ 1, Hr) Mass(p, 7)
Mass(lept.jet) AR™* (u,jet) pr(leading jet) Mass(lept,jet) Mr (7, HT) Mass(je,jet)
Sig(HT) Ae™" (jet . HT) AP™" (jet,Hr) An(p, ) Ap™ ™ (jet,HT) Ad(p, 1)
n(7) n(leading jet) Sig(HET) St n(leading jet) Ad(leading jet,Hr)
Signal B St AR™E(T jet) Ap(p+ 7, Hr) n(7T) AR™ (T jet) AR™H(T jet)
Ad(p,7)  Ad(next-to-leading jet,F/r) Ag(leading jet,Hr) Ad(p, 1) A¢(leading jet.Hr) Ao(p. Hr)
Mass(lept jet) AR™ (e jet) Mass(p,jet) Mass(lept.jet) Ad(p+ 1, Hr) A¢(T. BT)




Boosted Decision Tree (BDT)

: & | Higgino-like, 1jet M«
 We train BDT to separate S 04;_.,@??_ Bt Zinialete
. N E .

signal from SM background £ | e
> . -
: W10%: [_IDiboson
* BDTs trained for each S * Data
stop/sneutrino mass point 10 e, O A
. i ——
e We train separate BDTs for 105
wino-like and Higgsino-like :

chargino scenarios 0 0.10.20304 0506070809 1

. : BDT output
e Samples split into thirds for —
S * : ’ : N (jets)=1 N.i‘ts :2 ‘ Njets)> 3
training, testing, limit setting e e LYy
1(leading jet) 1(leading jet) Hr
. Signal A AR™**(7 jet AR (1 jet AR™*(T et
- Check inputs for data/MC ) S A v S ey
. Mass(lept,jet Mt (7, H- Mass(pe,jet
agreement with Kolmogorov- T Y T e
c S’ 1(leading jet) Ad(leading jet,Hr)
Smlmov teSt Signal B ?;(:) LRmi“(T.JJ'Ct) (ARmaX(-TJ.jl;rtb);T

Ad(p, T) A¢(leading jet, liT)
James Kraus, U. Misj Mass(lept jet) — Ae(p+ 7. Hr)

Aolp, ET)
Ao(T, 1)




Boosted Decision Tree (BDT)

We train BDT to separate
signal from SM background

BDTs trained for each
stop/sneutrino mass point

We train separate BDTs for
wino-like and Higgsino-like
chargino scenarios

Separate BDTs are trained for
each mass point for 1 jet, 2 jet,
and 3 or more jet events

o [ Wino-like, 1 jet - I
S10°, Do, L=7.31b" Z/v*+jets
= f Wijets
S L
S Inst. BKg.
w10 ; [ IDiboson
- * Data
10;_.;_ R Signal A
10
- '_+
1 3 | Lot | | o

- R
0 010.20.30.40.5

I|IIIIIIIIIIIIIIII
0.6 0.7 0.8 09 1

BDT output

N(jets)=1

Wino scenario
N (jets)= 2

N(jets)> 3

St
n(leading jet)

A¢™*" (jet,Hr)
n(leading jet)

A(;:)mm (‘]‘"tET)
Sig(Hr)

Signal A AR™™ (u,jet) AR™H (T jet) AR™H (1 jet)
M (1, ET) Ao(pr, ET) E-}—w
Mass(lept,jet) AR™™ (p,jet) pr(leading jet)
Sig(HT) A¢d™" (jet,Hr) Ap™™" (jet,H1)
n(7) n(leading jet) Sig(HT)
Signal B St A??,min(r.jet) Ao(p + 7, Hr)
Ap(p,m)  Ag(next-to-leading jet, 1) A¢(leading jet. Kt

Mass(lept,jet)

AR™® (11 jet)

Mass(p,jet)




Boosted Decision Tree (BDT)

o [ Wino-like, 1 jet M
. S10°:Do, L=7.3fb"" Z/v* +jets
e We train BDT to separate A Wai
e C jets
. O i
signal from SM background 2 ok Inst. BKg.
: |_!Diboson
. e * Data
 BDTs trained for each : |, — Signal A
. . 102, s d
= =
stop/sneutrino mass point :
3 . . 10 ;— ==
e We train BDTs for wino-like i = =
charginos and Higgsino like L —
| ol
h S I o R S S B T
C aI‘gIIIOS 0 010203040.50.60.7080.9 1
BDT output
Wino scenario
N(jets)=1 N (jets)= 2 N (jets)> 3
St A¢™*" (jet,Hr) Ad™" (jet,Hr)
n(leading jet) n(leading jet) Sig(HT)
Signal A AR™™ (u,jet) AR™H (T jet) AR™H (1 jet)
M~z (p, HT) Ao(pr, ET) ET
Mass(lept,jet) AR™™(p,jet) pr(leading jet)
Sig(HT) A¢d™" (jet,Hr) Ad™" (jet,Hr)
n(7) n(leading jet) Sig(HT)
Signal B St AR™E(T jet) Ao(p + 7, Hr)
Ap(p,7)  Ag(next-to-leading jet,[f1) A¢(leading jet, [fr
Mass(lept,jet) AR™™ (. jet) Mass(je,jet)




Boosted Decision Tree (BDT)

o [ Wino-like, 1 jet M
. S10°:Do, L=7.3fb"" Z/v* +jets
e We train BDT to separate A Wai
e C jets
. O i
signal from SM background 2 ok Inst. BKg.
: |_!Diboson
. e * Data
 BDTs trained for each : |, — Signal A
. . 102, s d
= =
stop/sneutrino mass point :
3 . . 10 ;— ==
e We train BDTs for wino-like i = =
charginos and Higgsino like L —
| ol
h S I o R S S B T
C aI‘gIIIOS 0 010203040.50.60.7080.9 1
BDT output
Wino scenario
N(jets)=1 N (jets)= 2 N (jets)> 3
St A¢™*" (jet,Hr) Ad™" (jet,Hr)
n(leading jet) n(leading jet) Sig(HT)
Signal A AR™™ (u,jet) AR™H (T jet) AR™H (1 jet)
M~z (p, HT) Ao(pr, ET) ET
Mass(lept,jet) AR™™(p,jet) pr(leading jet)
Sig(HT) A¢d™" (jet,Hr) Ad™" (jet,Hr)
n(7) n(leading jet) Sig(HT)
Signal B St AR™E(T jet) Ao(p + 7, Hr)
Ap(p,7)  Ag(next-to-leading jet,[f1) A¢(leading jet, [fr
Mass(lept,jet) AR™™ (. jet) Mass(je,jet)




Boosted Decision Tree (BDT)

We train BDT to separate
signal from SM background

BDTs trained for each
stop/sneutrino mass point

We train separate BDTs for
wino-like and Higgsino-like
chargino scenarios

Separate BDTs are trained for
each mass point for 1 jet, 2 jet,
and 3 or more jet events

o [ Wino-like, 1 jet - I
S10°, Do, L=7.31b" Z/v*+jets
= f Wijets
S L
S Inst. BKg.
w10 ; [ IDiboson
- * Data
10;_.;_ R Signal A
10
- '_+
1 3 | Lot | | o

- R
0 010.20.30.40.5

I|IIIIIIIIIIIIIIII
0.6 0.7 0.8 09 1

BDT output

N(jets)=1

Wino scenario
N (jets)= 2

N(jets)> 3

St
n(leading jet)

A¢™*" (jet,Hr)
n(leading jet)

A(;:)mm (‘]‘"tET)
Sig(Hr)

Signal A AR™™ (u,jet) AR™H (T jet) AR™H (1 jet)
M (1, ET) Ao(pr, ET) E-}—w
Mass(lept,jet) AR™™ (p,jet) pr(leading jet)
Sig(HT) A¢d™" (jet,Hr) Ap™™" (jet,H1)
n(7) n(leading jet) Sig(HT)
Signal B St A??,min(r.jet) Ao(p + 7, Hr)
Ap(p,m)  Ag(next-to-leading jet, 1) A¢(leading jet. Kt

Mass(lept,jet)

AR™® (11 jet)

Mass(p,jet)
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