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The ATLAS  SUSY Group

Organized by production + decay:

inclusive squarks and gluinos

3rd generation

electroweak

RPV/LL

0L, 1L, Z+MET, etc.

stop, sbottom, stau + 0L, 1L, 2L

neutralinos, charginos

little or no MET and/or long lived

cr
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n

https://twiki.cern.ch/twiki/bin/view/
AtlasPublic/SupersymmetryPublicResults

(see summary papers 
for overview!)

2



Boosted Boson Type Tagging
Jet ETmiss

SLAC, Stanford University

March 26, 2014

Benjamin Nachman and Ariel Schartzman

B. Nachman (SLAC) Boosted Boson Type Tagging March 26, 2014 1 / 21

Boosted Boson Type Tagging
Jet ETmiss

SLAC, Stanford University

March 26, 2014

Benjamin Nachman and Ariel Schartzman

B. Nachman (SLAC) Boosted Boson Type Tagging March 26, 2014 1 / 21

Run 1 Legacy

N.B. t1L = SLAC-led effort

stops up to 
~700 GeV

a stealth stop 
nearly ruled out

generic 
squarks ~1 TeV

generic gluinos 
~1.5 TeV
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Run 1 Legacy (cont.)

Dedicated re-interpretation of all simpliÞed model searches with 
the pMSSM (with Tom); good coverage by channel searches!

1508.06608

4



Boosted Boson Type Tagging
Jet ETmiss

SLAC, Stanford University

March 26, 2014

Benjamin Nachman and Ariel Schartzman

B. Nachman (SLAC) Boosted Boson Type Tagging March 26, 2014 1 / 21

Boosted Boson Type Tagging
Jet ETmiss

SLAC, Stanford University

March 26, 2014

Benjamin Nachman and Ariel Schartzman

B. Nachman (SLAC) Boosted Boson Type Tagging March 26, 2014 1 / 21

Excesses

1503.03290

The data are (tooÉ ?) consistent with the 
background; a few excesses, but nothing convincing.  
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B.N. and T. Rudelius 1410.2270
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Early 13 TeV

3.2/fb of 13 TeV is already pushing out the limits beyond Run 1! 

squarks
gluinos

6

Line: Expected Limit 
Band: All other Uncertainties

Line: Observed Limit 
Band: Signal xs Theory Uncertainties

Excluded

Not 
Excluded

Limit: CLs < 0.05 (not exactly 95% conÞdence)  m[primary SUSY particle]
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(Amazingly, ) both ATLAS  and CMS use 
the ~same simulation setup in Run II.

MG5_aMC + Pythia 8

with up to 2 extra partons from the ME

MadGraph only produces the Þrst SUSY 
particle - decays are all handled by Pythia

We may need to improve this for high acceptance and ISR 
selections (thinking about this w/ M. Kraemer since the last Jamboree)

(+EvtGen for ATLAS)
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A Brief Aside: Simulation

B.N., SUSY MC @ ATLAS-CMS MC Generators Workshop 
more details:

https://indico.cern.ch/event/454993/contributions/1953118/attachments/1210104/1764733/SUSY_ATLASCMS.pdf


Stop Mass [GeV]
0 100 200 300 400 500 600 700 800 900 1000

N
eu

tr
al

in
o 

M
as

s 
[G

eV
]

0

100

200

300

400

500

ATLAS Internal

to
p

 +
 m

ne
ut

ra
lin

o

 =
 m

sto
p

m

 = 7 TeV [Phys. Rev. Lett. 109, 211803 (2012)]s, -14.7 fb

 = 8 TeV [ATLAS-CONF-2012-166]s, -113 fb

 = 8 TeV [ATLAS-CONF-2013-037]s, -120.7 fb

 = 8 TeV [JHEP 1411,118 (2014)]s, -120.3 fb

 = 13 TeV [ATLAS-CONF-2016-007]s -13.2 fb

÷t1

÷t1
p

p

÷! 0
1

t

÷! 0
1

t

Signature: ttbar + MET

this talk

In addition to being an important Þnal state to search for, it is also 
experimentally challenging (i.e. fun): diverse backgrounds with many 

components = amenable to innovative strategies!
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No time for all searches; will instead focus on one

Direct stop pair production

(and on the arXiv 
tomorrow)
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For the early 2015 data, not enough data for a 
big jump in (direct) stop sensitivity

Consider in addition gluino mediated models that are 
not covered by the usual Gtt search.
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9There are many models with ttbar+MET
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10There are many models with ttbar+MET

Naturalness?

Relic Density?

B->D*!" ?
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Re-casting 
Run 1

B.N. 1505.00994 
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11More sensitive than inclusive searches

http://arxiv.org/abs/1505.00994
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Main strategy:  
4 jets (1 b-jet) + 1L 

+ high m T

+ MET  
+ generalization of 
mT (called mT2) + 

more

(stolen from CMS, 1308.1586.  
Our version is not public)

Analysis Technique(s)

~1/2 e/mu and 
1/2 1L1tau

http://arxiv.org/abs/1308.1586
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13Main strategy: 4 jets (1 b-jet) + 1L + high m T

A (Very) Brief Introduction to Stransverse MassMT 2

1) Generic Setup

P C

va

P C

vb

¥ Symmetric decay

¥ C particles momenta unknown - sum

of the momenta is measured

2) Constructing MT 2 [14]

MT 2 ! min
!pC

a + !pC
b = /!ET

{ max(MTa, MTb )}

MT 2 is the minimum parent mass
consistent with observed kinematics

¥ Depends on a trial mass ÷MC for the mass of the

child particle C

¥ Depends on the upstreampT - the momentum

against which the signal recoils

¥ For a given pT and ÷MC, there exists a known

relationship between Mp, ma, mb, MC and M max
T 2 [8]

B. Nachman (SLAC) Stop search with MT 2 March 19, 2016 3 / 1
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V1
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!Emiss
T

Figure 1.11: A schematic diagram showing the genericmT2 setup.

mP. This is becausemT2 ! maxi

!
mT

!
!p Vi

T , !p Ci
T , mVi , mCi

" "
! mP, as shown in

Sec.1.2.1.1. Figure 1.12demonstrates the power ofmT2 in events with two W bosons

where oneW decays into a hadronically decaying! and the other W boson decays

into an electron or muon ("). Multiple neutrinos contribute to the missing momentum

so themT of the " and the !pmiss
T can exceed themW bound as long as the bosons are

not produced at rest. In contrast, themT2 using V1 = ", V2 = ! , mC1 = mC2 = 0 is

kinematically bound by mW (neglectingm! ). Unlike the mT case, themT2 endpoint

is not as saturated due to the minimization in the deÞnition.

The visible objectsV1 and V2 from Fig. 1.11are oftencomposite systems of parti-

cles. For example,Vi might be the combination of ab-jet and a lepton. In such cases,

it is often true that mV1 "= mV2 . When the composite systems are not even made of

the same types of constituent particles, the presumed lost children may not be the

same and in generalmC1 "= mC2 . Just like the generalizedmT from Sec.1.2.1.1, the

generalmT2 variable is bounded from below bymax{mC1 + mV1 , mC2 + mV2 }. This

is readily calculated by taking the derivative of eachmT branch with respect to the

assigned missing particle momentumpCi
#,test for # # {x, y }, shown in Eq. 1.9. The

second implication (2) in Eq.1.9 is from summing and squaring the Þrst implication

(1) and the third implication (3) is the result of simplifying after inserting the second

implication (2) back into the Þrst one (1).
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1.2.1.2.3 Tailoring mT2 for the stop search

With a high multiplicity Þnal state, there are many choices forVi and mCi in

constructing anmT2 variable for the stop search. This section describes two particular

mT2 variables that are designed to suppress dileptontøt events. After requiringmT >

mW, Fig. 1.8showed that the majority of survivingtøt events have a second lepton that

is either lost, mis-identiÞed, or is a hadronically decaying! lepton. First, consider

the case in which the second lepton is undetected so that!pmiss
T ! !p" 1

T + !p" 2
T + !plost #

T .

One could construct anmT2 variable using theb-jets as theVi and then grouping

everything downstream of theb-quarks in the top decay chain into!pC1
T + !pC2

T . However,

additional information is available by using asymmetric objects [40, 43] for the Vi .

Following an idea in Ref. [44], the asymmetric mT2 (am T2 ) is formed by letting V1

be the b-jet from one top quark decay and settingV2 to be the four-vector sum of

the b-jet and lepton from the other top quark decay. As illustrated in Fig.1.20, this

means that the missing particle for the top branch is an entireW boson and on the

bottom branch, only a neutrino. Therefore,mC1 = mW and mC2 = m" ! 0. With

these choices,am T2 " mtop for the background depicted in Fig.1.20.

t

t

"

"

l

l

b

b

Figure 1.20: A schematic diagram of dileptonictøt decay where one of the charged
leptons is lost. Lost particles are circled with a dashed line. For theam T2 variable,
the visible particle on the top (bottom) branch is the b-jet (sum of the b-jet and
lepton). The missing particle in the top (bottom) branch is aW boson (neutrino).amT2: one lepton is lost, 

C1 = W1 and C2 = " 2.
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make a powerful tau veto

re-clustered jet mass for the 
ability to optimize the radius
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(a few of the) Innovations since Run 1
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15Normalize backgrounds with control-regions
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Figure 1.18: Next-to-leading-order (up to ! 4
s!

2
w) Feynman diagrams from

MG5_aMC that have the same outgoing particles as tøt at tree level. The top left
diagram overlaps with tøt when the two intermediate top quarks go on-shell. The top
right diagram has no top quarks at all and the bottom diagrams contain top quarks
but do not interfere with top quark pair production even when the intermediate top
quark(s) go on-shell.

two b-jet selection when the " R between b-jets is required to be relatively large.
This is because one way for one-lepton tøt events to exceed the am T2 endpoint is
for a charm jet from the hadronically decaying W boson to be b-tagged with higher
b-tagging weight than a second b-jet from the top quark decay. This is illustrated
in Fig. 1.19 at parton level. For a given choice of b-jet, am T2 ! max (80, m(bl )) .
To account for combinatorics, the selected am T2 is minimized over both pairings of
b-jets; therefore am T2 ! min (m(b1l ), m(b2l )) . When the b-jet entering the am T2

calculation is on the same side as the lepton, then m(bl ) is bounded from kinematics
by

!
m2

top ! m2
W ! 155GeV independent of the top quark pT so this will generally be

smaller than the invariant mass of the lepton and the charm-jet which increases with

Single top, Wt(+b)

Not well-constrained in data (just observed!), can pass top 
tagging, non-trivial interference with ttbar.
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18Single top, Wt(+b)

Working toward WWbb 
+ PS (what is the status 

with Sherpa?)
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Reminder: Motivation

In the search for SUSY tt+MET (stop, Gtc), the dominant 
background at high mass is tt+Z( →invisible)

In terms of Feynman diagrams,  
the processes are identical.   

!
(there are some differences because of neutrinos but this is negligible)
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Fig. 1: Leading order Feynman diagram for the compressed gluino scenario (left) and direct stop pair production
(right). Note that since the gluino is its own anti-particle, the two on-shell stops can have opposite or the same
charge.
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20tt+Z(->invisible)

BeneÞted from 
conversations and 

technical help 
from Michael P 
and Valentin!
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The Þrst 2015 analyses have pioneered new techniques and 
pushed out the limits in the statistically limited regime.

We will continue to push in this direction with 
more data (~10/fb for ICHEP) in the near future.
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The next move is to Þll in gaps, taking advantage 
of shape Þts, ISR-selections, and VBF topologies.

(systematics-limited regime)



(600 GeV large R jet with m jet ~180 GeV and MET ~ 500 GeV) 
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