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B-L STOP: MOTIVATION

* The B-L model is a U(1)z gsauged extension to the MSSM.

- Additional particle content: right-handed neutrinos

* R-parity is not conserved in this model so the “collider” LSP can

carry color and electric charge. Rif= (_1 )3(B-L)+Zs

» Gravitino LSP provides a dark matter candidate

Br(f1—>b'r+)

w1l All tau decays 10
» No missing energy bTbT

= Normal Hierarchy sin? 023=0.587
¢ Normal Hierarchy sin“693=0.446
A Inverted Hierarchy sin? 623=0.587
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» Only lepton number is violated

— proton Is stable

« Observables in this model are related

l.v~..
0.2 [ .w'f
v

to the neutrino hierarchy.

All muon decays o, ailsiinbe |
0.0 0.2 0.4 0.6

™ Br(f1-be")

RPV I Il s bUbU 0:8A|| electron decays
Sl alre A et Stop LSP decay: || Minimal SUSY B-L: oo
related to neutrino mass [0k [412.6103
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INTRODUCTION

* We are Interested in the pair production of top squarks
which then decay via the B-L R-parity violating (RPV) coupling
b

* |f the stop Is the (n)LSE 1t p ) <
t .,
preferentially decays to a lepton ({) oA o+
and a b-quark (b). t< g_
P

* We search for final states with eebb,

UbD, epbb, with a resonance in the invariant mass my;.

* Results are reinterpreted with BR(t—=bT) =0 for leptonically

decaying taus.

* Run1 search excludes masses from 500 to 1000 GeV for

branching ratios of at least ZO% to be or b

Leigh Schaefer (Penn ATLAS) DPF 2017 (Fermilab)



SIGNAL MODEL _ - <
- Assume standard t pair production then decay with >A e
RPV coupling p t ’<5

* Signal points are generated with mg ranging from 600 GeV to
1.6 TeV and with equal BR to be, b, bT

+ Signal model does not necessarily | stop A Production cross section [fb]
Mass

have equal BR to each lepton flavor| ey,

Vs=8TeV Vs=13TeV

» We apply truth reweighting to

600 25+4.| | 75423

pREpEEmABR o b

» Signal Regions are optimized assuming e - 2%06 _________________________ 2 8i40 __________
BR(t— be)=BR(t—bp)=50% 200 | (7.6+28)x102 16403

» Most tables and figures presented 500 | (66434)x103  026£006

here assume these BRs
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BL PAIRING

» Select from the event: 2 highest pt leptons
I U GeV) and 2 highest pr jets (py = 60 Ge v ReiSEtE
one of which must be b-tagged (overall //% efficient as

measured with ttbar)

» lo identify the jet and lepton from the same stop decay leg,
select the 2 pairs which minimize mp; asymmetry

DR
masym S Ll Ly
ol e "

My, + My,

 We now have two selected (mp™® > my*") and two
rejected (mpy™° > mp™") b pairs

- We search for a resonance in mp "
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MAJOR BACKGROUNDS

* Drell-Yan, ttbar; and single top

* Reduce all backgrounds using a
cut on Ht = scalar sum of pt of
2 signal leptons and 2 signal jets

* Reduce ttbar and single top
using a cut when the rejected
bt pairing reconstructs the top

decay

» Reject Drell-Yan using a cut on

My
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SELECTION

https://cds.cern.ch/record/2265808

Signal Is expected to have:

aCC : > 105|fr VQTLAS S Work in pl)rlogress I;'1(900G v) -I ;II l ;I I_§|

* Mpy resonance, reconstructing stop mass ‘Sm%SRec?o"‘ T e _3,;;5,,,, 1
aSym §103é_ —1(1600 GeV) =$\:t —é,

. Small Mpyp : ;
In contrast, backgrounds are expected: :
! dCC _i

» to fall off with my, =

1 / 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 200C

, . asym mY, [GeV]
» to be relatively flat with my, T
S ATLas Mor rores .

. . 510" s e e

Define two nested signal regions (SRs) for o € o ST
low- and high- mass signals: v L E

aCC

— Require m,; > 800 or 1100 GeV

asym

— Require my,; = < 0.2 for all regions

0O 01 02 03 04 05 06 07 08 09 1

asym
m,

Region | N, m),[GeV] m, (rep)[GeV] Hy[GeV] mee [GeV]  mer [GeV]
SR800 > 1 > 800 > 150 > 1000 > 300 -
SR1100 > 1 > 1100 > 150 > 1000 > 300 —
+ mpY™=<0.2 for all regions
Leigh Schaefer (Penn ATLAS) 7
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BACKGROUND ESTIMATION

» Dedicated control regions (CRs) are defined to set

background rates for ttbar, single top, and Drell-

Yan, then apphed to vahdaﬂon reglons (\/Rs) and

=
S R 8 ATLASPeIm nary q;
S o , 5[ Ws=1 3 V, 36.1 fo o
Te] w
W %]
€ c
1] [}
> >
L L
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2 t | ®
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RESULTS

» [wo events In SR800 (slight
deficit)

« One of these events also
passed SR1100 (no deficit)

* Both events are

E | | I I ] ] I I

& 10° ATLAS Preliminary ¢ data
€ Ys=13 TeV, 36.1 fb” o

2 B Wt

- Z+jets

W diboson
o tsV

B W+jets
10

SRE800 SR1100
Region
Leigh Schaefer (Penn ATLAS) 9

CRtt CRst CRZ  VRnf, VRmi(rej) VRH; VRZ

Observed yield

Total post-fit bkg yield

SR&800
inclusive

2
52+1.4

SR1100
inclusive

ost-fit single-top yield BRI + 0.
Post-fit Z+jets yield 1.40+£0.33 0.47+0.15
Post-fit ¢7 yield 1.0+0.5 025
Post-fit diboson yield 0.64+0.23 0.13+0.05
Post-fit ¢ + V yield 0.12+£0.03 0.03+0.01
Post-fit W+jets yield ~ 0.03+0.03  0.0170-02
Total MC bkg yield 49+1.2 T
MC single-top yield 1.9+1.0 0.29 £ 0.25
MC Z+jets yield 1.15+£0.21 0.38+0.10
MC 17 yield 1.1 0.5 SN0
MC diboson yield 0.64 +0.23 0.13+0.05
MC tt + V yield 0.12+0.03 0.03 +£0.01

S 0.02
MC W +jets yield 0.03'== 003 ORI
Npgy exp (95% CL) 6.4%3" 3tk
N]ggﬁ obs (95% CL) 4.0 3.9
o [fb] 0.11 0.11
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UNCERTAINTIES

« MC statistical and theoretical uncertainties dominate

* Theoretical uncertainties are applied to background normalization factors

* Derived by comparing ratio of

SR/CR vyields in nominal and “test” case:
* scaling ISR and FSR up and down

* comparing different parton shower

and generator simulations

« Modeling of Wt/ttbar interference

(see Christian Herwig's talk)

Source \ Region

SR&00

SR1100

Experimental uncertainty

b-tagging

Jet energy resolution
Jet energy scale
Electrons

Muons

3%
2%
1%
1%
1%

5%
10%
3%
4%
3%

Theoretical modeling uncertainty

MC statistics
tt

single-top
Z+jets
diboson
tt+W/Z
W+jets

8%
8%
21%
2%
4%
1%
1%

17%
45%0
22%
4%
3%
1%
1%

* CP uncertainties are generally minor

* Jet energy resolution and b-tagging are the most significant, as expected

Leigh Schaefer (Penn ATLAS)
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OBSERVED LIMITS

All tau decays § ATLAS Preliminary |
bTbT Ll/ (s =13 TeV, 36.1 fb 1460
o O° Observed 95% CL mass limit | '
@ 1350
>
0.6 - 1300 8
1250 ';'
= 1200 %
~~~~~ ’ S
0.4 - 1150 Q
3
-1100
0.2 + =-1050
-1000
-900
0 T T Y
0 0.4 0.6 0.8 1
All muon decays Br(F — pey All electron decays
bubu bebe

Stop masses from 900 GeV to |.5 TeV have
been excluded for BR(t—=be)+ BR(t—=bu)>10%

Leigh Schaefer (Penn ATLAS) | https://cds.cern.ch/record/2265808 DPF 2017 (Fermilab)
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* We have presented a search

b
't:'x’ \
i
s <
t .~
P
b

for stop palr production 3 ATLAS Proliminary |-
which decays via an RPV 5 Opsered 57 L mass ;
coupling to a lepton and a b- _________ “
quark

- With the absence of an o My+r ;’é
observed signal, strong limits 8 = : =
have been set on the stop o
mass for branching ratios of =
at least 10% to be or b % *fvf s )

mp, [GeV]
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e Al LAS DETECTCHS

* Muon identification * B-jet identification
. Momentum resolution « 40% efficient at 500 GeV
5% at 500 GeV » Triggers
» Electron identification » Single electron and single

muon triggers 93-98% efficient

* Energy resolution
1% at 100 GeV

* Anti-k jets with R=0.4

* Energy resolution
8% at 100 GeV

Leigh Schaefer (Penn ATLAS) |4 DPF 2017 (Fermilab)



EXPECTED AND OBSERVED LIMITS

1 1
ATLAS Internal 140 ATLAS Preliminary [
\s=13TeV, 36.1 fb” 1400 Vs =13 TeV, 36.1 fb” 1450
08° Expected 95% CL mass limit |J1350 087 Observed 95% CL mass limit |
1300 1350 =
0.6 7 1250 (5 0.6 - 1300 &
@ 1250 —
1200 P @
...... g 1200 g
0.4 1 1150 o 0.4 - 1150 Q.
7 e
B -1100 O
0-2- 1% 0.2 - -1050
=-1000 1000
-900 -900
0 T T 0 T T
0 0.6 0.8 1 0 0.6 0.8 1
Br(f — be) Br(f — be)
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COMPARISON TO RUNT LIMITS

»+ Stop mass limits at a given BR have increased from
Run by at least 300 GeV

t,t, production, t, —bf
. 1.0p v r — 1
- . - . l‘) " [
5 ATLAS Preliminary 1100 Q ATLAS Prellmlnary 19500
I \ /5 =8TeV, 20.3 fb 1 Vs =13 TeV, 36.1 fb” 1450
& 08 %, ,,  Observed 95% CL mass limit 1000 Y os- Observed 95% CL mass limit |
Ky 0 1350
» \/c\ '; =
\?/ 900 7 1300 %;
0.6} s 0.6 O]
1250 —
. 4800 Q 3
s £ 1200 g
N | 700 g 04 = 1150 8—
! v -1100 DD
{600 0.2 - -1050
-1000
{500 -900
B 0 L] T T T
08 1.0 0 0.2 0.4 0.6 0.8 1
Br(t —be) Br(f — be)
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BR(t—=bT)
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NEUTRINO MASS HIERARCHY

Br(i;-br")
1.0
= Normal Hierarchy sin®63=0.587 - ! .
¢ Normal Hierarchy sin2023:0.446 Q A TLAS Prel Imi nary 1500
A Inverted Hierarchy sin“693=0.587 T -1 1450
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R AEI0) 634

[ he relative branching ratios to
each lepton flavor are related to
the neutrino hierarchy.
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STOP MIXING ANGLE

100
1 L
001} AR
]
o0 X
S 1074 @
—
g 1076 | BF A
X ‘ag’to\n.. /o3
10_8 E. S .- \... ‘.. ' .:' \'qf-l.‘c’v,sa o)
‘o~ . ‘..~ °.o. . .:.... e Weete,e LR
. A4 ‘
10_10 L. . ) . ‘ |
0 20 40 s ”
0 (degrees)

FIG. 1. Stop LSP decay length in millimeters versus stop mixing angle. The decay length increases sharply past 80°,

where the stop is dominantly right-handed, due to the suppressed right-handed stop decays, Eq. (47).

100 ¢ N

0 20 40 60 80
0t (degrees)
= - 3 N
FIG. 2. % versus stop mixing angle, where Br(t; — /1) = Z:l Br(t; — bf;"). For the admixture stop, the
branching ratio to b¢* is dominant and the branching ratio to v is insignificant for LHC purposes. For a mixing angle

greater than about 80°, corresponding to a mostly right-handed stop, the branching ratio to ¢~ can be significant.

Leigh Schaefer (Penn ATLAS) |9

When stop mixing angle
0.<80° (in other words,

unless the stop Is
dominantly right-handed)

the stop LSPs InfthiSIFGEEE
decay promptly (Fig 1).

preferentially decay to
a lepton and a b-quark

Al )

arXiv:1402.5434
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UNBLINDED SR DISTRIBUTIONS
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CR DISTRIBUTIONS
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SIGNAL CUTFLOW

Selection 800 GeV yield (rel. eff.) 1200 GeV yield (rel. eff.) 1500 GeV yield (rel. eff.)
Total 1022 57 9
Production filter 737 (72.0%) 42.6 (73.8%) 6.9 (74.7%)
Event quality 737 (100.0%) 42.6 (100.0%) 6.9 (100.0%)
Trigger 705 (95.7%) 41.0 (96.3%) 6.7 (96.3%)
Jet cleaning 704 (99.9%) 40.9 (99.8%) 6.7 (99.8%)
Muon cleaning 704 (100.0%) 40.9 (100.0%) 6.6 (100.0%)
2 signal £ 385 (54.7%) 21.7 (53.0%) 3.5 (52.2%)
Trigger matching 385 (99.8%) 21.6 (99.8%) 3.5 (99.8%)
Opposite-charge leptons 375 (97.5%) 20.9 (96.8%) 3.3 (96.5%)
2 signal jets 363 (96.9%) 20.6 (98.2%) 3.3 (98.7%)
1 b-tagged jet 285 (78.5%) 14.3 (69.6%) 2.0 (62.3%)
mzsgm <0.2 245 (85.8%) 12.2 (85.3%) 1.8 (86.3%)
Ht > 1000 GeV 228 (92.9%) 12.1 (99.4%) 1.8 (99.7%)
mee > 300 GeV 199 (87.6%) 11.5 (94.6%) 1.7 (96.4%)
mllg{f(rej) > 150 GeV 195 (97.8%) 11.4 (99.4%) 1.7 (99.9%)
mgf > 800 GeV 81.2 (41.6%) 10.7 (93.4%) 1.6 (96.3%)
mgé, > 1100 GeV 4.4 (2.3%) 8.4 (73.6%) 1.5 (89.5%)

Table 5: Full list of event selections and MC generator-weighted yields and efficiencies in the inclusive SR800 and
SR1100 signal regions for several signal samples of varying f mass, assuming Br(f — be) = Br(f — bu) = Br(f —
bt) = 1/3. The production filter applies a loose trigger requirement and requires at least two electrons or muons
of uncalibrated pt > 9 GeV and || < 2.6. The relative efficiencies for the m® , > 1100 GeV requirement are with

respect to the m}a ,(rej) > 150 GeV requirement.

Leigh Schaefer (Penn ATLAS)
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DISCRIMINATING VARIABLES

A acc1.
fl o probe my

asym . .
* My should be small if both bt pairs reconstruct m;

v Hy = pT|ep1+ pTlep2+ ijet1+ ijetz: should be large with such heavy stops

* My to reject Drell-Yan background

: mbgreJ . to reject mis-paired top background, when a rejected pairing

reconstructs a top

* M. contransverse mass of the two leading jets; to reject tt events which
have a kinematic endpoint at ~ 135 GeV. For this variable we require exactly

) b-tagged jets. m%(ji, o) = [Er(i1) + ET(j2)]? — [5701) - 5702)]2

Leigh Schaefer (Penn ATLAS) 23 DPF 2017 (Fermilab)



OBJECT & eVENT SELECT\ON

BASELINE OBJECTS

BASELINE ELECTRONS: BASELINE MUONS: BASELINE JETS:

- [N[<2.47,pr>10 GeV -Inl<2.5, P,> 10 GeV - [N|<2.8, pr>20 GeV
- LooseAndBlayerlLLH ID - Medium Track ID - AntiKt4EMTopo, R=0.4
- BADCLUSELECTRON Jas - Pileup rejection with JVT

[ SIGNAL OBJECTS: baseline + pass OR + extra

ELECTRONS MUONS JETS:

- dof0(d,)<5 - d,/old,)<3

- 2, sin(8)<0.5 -2, sin(6)<0.5 - [n|<=2.8

- TightLLH ID - Cosmic veto - pr>60 GeV
- GradientLoose iso - GradientLoose iso - BadlL.oose

cleaning

BJFTS:
- Inj<2.5

- Fixed /7%
with MV2c |0
MAYZ

TR - P >40GeV

TRIGGER STRATEGY
Dilepton channel: single electron or single muon triggers with different

isolations and P; thresolds, following trigger group recommendations.

» Ebvent selection: two signal leptons with pT > 40 GeV and two
signal jets with pT > 60 Ge\/

Leigh Schaefer (Penn ATLAS) DPF 2017 (Fermilab)



CRAND VR DEFINITIONS

Region Ny, m),[GeV] m, (rep)[GeV] Hr [GeV] mee [GeV]  mer [GeV]
CRtt >1 [200,500] < 150 [600,800] > 300 < 200"
CRst =2 [200,500] < 150 < 800 > 120 > 200
CRZ >1 > 700 = > 1000  [76.2,106.2] L

B (> > 500 < 150 [600,800] > 300 -

VRm, ,(rej) | > 1 [200,500] > 150 [600,800] > 300 -

VR Hr >1 [200,500 < 150 > 800 > 300 -

VRZ =0 [500,800° > 150 > 1000 > 300 ~

+ Mmpe®™M<0.2 for all regions *only for events with ==2 b-tagged jets
25



