
Patrick Meade
Yang Institute for Theoretical Physics

Stony Brook University

Based on:
D. Curtin, P. Jaiswal, PM 1206.6888

D. Curtin, P. Jaiswal, PM, P. Tien 1304.7011
+work in progress

EXPLORING THE
EW FRONTIER



Patrick Meade
Yang Institute for Theoretical Physics

Stony Brook University

Based on:
D. Curtin, P. Jaiswal, PM 1206.6888

D. Curtin, P. Jaiswal, PM, P. Tien 1304.7011
+work in progress

OR HOW I LEARNED TO STOP 
WORRYING AND LOVE SM 

MEASUREMENTS



OR HOW I LEARNED TO STOP 
WORRYING AND LOVE SM 

MEASUREMENTS

Patrick Meade
Yang Institute for Theoretical Physics

Stony Brook University

Based on:
D. Curtin, P. Jaiswal, PM 1206.6888

D. Curtin, P. Jaiswal, PM, P. Tien 1304.7011
+work in progress

100 TeV



GREAT WORKSHOP

Eliezer  Rabinovici

Misha  Shifman

David  Shih

Paul  Steinhardt

David  Tong

Henry  Tye

PiePierre  Vanhove

Tsutomu  Yanagida

Nima  Arkani-Hamed

Iosif  Bena

Zvi  Bern

Johannes  Henn

Zohar  Komargodski

Patrick  Meade

VV.P.  Nair

Jun  Nishimura

What have we learned 
thus far?



GREAT WORKSHOP

Eliezer  Rabinovici

Misha  Shifman

David  Shih

Paul  Steinhardt

David  Tong

Henry  Tye

PiePierre  Vanhove

Tsutomu  Yanagida

Nima  Arkani-Hamed

Iosif  Bena

Zvi  Bern

Johannes  Henn

Zohar  Komargodski

Patrick  Meade

VV.P.  Nair

Jun  Nishimura

What we’ve heard

Blackhat agrees well 
with LHC data

is at ~125 GeV

haven’t seen
anything...

SUSY at 100 TeV?



WHAT THEORISTS WERE 
SAYING PRE LHC

SUSY is
right around
the corner

We’ll see DM

We’ll see KK states

We’ll explain
the baryon
asymmetry



POST 7 AND 8 TEV RUNS
Maybe SUSY is 

at 100 TeV
Maybe it’s just

the Higgs

Maybe DM is
an axion

Have we reached
the end of 

particle physics?



WHIPLASH OF PREDICTIONS...



WHIPLASH OF PREDICTIONS...

or even some resurrected ones...
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US WITHOUT THE EXTRA BRAVADO?
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Figure 2: NLO production cross sections for wino pairs (left) and gluino pairs (right). The dashed
lines indicate 10 fb, 1 fb and 0.1 fb, while the blue, red and green curves correspond to Tevatron,
7 TeV LHC, and 14 TeV LHC. The 10 fb rate roughly corresponds to the kinematic reach of the
current 1/fb LHC searches. The 1 fb rate corresponds to the kinematic limit for the Tevatron and the
7 TeV LHC, both of which will collect O(10 fb�1) of data in their complete runs. Finally, the 0.1 fb
rate corresponds to the kinematic limit for the 14 TeV LHC, which is expected to collect O(100 fb�1)
in total.

di↵erent jet multiplicities and kinematics in determining the limits. We will find that for
NLSPs with the cleanest final states (bino NLSP with ��+MET; slepton co-NLSPs with
same-sign dileptons+MET), the limits on gluino mass are nearly 1000 GeV. So already with
1/fb we are very close to the kinematic limit for 7 TeV LHC in these scenarios. Most of
the discovery potential at 7 TeV has already been used up here. For more complicated cases
(squeezed spectra, multiple final states, third generation), the limits on the gluino mass are
much weaker, ranging typically from 600-800 GeV. So there is considerable room for growth
and improvement here. Finally, we find that the only existing LHC searches that constrain
electroweak production are the ATLAS and CMS ��+MET searches, which constrain winos
decaying to bino NLSPs. There is a large amount of growth possible in probing electroweak
production of new particles.

There is already a large literature (too large to review here) interpreting LHC results as
SUSY limits, so it is worthwhile to make some remarks on our motivation and how our work fits
into that broader context. Most of the existing work studies spectra involving all the MSSM
particles, often from a top-down point of view (such as the CMSSM) or in high-dimensional
parameter spaces. These models have an abundance of possible production modes and decays,
and it is di�cult to isolate the physics that goes into setting limits.

We believe that, at this point, a study in terms of simplified spectra is sorely needed, and
substantially di↵erent from studies of the full MSSM. In the absence of any discovery, our main
goal in studying LHC limits on supersymmetry is twofold: first, to obtain a global picture of
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Maximize Signal



WHERE HAS THE LHC REALLY TAKEN 
US WITHOUT THE EXTRA BRAVADO?
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WHERE HAS THE LHC REALLY TAKEN 
US WITHOUT THE EXTRA BRAVADO?

Does

Maximize
signal + Minimize 

Background= ?

not necessarily



A PURPOSE DRIVEN LIFE... AT 
LEAST FOR COLLIDERS...

We must gain as much information from a given experiment
since there may be “anomalies” later we have to contend with
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We must gain as much information from a given experiment
since there may be “anomalies” later we have to contend with



A PURPOSE DRIVEN LIFE... AT 
LEAST FOR COLLIDERS...

Had to go back to UA2! to test dijet hypotheses not the 
Tevatron or LHC!?



HOW FAR CAN THE LHC GO?

To discover/constrain
new physics

�s ⇥ ✏⇥A

�b ⇥ ✏⇥A

Want:
Big

Small

Unfortunately these don’t both
occur when both scales are the EW scale     



BOUNDS ON SUSY (MET) 
PRE LHC
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LHC

BOUNDS ON SUSY (MET) 
CURRENT LHC

Here be 
dragons...



PLAN FOR REST OF  THE TALK



PLAN FOR REST OF  THE TALK
• Show that there may be new physics lurking in the EW sector

• Give the only examples I know of at the LHC where NP fits the data 
significantly better than the SM itself!

• charginos

• stops

• sleptons

• Demonstrate a new way to understand the EW scale using SM Standard 
Candles
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SEE NEW PHYSICS?
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SEE NEW PHYSICS?

BSM
Physics

Theorists



WHERE CAN YOU EXPECT TO 
SEE NEW PHYSICS?

• Could always be just around the corner at the next energy 
scale

•We could already be sitting on top of it, we just have to look 
more carefully and become more sensitive!

• Higgs...

• top         ?

•Other things?

AFB



WHERE CAN YOU EXPECT TO 
SEE NEW PHYSICS?

Higgs

TopEW Gauge
Bosons

IMPORTANCE
TO LOOK FOR

AT LHC



WHERE TO FIND NEW PHYSICS?



WHERE TO FIND NEW PHYSICS?



SM CROSS SECTION PLOTSummary of W, Z, and Top Production 

9 Highlights from the LHC 

• Very similar agreement with (N)NLO predictions is observed by CMS 
 
 

single boson di-boson 
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11

√s = 8 TeV

Expected contribution from 125 GeV 
Higgs boson ~ 3% of WW yield

CMS and ATLAS cross sections slightly above theoretical prediction
Difference between 8 TeV result and theory value is (22 ± 13)% of theory value

CMS-SMP-12-005 

CMS-SMP-12-013

arXiv:1210.2979

CMS-SMP-12-013

VISUAL “EVIDENCE”



WW CROSS SECTION
• In principle the LHC makes 8 measurements highly sensitive to 

the WW cross section

• SM WW at CMS7, ATLAS7, CMS8, ATLAS8

• h    WW at CMS7, ATLAS7, CMS8, ATLAS8

•What’s the status?
Every reported* measurement is 

higher than the SM
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WW CROSS SECTION
• In principle the LHC makes 8 measurements highly sensitive to 

the WW cross section

• SM WW at CMS7, ATLAS7, CMS8, ATLAS8

• h    WW at CMS7, ATLAS7, CMS8, ATLAS8

•What’s the status?
Every reported* measurement is 

higher than the SM

NOT Fermi line high...

Not astrophysics either... 



WW CROSS SEC MEASUREMENTS
ATLAS 7
�(pp ! W+W�) = 53.4± 2.1(stat)± 4.5(sys)± 2.1(lum) pb

CMS 7
�(pp ! W+W�) = 52.4± 2(stat)± 4.5(sys)± 1.2(lum) pb

NLO theory at 7 TeV
�(pp ! W+W�) = 45.1± 2.8 pb

�(pp ! W+W�) = 47± 2 pb

ATLAS MC@NLO
MCFM

Campbell,
Ellis,

Williams



WW CROSS SEC MEASUREMENTS
ATLAS 7
�(pp ! W+W�) = 53.4± 2.1(stat)± 4.5(sys)± 2.1(lum) pb

CMS 7
�(pp ! W+W�) = 52.4± 2(stat)± 4.5(sys)± 1.2(lum) pb

NLO theory at 7 TeV
�(pp ! W+W�) = 45.1± 2.8 pb

�(pp ! W+W�) = 47± 2 pb

ATLAS MC@NLO
MCFM

Campbell,
Ellis,

Williams

1.4  and 1  , this is an 
anomaly???

ATLAS and CMS are more 
consistent with each other than the SM...

NOT just a “rate” anomaly

��





CMS 8 TEV 3.5/FB

8

WW→2�2ν at 8 TeV: systematics & results

                                                                         

NLO prediction (MCFM): 57.25 (          ) pb

                     5%

Need to 
improve

                                   

•Already 4% statistical precision
•About 1.8σ higher than the NLO prediction

includes jet veto 
uncertainty

                  Drell Yan

σ = 69.9 ± 2.8 (stat) ± 5.6 (sys) ± 3.1 (lum) pb 

  4.4%

+2.35
−1.60
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CMS8Results

Doesn’t look too bad?
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Looks pretty good...
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Looks pretty good...



NO EXTRA NORMALIZATION...

Results
Let’s remove the
data-driven normalization
of our cross section
MEASUREMENT...

31

Results
Let’s remove the
data-driven normalization
of our cross section
MEASUREMENT...

31



Upward fluctuations in all measurements or a trend?

Two roads diverged in a yellow wood,
and sorry I could not travel both... 

New PhysicsSM calculation 
wrong
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Will come back to the less traveled one
and that of course may make all the difference...



Upward fluctuations in all measurements or a trend?

Two roads diverged in a yellow wood,
and sorry I could not travel both... 

New PhysicsSM calculation 
wrong

Will come back to the less traveled one
and that of course may make all the difference...

* spoiler alert: Not really... 



INGREDIENTS FOR BSM EXPLANATION
•Need to first understand what it MEANS to measure the 

WW cross section!

2

This paper is organized as follows. Section II describes
the overall analysis strategy. Section III describes the
ATLAS detector. Section IV summarizes the Monte
Carlo (MC) simulation used for the signal and back-
ground modeling. Section V details the reconstruction of
final state objects and event selection criteria. Sections
VI and VII describe the WW signal and background es-
timation. Results are presented in Sec. VIII for inclusive
and fiducial cross sections; in Sec. IX for the normal-
ized di↵erential fiducial cross section as a function of the
transverse momentum (p

T

) [16] of the lepton with higher
p
T

(denoted by the “leading lepton”); and in Sec. X for
limits on anomalous WWZ and WW� TGCs. Conclu-
sions are drawn in Sec. XI.

II. ANALYSIS STRATEGY

Candidate WW events are selected with two opposite-
sign charged leptons (electrons or muons) and large miss-
ing transverse momentum (Emiss

T

), a signature referred
to “``0 + Emiss

T

” in this paper. The cross section is mea-
sured in a fiducial phase space and also in the total phase
space. The fiducial phase space is defined in Sec. VI and
is chosen to be close to the phase space defined by the
o✏ine selection criteria. The fiducial cross section �fid

WW
for the pp ! WW+X ! `⌫`0⌫0+X process is calculated
according to the equation:

�fid

WW =
N

data

�N
bkg

CWW ⇥ L , (1)

where N
data

and N
bkg

are the number of observed data
events and estimated background events, respectively.
CWW is estimated from simulation and is defined as the
ratio of the number of events satisfying all o✏ine selec-
tion criteria to the number of events produced in the
fiducial phase space, and L is the integrated luminosity
of the data sample.

The total cross section �WW for the pp ! WW + X
process is calculated for each channel using the equation:

�WW =
N

data

�N
bkg

CWW ⇥AWW ⇥ BR⇥ L , (2)

where AWW represents the kinematic and geometric ac-
ceptance from the total phase space to the fiducial phase
space, and BR is the branching ratio for both W bosons
decaying into e⌫ or µ⌫ (including decays through ⌧
leptons with additional neutrinos). The combined to-
tal cross section from the three channels is determined
by minimizing a negative log-likelihood function as de-
scribed in Sec. VIII.

To obtain the normalized di↵erential WW cross sec-
tion in the fiducial phase space, the reconstructed lead-
ing lepton p

T

distribution is corrected for detector e↵ects
after the subtraction of background contamination. The
measured leading lepton p

T

spectrum is also used to ex-
tract anomalous WWZ and WW� TGCs.

III. THE ATLAS DETECTOR

The ATLAS detector [17] is a multi-purpose particle
physics detector with approximately forward-backward
symmetric cylindrical geometry. The inner detector (ID)
system is immersed in a 2 T axial magnetic field and pro-
vides tracking information for charged particles in the
pseudorapidity range |⌘| < 2.5. It consists of a silicon
pixel detector, a silicon microstrip detector, and a tran-
sition radiation tracker.
The calorimeter system covers the pseudorapidity

range |⌘| < 4.9. The highly segmented electromagnetic
calorimeter consists of lead absorbers with liquid-argon
(LAr) as active material and covers the pseudorapidity
range |⌘| < 3.2. In the region |⌘| < 1.8, a pre-sampler
detector using a thin layer of LAr is used to correct
for the energy lost by electrons and photons upstream
of the calorimeter. The hadronic tile calorimeter is a
steel/scintillating-tile detector and is situated directly
outside the envelope of the electromagnetic calorimeter.
The two endcap hadronic calorimeters have LAr as the
active material and copper absorbers. The calorimeter
coverage is extended to |⌘| = 4.9 by a forward calorime-
ter with LAr as active material and copper and tungsten
as absorber material.
The muon spectrometer measures the deflection of

muons in the large superconducting air-core toroid mag-
nets. It covers the pseudorapidity range |⌘| < 2.7 and
is instrumented with separate trigger and high-precision
tracking chambers. A precision measurement of the track
coordinates in the principal bending direction of the mag-
netic field is provided by drift tubes in the pseudora-
pidity range |⌘| < 2.0. At large pseudorapidities, cath-
ode strip chambers with higher granularity are used in
the innermost plane over 2.0 < |⌘| < 2.7. The muon
trigger system, which covers the pseudorapidity range
|⌘| < 2.4, consists of resistive plate chambers in the bar-
rel (|⌘| < 1.05) and thin gap chambers in the endcap
regions (1.05 < |⌘| < 2.4).
A three-level trigger system is used to select events

for o✏ine analysis. The level-1 trigger is implemented
in hardware and uses a subset of detector information
to reduce the event rate to a design value of at most
75 kHz. This is followed by two software-based trigger
levels, level-2 and the event filter, which together reduce
the event rate to about 400 Hz which is recorded for
analysis.

IV. MONTE CARLO SIMULATION

Signal WW events are modeled using MC-simulated
samples, while contributions from various SM back-
ground physics processes are estimated using a combi-
nation of MC samples and control samples from data.
MC events are generated at

p
s = 7 TeV and pro-

cessed through the full detector simulation [18] based on
geant4 [19]. The simulation includes the modeling of

Total
cross section

Process
Want to measure WW cross section in dileptonic final 
state

~10% ~3%

• Previous measurements compatible with SM, but large 
error bars
• Important background to Higgs searches

4

Count opposite sign dileptons + MET in a fiducial region
with a jet veto and a few other requirements



INGREDIENTS FOR BSM 
EXPLANATION

• ATLAS and CMS both measure OS dileptons + MET with a 
jet VETO

• Final state needs to be OS leptons+MET with nothing else 
essentially

•Does NOT imply there have to be REAL W’s

•Doesn’t hurt either if there are!



EXPERIMENTALIST’S FAVORITE 
DIBOSON TOOL...



AN EXPLANATION?

NO!  Need to affect the bulk not 
tails of distributions!



NEW PHYSICS EXPLANATION
•Measurement is 2 leptons + MET so we need this... (jet veto)

• Kinematics similar to WW of SM

•Need a cross section of a few pb to make a difference

What does all this and more? EW GAUGINOS!!



SUSY??

Focus hereFocus here
later

Not talking about SUSY in general, e.g. 
Higgs mass see talks by Yanagida and Shih



EXAMPLE TOPOLOGIES FOR 
WW+MET



DON’T LIKE SUSY??

“Heavy Lepton”



 GRAVITY MEDIATED 
SPECTRUM
�±
1 ,�

0
2

�0
1

O(100 GeV)

O(GeV)

Could be at LEP limit!
Amusingly the right point

to affect the cross section significantly...



EXAMPLE TOPOLOGIES
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FIG. 1: Examples of electroweak gaugino production and decay. In the left diagram Chargino pair production is shown which
leads to W+W� + MET final states, while on the right, associated Chargino-Neutralino production is shown which gives
W±Z + MET final states.

In the rest of this letter, we will quantitatively demon-
strate the e↵ects of a particular SUSY scenario for the
W+W� measurement. We then investigate the bounds
on these scenarios, and their contributions to other multi-
gauge boson and Higgs measurements/searches. Finally
we discuss the impact of this scenario and possible ways
to test for it and other closely related scenarios in the
future. While the discrepancies in W+W� may sim-
ply be due to background modeling, this letter clearly
demonstrates that EW charginos could have been hiding
in plain sight, and can improve a number of SM measure-
ments done thus far at the LHC.

W+W� CROSS SECTION

ATLAS [1] and CMS [2] measure the W+W� produc-
tion cross section in the dileptonic final state ee, µµ or
eµ with 5 fb�1 of LHC7 data. The main backgrounds to
pp ! W�W� ! `+`�⌫⌫̄ are Drell-Yan, top quark, W
+ jet and other diboson production. ATLAS imposes a
series of cuts designed to remove excess jet activity and
focus on real OS leptons (not from a Z) + MET, without
an upper cut on MET. CMS imposes similar cuts if not
softer cuts, but has di↵erent restrictions on the dilepton
system overall and imposes additional vetoes, resulting
in higher signal purity with comparable e�ciency. AT-
LAS and CMS also use di↵erent methods to estimate
their acceptances for signal. In the end their similar but
still di↵erent approaches result in extremely consistent
measured central values for the W+W� cross section,
making the particular value measured appear even more
compelling.

To demonstrate the agreement or lack thereof between
data and the SM, kinematic distributions from ATLAS
are shown in Figure 2 (CMS has similar but slightly fewer

kinematic distributions available). There is some dis-
agreement, not only in the overall normalization but also
in the shape – bins at high and low values of the kine-
matic variables generally fit quite well, while the mid-
dle bins display somewhat more significant excesses. As
mentioned earlier, if new particles are produced which
then decay into OS leptons and missing energy one could
potentially explain discrepancies with the data. Within
the supersymmetric framework, pair-produced charginos
are a natural candidate for such particles, though our
statements are more broadly applicable in the simplified
model context.

In order to display similar kinematics in their de-
cay products as W+W� and improve agreement with
data, charginos must decay via on-shell W ’s and be pair-
produced with a cross section of a few pb. Together
with the LEP mass bound [3], this implies 100 GeV .
m�̃±

1
. 130 GeV, wino-like charginos, and a mass gap to

an invisible detector-stable particle larger than mW [27].
This can easily be achieved both in gravity mediation
(with a light bino LSP) or gauge mediation (with a grav-
itino LSP). The constraints on these scenarios will be
discussed in the next section. Here, we will demonstrate
the improved agreement with data that can be achieved
by adding the contribution of chargino pair production
to the W+W� SM predictions.

The parameter point we use as an example is a grav-
ity mediation inspired spectrum with m�̃±

1
⇡ 112 GeV,

m�̃0
1

⇡ 15 GeV (tan� = 10, and all other SUSY mass
parameters are set beyond a TeV). This works partic-
ularly well, but we emphasize that agreement with the
data is significantly improved for any chargino scenario
that matches the requirements outlined above. The most
important parameter is the chargino mass, since it deter-
mines the pair production cross section. Lower masses
are generally more helpful for explaining the W+W�
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FIG. 1: Examples of electroweak gaugino production and decay. In the left diagram Chargino pair production is shown which
leads to W+W� + MET final states, while on the right, associated Chargino-Neutralino production is shown which gives
W±Z + MET final states.

In the rest of this letter, we will quantitatively demon-
strate the e↵ects of a particular SUSY scenario for the
W+W� measurement. We then investigate the bounds
on these scenarios, and their contributions to other multi-
gauge boson and Higgs measurements/searches. Finally
we discuss the impact of this scenario and possible ways
to test for it and other closely related scenarios in the
future. While the discrepancies in W+W� may sim-
ply be due to background modeling, this letter clearly
demonstrates that EW charginos could have been hiding
in plain sight, and can improve a number of SM measure-
ments done thus far at the LHC.

W+W� CROSS SECTION

ATLAS [1] and CMS [2] measure the W+W� produc-
tion cross section in the dileptonic final state ee, µµ or
eµ with 5 fb�1 of LHC7 data. The main backgrounds to
pp ! W�W� ! `+`�⌫⌫̄ are Drell-Yan, top quark, W
+ jet and other diboson production. ATLAS imposes a
series of cuts designed to remove excess jet activity and
focus on real OS leptons (not from a Z) + MET, without
an upper cut on MET. CMS imposes similar cuts if not
softer cuts, but has di↵erent restrictions on the dilepton
system overall and imposes additional vetoes, resulting
in higher signal purity with comparable e�ciency. AT-
LAS and CMS also use di↵erent methods to estimate
their acceptances for signal. In the end their similar but
still di↵erent approaches result in extremely consistent
measured central values for the W+W� cross section,
making the particular value measured appear even more
compelling.

To demonstrate the agreement or lack thereof between
data and the SM, kinematic distributions from ATLAS
are shown in Figure 2 (CMS has similar but slightly fewer

kinematic distributions available). There is some dis-
agreement, not only in the overall normalization but also
in the shape – bins at high and low values of the kine-
matic variables generally fit quite well, while the mid-
dle bins display somewhat more significant excesses. As
mentioned earlier, if new particles are produced which
then decay into OS leptons and missing energy one could
potentially explain discrepancies with the data. Within
the supersymmetric framework, pair-produced charginos
are a natural candidate for such particles, though our
statements are more broadly applicable in the simplified
model context.

In order to display similar kinematics in their de-
cay products as W+W� and improve agreement with
data, charginos must decay via on-shell W ’s and be pair-
produced with a cross section of a few pb. Together
with the LEP mass bound [3], this implies 100 GeV .
m�̃±

1
. 130 GeV, wino-like charginos, and a mass gap to

an invisible detector-stable particle larger than mW [27].
This can easily be achieved both in gravity mediation
(with a light bino LSP) or gauge mediation (with a grav-
itino LSP). The constraints on these scenarios will be
discussed in the next section. Here, we will demonstrate
the improved agreement with data that can be achieved
by adding the contribution of chargino pair production
to the W+W� SM predictions.

The parameter point we use as an example is a grav-
ity mediation inspired spectrum with m�̃±

1
⇡ 112 GeV,

m�̃0
1

⇡ 15 GeV (tan� = 10, and all other SUSY mass
parameters are set beyond a TeV). This works partic-
ularly well, but we emphasize that agreement with the
data is significantly improved for any chargino scenario
that matches the requirements outlined above. The most
important parameter is the chargino mass, since it deter-
mines the pair production cross section. Lower masses
are generally more helpful for explaining the W+W�
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ARE THERE WAYS OUT? WW 
WITHOUT WH AND WZ??

• Chargino NLSP in Gauge Mediated SUSY breaking

• low tan beta, large Wino-Higgsino mixing 2
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FIG. 1: Examples of electroweak gaugino production and decay for our gauge-mediated SUSY benchmark model (Chargino
pairs on the left and Chargino-Neutralino on the right). Both processes give a W+W� + MET final state, since the decay
products of the o↵-shell W ⇤ in the right diagram are typically too soft to be detected.

In the rest of this letter, we will quantitatively demon-
strate the e↵ects of a particular SUSY scenario for the
W+W� measurement at 7 TeV and 8 TeV. We then in-
vestigate the bounds on these scenarios, and their contri-
butions to other multi-gauge boson and Higgs measure-
ments/searches. Finally we discuss the impact of this
scenario and possible ways to test for it and other closely
related scenarios in the future. While the discrepancies
in W+W� may simply be due to background model-
ing, this letter clearly demonstrates that EW charginos
could have been hiding in plain sight, and can improve a
number of SM measurements done thus far at the LHC.

W+W� CROSS SECTION AT 7 TEV

ATLAS [1] and CMS [2] measure the W+W� produc-
tion cross section in the dileptonic final state ee, µµ or
eµ with 5 fb�1 of LHC7 data. The main backgrounds to
pp ! W�W� ! `+`�⌫⌫̄ are Drell-Yan, top quark, W
+ jet and other diboson production. ATLAS imposes a
series of cuts designed to remove excess jet activity and
focus on real OS leptons (not from a Z) + MET, without
an upper cut on MET. CMS imposes similar if not softer
cuts, but has di↵erent restrictions on the dilepton sys-
tem overall and imposes additional vetoes, resulting in
higher signal purity. Both analyses have an acceptance
of about 6% for pair-produced W ’s in the fully leptonic
channel. ATLAS and CMS also use di↵erent methods to
estimate their acceptances for signal. In the end their
similar but still di↵erent approaches result in extremely
consistent measured central values for the W+W� cross
section, perhaps making the particular value measured
quite compelling.

To demonstrate the agreement or lack thereof between
data and the SM, kinematic distributions from ATLAS
are shown in Figure 2 (CMS has similar but slightly fewer
kinematic distributions available). There is some dis-

agreement, not only in the overall normalization but also
in the shape – bins at high and low values of the kine-
matic variables generally fit quite well, while the middle
bins display somewhat more significant excesses. As men-
tioned earlier, if new particles are produced which then
decay into OS leptons and missing energy, one could po-
tentially explain discrepancies with the data. Within the
MSSM framework, pair-produced charginos are a natural
candidate for such particles, though our statements are
more broadly applicable in the simplified model context.

In order to display similar kinematics to SM W+W�

and improve agreement with data, the simplest possi-
bility is for charginos to decay via on-shell W ’s with a
production cross section of a few pb, setting a rough up-
per bound on their mass scale. Slightly more complicated
possibilities arise through decays via either o↵ shell W’s
or slepton decays. Taking into account the chargino mass
bound from LEP [4], this implies 100 GeV . m

�̃

±
1

.
130 GeV, wino-like charginos, and a mass gap to an in-
visible detector-stable particle larger than m

W

[37]. This
can easily be achieved both in gravity mediation (with
a light bino LSP) or gauge mediation (with a gravitino
LSP). However, recent trilepton searches from ATLAS
[6], and searches for associated production of W±h in
the bb̄ channel [7], significantly constrain �±�0 decays
into W±h or W±Z final states. We will discuss these
bounds later in this letter, but ultimately they lead to
two possible SUSY scenarios for increasing the W+W�

cross section that remain in agreement with all other ex-
perimental data. The first is a gauge mediated scenario
with chargino NLSP, resulting in exclusively W+W� +
MET final states. The second scenario, which is realized
in gravity mediation, relies on an intermediate slepton to
avoid �0

2 ! �0
1h/Z decays and soften lepton p

T

’s su�-
ciently to avoid bounds. In this letter we focus on the
first scenario as a benchmark while the second, which
doesn’t rely on actual W ’s to a↵ect the W+W� cross

m�±
1
⇡ 110GeV

m�0
1
⇡ 113GeV

m�0
2
⇡ 130GeV �NLO ⇠ 4.3 pb
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FIG. 3: The total SM prediction (signal + background) from the LHC8 CMS W+W� study [3], with additional contributions
from a 125 GeV SM higgs and chargino pair production in the best-fit chargino NLSP scenario (m�̃+

1
= 110 GeV) shown. The

gray hashed bands represent the uncertainty of the SM prediction. The legend is the same as for Figure 2

trilepton signal is suppressed (though not completely ab-
sent, due to the non-negligible �±

1 -�
0
2 mass di↵erence),

but chargino-neutralino production produces a signifi-
cant amount of same-sign dilepton signal, making con-
straints from new ATLAS dilepton searches [23, 24] rele-
vant. We simulated the signal produced by our scenario
in these searches [6, 7, 23, 24, 28, 29] using the same
Monte-Carlo setup as for the W+W� cross section mea-
surement. Each search is still consistent well within one
sigma, though it could be possible for same-sign dilep-
ton searches to discover this scenario with the full 8 TeV
LHC data set.

GAUGE BOSON PHENOMENOLOGY

Given the current bounds on trilepton [6] signatures,
any new physics must primarily a↵ect only the W+W�

cross section, leaving W±Z and W±� mostly una↵ected.
To illustrate this, consider the gravity mediated sce-

nario discussed in the previous section, with Winos al-
ways decaying to a Bino-like neutralino LSP via on-shell
W ’s and Z’s. In this case the trilepton bounds push the
allowed mass of the Winos to m

�

±
1

& 190 GeV, which
makes the wino pair production cross section so small
that the �2/N

dof

improvement of the W+W� measure-
ment is negligible, less than ⇠ 5%.

Since our chargino NLSP scenario evades these trilep-

ton bounds there is no a↵ect on multi-gauge boson phe-
nomenology other than multi-W . There will be signa-
tures of same-sign W gauge boson production with addi-
tional soft jets or leptons arising from �±�0 production
and decay. As discussed in the previous section, same-
sign dilepton searches [23, 24] are not yet sensitive enough
to rule out this signal.
The possibly viable gravity mediated scenario with in-

termediate sleptons [13] could feature additional “gauge
boson” signatures, because in addition to producing
``+MET final states (even though no W ’s are involved)
there is also the possibility for `+MET production, show-
ing up in single W -measurements.

HIGGS PHENOMENOLOGY

Modifying the e↵ective W+W� cross section through
BSM contributions could significantly a↵ect h !
W+W� measurements since both ATLAS [32] and CMS
[33] searches use data-driven techniques to estimate
W+W� background. The Monte Carlo output is normal-
ized to fit the data in a control region, and that “renor-
malization” is carried over into the signal region.
However, we find that generically the Higgs search sen-

sitivities are not modified. In a BSM scenario like ours,
where the kinematics are very similar to W+W�, the
control and signal regions are contaminated in proportion

SM p-value .001 SM+charginos .3
SM+h .1 SM+h+charginos .75
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SCENARIO

• SS dileptons

•OS dileptons

HCP says watch out for SS dileptons*
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OTHER EFFECTS FROM 
CHARGINOS

•Will not affect                     sensitivity (most models that 
do this are dead at 9-10 sigma)

• Shows up in control regions

• Amusingly increases               about 15%

• Same sign dileptons by end of 8 TeV should confirm/rule out

•Other transverse variables that can separate NP/SM WW/
QCD

h ! W+W�

h ! ��



CHARGINOS FROM STRONG 
PRODUCTION?

an excess in the WW cross section measurement, while avoiding constraints from searches

in other channels. However, the size of enhancement is limited by the LEP limits [7] on

the chargino mass. Nevertheless, the chargino contribution can be significant and would

allow to decrease the tension between the prediction and measurement, provided charginos

are light and close to the existing bounds, m�̃±
1
⇠ O(100 GeV).

The other example of supersymmetric process that could contribute to the WW

cross section measurement is pair production of top squarks, as we argue in this paper.

Light stops, motivated by naturalness argument [8–11], are extensively searched for at the

LHC [12–15]. Cross section is not a limiting factor here — for m
˜t1 ⇠ 200 GeV it easily

exceeds 10 fb. On the other hand, since stops decay hadronically one has to suppress the

number of jets in the final state, in order to contribute to the leptonic final state without

jets. This can be achieved by placing a chargino with a mass only slightly lower than the

stop mass. The b-jets produced in the two-body stop decay, t̃
1

! �̃±
1

b, would be then

too soft to be reconstructed. The chargino would further decay with on- or o↵-shell W ,

contributing to the dilepton final state,

t̃
1

! �̃±
1

b ! �̃0

1

W (⇤) b ! �̃0

1

` ⌫ b . (1.1)

The other possibility could be provided by three- or four-body stop decays where kinematics

also limits pT of b-jets, however keeping in mind limits from the LHC searches [11, 16, 17].

The stop production with a subsequent two-body decay is on the other hand constrained

by a dedicated ATLAS study [13]. However, because of the applied mT2

cut, sensitivity

of this search does not significantly a↵ect a part of parameter space where W becomes

o↵-shell. Therefore, in section 3 we fit the signal of the stop pair production, followed by

the decay chain eq. (1.1), in order to find the minimal supersymmetric standard model

(MSSM) parameters compatible with the WW cross section measurement.

The paper is organised as follows. In the next section we briefly discuss the WW

cross section measurements, the relevant top squark search and simulation procedure. In

section 3 we perform a scan of the stop-neutralino masses to find a region consistent with

the WW excess and discuss a method to distinguish SUSY signal from SM processes.

Finally, we conclude in section 4.

2 WW and stop searches

Both ATLAS and CMS have published WW pair production searches. ATLAS measured

the WW production cross section in pp collisions at
p
s = 7 TeV [1], while CMS published

results for
p
s = 7 TeV [3] and 8 TeV [5] using L

int

= 4.92 fb�1 and 3.54 fb�1, respectively.

As discussed in Introduction, in both cases there was an excess in the observed number

of events compared to the SM prediction. The experiments were looking at the leptonic

channel, where the final state consists of two oppositely charged leptons (the same or

opposite flavour) and missing transverse energy, `+`� + Emiss

T . In the following we briefly

recapitulate the ATLAS and CMS searches.

The main SM backgrounds for pp ! W+W� ! `+`�⌫⌫̄ process originate from top

quark production, Drell-Yan processes and other diboson pairs. In order to suppress top

– 2 –
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Figure 1. The �2, eq. (3.1), distributions in the (m
˜t1 ,m�̃0

1
) plane for each of the measurements,

ATLAS7, CMS7 and CMS8. In the (d) panel, a combination of all three is shown. Blue areas
represent the lowest values of �2 and the region preferred by the experiments. A green dashed line
indicates kinematical threshold for �̃±

1

! W±�̃0

1

decay. The shaded region below a black line is
excluded by the ATLAS direct search [13]. A dashed purple line shows a 68% CL region.

becomes softer as moving away from the line, which in turn requires a smaller stop mass

to compensate degradation of the e�ciency by an enhancement of the cross section. In

the region below this line, the W from the two-body decay, �̃±
1

! W �̃0

1

, becomes more

energetic as moving away from the threshold. This results in degradation of the e�ciency,

because the lepton and neutrino from the boosted W decay are collimated, leading to a

smaller projected Emiss

T . The neutralinos do not contribute much to the Emiss

T , because

in the near-threshold region they tend to be back-to-back in the transverse plane and

their contributions cancel out. In the opposite limit, m�̃0
1
⌧ mW , most of the chargino

momentum is carried by the W and the neutralino becomes soft.

The dashed purple curves show the 68% CL regions. The regions are somewhat broad

for ATLAS7 and CMS7. In fact, the SM prediction agrees with the data within 1-�

accuracy for CMS7, therefore adding the stop contribution does not provide a meaningful

– 5 –
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Figure 2. Distributions of (a) the leading lepton transverse momentum pmax

T , (b) the trailing
lepton transverse momentum pmin

T , (c) the dilepton system transverse momentum p``T , and (d)
the dilepton invariant mass m``. The SM, Higgs and stop contributions are shown separately. The
genuine stop contribution is also depicted for comparison and multiplied by factor 5 for convenience.
The SM event numbers, data points and errors are taken from ref. [5]. We follow a convention
proposed in ref. [6] in presenting this plot.

we discuss here an angular distribution that could help to discriminate between the SM

contribution and supersymmetric origin. As a working point we choose the benchmark

scenario discussed in the previous subsection: m
˜t1 = 200 GeV, m�̃±

1
= 190 GeV and

m�̃0
1
= 105 GeV.

Due to di↵erent spins and production mechanisms of W bosons and top squarks one

can expect di↵erences in the polar angle distribution of initially produced particles in the

hard process center-of-mass frame, as discussed in refs. [34–37]. This indeed is the case

as can be seen in figure 3(a), where WW production exhibits a strong enhancement in

the forward direction. In case of stops, the e↵ect is much less pronounced even though

the forward direction is also preferred. As discussed in ref. [37], such a di↵erence could

a↵ect angular distributions of the final state particles and provide a strong discrimination

– 7 –
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NO ONE SAID THERE HAD TO 
BE REAL W BOSONS!



NO ONE SAID THERE HAD TO 
BE REAL W BOSONS!

Smaller cross section

Harder MET (naively)
since 2 body MET



TURNS OUT IT FITS JUST AS 
WELL...
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Goodness-Of-Fit Tests HATLAS_WW_5ifbL
Distribution Ndof c2 HBGL cc H cc + H c2êNdof HBGL cc H cc + H pvalue HBGL cc H cc + H

pTHL1L 14 17.5 10.5 15.9 9.95 1.25 0.747 1.14 0.711 0.229 0.728 0.317 0.766
pTHL2L 10 7.67 1.99 6.38 1.40 0.767 0.199 0.638 0.140 0.661 0.996 0.783 0.999
pTHLLL 14 13.8 6.60 11.7 6.11 0.984 0.471 0.834 0.437 0.466 0.949 0.632 0.964
DfHLLL 20 23.6 11.5 18.7 9.84 1.18 0.577 0.935 0.492 0.260 0.931 0.542 0.971

mTHLL ETmissL 15 14.2 6.47 12.8 5.93 0.945 0.431 0.854 0.395 0.513 0.971 0.617 0.981

pTHLL ETmissL 10 8.10 3.33 6.03 3.14 0.810 0.333 0.603 0.314 0.620 0.973 0.813 0.978
Combined 83 84.8 40.4 71.5 36.4 1.02 0.486 0.862 0.438 0.423 1.00 0.811 1.00

process LO xsection NLO xsection K-factor Br for decay s ¥ Br
pp Æ x1x1 856. 1110. 1.29673 0.10608 117.749
pp Æ x1x01 1540. 1993. 1.29416 0.10608 211.418
pp Æ x1x02 597. 773. 1.29481 0.10608 82.0002
pp Æ x01x01 0.618 0.782 1.26537 0.10608 0.0829549
pp Æ x02x02 0.582 0.732 1.25773 0.10608 0.0776509
pp Æ x01x02 302. 392. 1.29801 0.10608 41.5836

Cut Efficiencies HATLAS_WW_5ifbL
Cut Description NSIM % NccLHC Æ proc:
--------------- ------- ------- -------
before any cuts 150000 100. 2128.69 553.422 993.667 385.401 0.389888 0.364959 195.443
PASSING ANY OF THE LEPTON TRIGGERS 106643 71.0953 1511.63 394.789 705.583 273.064 0.280751 0.258888 137.654
exactly two leptons 41159 27.4393 579.436 152.08 268.25 105.43 0.109481 0.0998821 53.4653
pass jet veto 25017 16.678 381.669 104.53 182.954 62.1266 0.0727999 0.0424521 31.9432
opposite sign leptons 15074 10.0493 245.31 104.53 91.3776 32.4662 0.035511 0.0220581 16.8784
pass pT_LL > 25, 20 cut 11065 7.37667 182.159 78.0546 69.1592 22.7541 0.0274793 0.0147006 12.1487
pass mLL cut HmLL > 15 && »mLL - mZ» > 15 for eeêmumu, mLL > 10 for emuL 9687 6.458 158.662 68.1373 60.2559 19.7634 0.0245162 0.0131385 10.4679
pass ETmissREL > 50 GeV cut H25 for emuL 5831 3.88733 95.6853 41.1303 35.7322 12.1324 0.0140984 0.00773714 6.6685

MASS Mass Spectrum
24 8.04883348E+01 W+
25 1.12977914E+02 h
35 2.00160883E+03 H
36 2.00000000E+03 A
37 2.00202604E+03 H+
5 4.87877839E+00 b-quark pole mass calculated from mbHmbL_Msbar
1000001 8.07038143E+03 ~d_L
2000001 8.07025977E+03 ~d_R
1000002 8.07010838E+03 ~u_L
2000002 8.07017062E+03 ~u_R
1000003 8.07038143E+03 ~s_L
2000003 8.07025977E+03 ~s_R
1000004 8.07010838E+03 ~c_L
2000004 8.07017062E+03 ~c_R
1000005 6.06256084E+03 ~b_1
2000005 8.07026037E+03 ~b_2
1000006 5.97017282E+03 ~t_1
2000006 6.06103660E+03 ~t_2
1000011 8.00009146E+03 ~e_L
2000011 8.00008866E+03 ~e_R
1000012 7.99981987E+03 ~nu_eL
1000013 8.00009146E+03 ~mu_L
2000013 8.00008866E+03 ~mu_R
1000014 7.99981987E+03 ~nu_muL
1000015 8.00006452E+03 ~tau_1
2000015 8.00011598E+03 ~tau_2
1000016 7.99981987E+03 ~nu_tauL
1000021 2.53650773E+03 ~g
1000022 1.12833367E+02 ~chi_10
1000023 -1.30540790E+02 ~chi_20
1000025 -1.74673801E+02 ~chi_30
1000035 3.06539042E+02 ~chi_40
1000024 1.09640434E+02 ~chi_1+

1000037 3.06397741E+02 ~chi_2+

cp_slha_tb_6_mu_600_ML_105_M1_60_slepton_10000_
6_7000_2

Kinematic Distributions HATLAS_WW_5ifbL
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Goodness-Of-Fit Tests HATLAS_WW_5ifbL
Distribution Ndof c2 HBGL BSM H BSM + H c2êNdof HBGL BSM H BSM + H pvalue HBGL BSM H BSM + H

pTHL1L 14 17.5 11.4 15.9 10.1 1.25 0.811 1.14 0.718 0.229 0.658 0.317 0.758
pTHL2L 10 7.67 2.04 6.38 1.41 0.767 0.204 0.638 0.141 0.661 0.996 0.783 0.999
pTHLLL 14 13.8 8.43 11.7 7.46 0.984 0.602 0.834 0.533 0.466 0.866 0.632 0.915
DfHLLL 20 23.6 16.6 18.7 13.2 1.18 0.832 0.935 0.658 0.260 0.676 0.542 0.871

mTHLL ETmissL 15 14.2 8.76 12.8 7.60 0.945 0.584 0.854 0.507 0.513 0.890 0.617 0.939

pTHLL ETmissL 10 8.10 3.64 6.03 3.40 0.810 0.364 0.603 0.340 0.620 0.962 0.813 0.970
Combined 83 84.8 50.9 71.5 43.1 1.02 0.613 0.862 0.519 0.423 0.998 0.811 1.00

Cut Efficiencies HATLAS_WW_5ifbL
Cut Description NSIM % NBSMLHC Æ proc:
--------------- ------- ------- -------
before any cuts 10000 100. 1362.53 1362.53
PASSING ANY OF THE LEPTON TRIGGERS 5926 59.26 807.435 807.435
exactly two leptons 3605 36.05 491.192 491.192
pass jet veto 2416 24.16 329.187 329.187
opposite sign leptons 2416 24.16 329.187 329.187
pass pT_LL > 25, 20 cut 2013 20.13 274.277 274.277
pass mLL cut HmLL > 15 && »mLL - mZ» > 15 for eeêmumu, mLL > 10 for emuL 1627 16.27 221.684 221.684
pass ETmissREL > 50 GeV cut H25 for emuL 685 6.85 93.3333 93.3333

MASS Mass Spectrum @Pole massesD
24 8.02284766E+01 MW
25 1.25077959E+02 H1
35 1.99848294E+03 H2
36 1.99882524E+03 H3
37 2.00000000E+03 H+
5 3.97099375E+00 mbHmbL
1000001 6.00005050E+03 ~d_1
2000001 6.00027723E+03 ~d_2
1000002 5.99977328E+03 ~u_1
2000002 5.99989898E+03 ~u_2
1000003 6.00004735E+03 ~s_1
2000003 6.00028037E+03 ~s_2
1000004 5.99977310E+03 ~c_1
2000004 5.99989922E+03 ~c_2
1000005 5.99974832E+03 ~b_1
2000005 6.00057851E+03 ~b_2
1000006 5.90802295E+03 ~t_1
2000006 6.09281721E+03 ~t_2
1000011 1.13328201E+02 ~e_1
2000011 1.14627753E+02 ~e_2
1000012 8.42151834E+01 ~nu_eL
1000013 1.12162380E+02 ~mu_1
2000013 1.15768848E+02 ~mu_2
1000014 8.42151834E+01 ~nu_muL
1000015 8.03345923E+01 ~tau_1
2000015 1.39783746E+02 ~tau_2
1000016 8.42151834E+01 ~nu_tauL
1000021 2.00000000E+03 ~gHno RGL
1000022 5.86233056E+01 ~chi_10
1000023 5.36929465E+02 ~chi_20
1000025 6.02800377E+02 ~chi_30
1000035 6.67247607E+02 ~chi_40
1000024 5.36524783E+02 ~chi_1+

1000037 6.67093977E+02 ~chi_2+

l̃ �±



TURNS OUT IT FITS JUST AS 
WELL...

⇠ 110GeV

⇠ 60GeV

susyhit_slha_gmsb_m160_250_133_gm_25000_6_7000_
2
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Goodness-Of-Fit Tests HATLAS_WW_5ifbL
Distribution Ndof c2 HBGL cc H cc + H c2êNdof HBGL cc H cc + H pvalue HBGL cc H cc + H

pTHL1L 14 17.5 10.5 15.9 9.95 1.25 0.747 1.14 0.711 0.229 0.728 0.317 0.766
pTHL2L 10 7.67 1.99 6.38 1.40 0.767 0.199 0.638 0.140 0.661 0.996 0.783 0.999
pTHLLL 14 13.8 6.60 11.7 6.11 0.984 0.471 0.834 0.437 0.466 0.949 0.632 0.964
DfHLLL 20 23.6 11.5 18.7 9.84 1.18 0.577 0.935 0.492 0.260 0.931 0.542 0.971

mTHLL ETmissL 15 14.2 6.47 12.8 5.93 0.945 0.431 0.854 0.395 0.513 0.971 0.617 0.981

pTHLL ETmissL 10 8.10 3.33 6.03 3.14 0.810 0.333 0.603 0.314 0.620 0.973 0.813 0.978
Combined 83 84.8 40.4 71.5 36.4 1.02 0.486 0.862 0.438 0.423 1.00 0.811 1.00

process LO xsection NLO xsection K-factor Br for decay s ¥ Br
pp Æ x1x1 856. 1110. 1.29673 0.10608 117.749
pp Æ x1x01 1540. 1993. 1.29416 0.10608 211.418
pp Æ x1x02 597. 773. 1.29481 0.10608 82.0002
pp Æ x01x01 0.618 0.782 1.26537 0.10608 0.0829549
pp Æ x02x02 0.582 0.732 1.25773 0.10608 0.0776509
pp Æ x01x02 302. 392. 1.29801 0.10608 41.5836

Cut Efficiencies HATLAS_WW_5ifbL
Cut Description NSIM % NccLHC Æ proc:
--------------- ------- ------- -------
before any cuts 150000 100. 2128.69 553.422 993.667 385.401 0.389888 0.364959 195.443
PASSING ANY OF THE LEPTON TRIGGERS 106643 71.0953 1511.63 394.789 705.583 273.064 0.280751 0.258888 137.654
exactly two leptons 41159 27.4393 579.436 152.08 268.25 105.43 0.109481 0.0998821 53.4653
pass jet veto 25017 16.678 381.669 104.53 182.954 62.1266 0.0727999 0.0424521 31.9432
opposite sign leptons 15074 10.0493 245.31 104.53 91.3776 32.4662 0.035511 0.0220581 16.8784
pass pT_LL > 25, 20 cut 11065 7.37667 182.159 78.0546 69.1592 22.7541 0.0274793 0.0147006 12.1487
pass mLL cut HmLL > 15 && »mLL - mZ» > 15 for eeêmumu, mLL > 10 for emuL 9687 6.458 158.662 68.1373 60.2559 19.7634 0.0245162 0.0131385 10.4679
pass ETmissREL > 50 GeV cut H25 for emuL 5831 3.88733 95.6853 41.1303 35.7322 12.1324 0.0140984 0.00773714 6.6685

MASS Mass Spectrum
24 8.04883348E+01 W+
25 1.12977914E+02 h
35 2.00160883E+03 H
36 2.00000000E+03 A
37 2.00202604E+03 H+
5 4.87877839E+00 b-quark pole mass calculated from mbHmbL_Msbar
1000001 8.07038143E+03 ~d_L
2000001 8.07025977E+03 ~d_R
1000002 8.07010838E+03 ~u_L
2000002 8.07017062E+03 ~u_R
1000003 8.07038143E+03 ~s_L
2000003 8.07025977E+03 ~s_R
1000004 8.07010838E+03 ~c_L
2000004 8.07017062E+03 ~c_R
1000005 6.06256084E+03 ~b_1
2000005 8.07026037E+03 ~b_2
1000006 5.97017282E+03 ~t_1
2000006 6.06103660E+03 ~t_2
1000011 8.00009146E+03 ~e_L
2000011 8.00008866E+03 ~e_R
1000012 7.99981987E+03 ~nu_eL
1000013 8.00009146E+03 ~mu_L
2000013 8.00008866E+03 ~mu_R
1000014 7.99981987E+03 ~nu_muL
1000015 8.00006452E+03 ~tau_1
2000015 8.00011598E+03 ~tau_2
1000016 7.99981987E+03 ~nu_tauL
1000021 2.53650773E+03 ~g
1000022 1.12833367E+02 ~chi_10
1000023 -1.30540790E+02 ~chi_20
1000025 -1.74673801E+02 ~chi_30
1000035 3.06539042E+02 ~chi_40
1000024 1.09640434E+02 ~chi_1+

1000037 3.06397741E+02 ~chi_2+

cp_slha_tb_6_mu_600_ML_105_M1_60_slepton_10000_
6_7000_2

Kinematic Distributions HATLAS_WW_5ifbL
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Goodness-Of-Fit Tests HATLAS_WW_5ifbL
Distribution Ndof c2 HBGL BSM H BSM + H c2êNdof HBGL BSM H BSM + H pvalue HBGL BSM H BSM + H

pTHL1L 14 17.5 11.4 15.9 10.1 1.25 0.811 1.14 0.718 0.229 0.658 0.317 0.758
pTHL2L 10 7.67 2.04 6.38 1.41 0.767 0.204 0.638 0.141 0.661 0.996 0.783 0.999
pTHLLL 14 13.8 8.43 11.7 7.46 0.984 0.602 0.834 0.533 0.466 0.866 0.632 0.915
DfHLLL 20 23.6 16.6 18.7 13.2 1.18 0.832 0.935 0.658 0.260 0.676 0.542 0.871

mTHLL ETmissL 15 14.2 8.76 12.8 7.60 0.945 0.584 0.854 0.507 0.513 0.890 0.617 0.939

pTHLL ETmissL 10 8.10 3.64 6.03 3.40 0.810 0.364 0.603 0.340 0.620 0.962 0.813 0.970
Combined 83 84.8 50.9 71.5 43.1 1.02 0.613 0.862 0.519 0.423 0.998 0.811 1.00

Cut Efficiencies HATLAS_WW_5ifbL
Cut Description NSIM % NBSMLHC Æ proc:
--------------- ------- ------- -------
before any cuts 10000 100. 1362.53 1362.53
PASSING ANY OF THE LEPTON TRIGGERS 5926 59.26 807.435 807.435
exactly two leptons 3605 36.05 491.192 491.192
pass jet veto 2416 24.16 329.187 329.187
opposite sign leptons 2416 24.16 329.187 329.187
pass pT_LL > 25, 20 cut 2013 20.13 274.277 274.277
pass mLL cut HmLL > 15 && »mLL - mZ» > 15 for eeêmumu, mLL > 10 for emuL 1627 16.27 221.684 221.684
pass ETmissREL > 50 GeV cut H25 for emuL 685 6.85 93.3333 93.3333

MASS Mass Spectrum @Pole massesD
24 8.02284766E+01 MW
25 1.25077959E+02 H1
35 1.99848294E+03 H2
36 1.99882524E+03 H3
37 2.00000000E+03 H+
5 3.97099375E+00 mbHmbL
1000001 6.00005050E+03 ~d_1
2000001 6.00027723E+03 ~d_2
1000002 5.99977328E+03 ~u_1
2000002 5.99989898E+03 ~u_2
1000003 6.00004735E+03 ~s_1
2000003 6.00028037E+03 ~s_2
1000004 5.99977310E+03 ~c_1
2000004 5.99989922E+03 ~c_2
1000005 5.99974832E+03 ~b_1
2000005 6.00057851E+03 ~b_2
1000006 5.90802295E+03 ~t_1
2000006 6.09281721E+03 ~t_2
1000011 1.13328201E+02 ~e_1
2000011 1.14627753E+02 ~e_2
1000012 8.42151834E+01 ~nu_eL
1000013 1.12162380E+02 ~mu_1
2000013 1.15768848E+02 ~mu_2
1000014 8.42151834E+01 ~nu_muL
1000015 8.03345923E+01 ~tau_1
2000015 1.39783746E+02 ~tau_2
1000016 8.42151834E+01 ~nu_tauL
1000021 2.00000000E+03 ~gHno RGL
1000022 5.86233056E+01 ~chi_10
1000023 5.36929465E+02 ~chi_20
1000025 6.02800377E+02 ~chi_30
1000035 6.67247607E+02 ~chi_40
1000024 5.36524783E+02 ~chi_1+

1000037 6.67093977E+02 ~chi_2+

l̃ �±

Can also do this 
just with LH sleptons



ARE THERE DANGEROUS 
SLEPTON PROCESSES?



ARE THERE DANGEROUS 
SLEPTON PROCESSES?

NO!

trileptons and
SS dileptons are gone!

Have to look into shape
variables and flavor 

correlations more carefully



WHAT ELSE ARE SLEPTONS 
GOOD FOR?

BINO 
DM!

Can get right
relic density

Direct Detection
sails right through
and is interesting
for future exp!



OTHER BENEFITS OF LIGHT 
SLEPTONS?

(g � 2)µ

h ! ��

In the context of supersymmetric theories, there are several new particles that a↵ect the

Higgs-photon coupling at the quantum level. However, most of them do not lead to the

desired e↵ect. Stops give contributions to the Higgs-gluon coupling that overcompensate

the e↵ect in the photon coupling, thus reducing �(pp ! h)BR(h ! ��). The charged

Higgs and charginos give only small e↵ects in the Higgs-photon coupling. Hence, the main

supersymmetric candidate for an increased di-photon width is a light stau which, in presence
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NEED SLEPTON MIXING FOR STAUS 
TO MAKE THE RIGHT CONTRIBUTION

Worries:

LFV (ok)

generating
spectra...



 3 ANOMALIES AUTOMATICALLY 
ISN’T BAD...
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Figure 9: Combination plot showing the overlap regions where our light slepton-bino
scenario can account for both the WW -excess [9–11] (represented by dark red contours
of r

�

2 < 1), the DM relic density (blue dashed/solid contours: ⌦
CDM

h2 = 0.1196 and
±3 ⇥ 0.0031) and (g � 2)

µ

(red dashed/solid contours: �a
µ

= 2.8 ⇥ 10�9 and steps of
±0.8⇥10�9, one � of the experimental measurement). The overlap region is centered around
M

bino

⇡ 75GeV, M
slepton

⇡ 115GeV for a range of µ, tan �. A
⌧

= 0,M
2

= 600GeV in this
plot, and slepton soft mass universality with m

˜

`L
= m

˜

`R
is assumed. Grey (Orange) shaded

regions are excluded by the LEP bound on m
⌧̃1 (m

ẽ,µ̃

) [5]. The magenta region is excluded
by the CMS slepton search [2], while black lines indicate our combined slepton bounds from
the W+W� cross section measurement, see Figs. 1 and 2. Regions below the solid (dashed)
purple line have a stau (sneutrino) LSP. Regions below the green line are excluded by the
XENON100 direct detection bound [15] on the WIMP-nucleon cross section of ⇠ 10�45cm2

for M
bino

⇡ 20� 200GeV. 18

This model ALSO 
changes the 

interpretation
of the Higgs!!



• Backgrounds Wrong - Negligible effect?

•WW cross section wrong (k-factors 1.6ish need a 20% 
NNLO effect)

• higgs interferes destructively

• EW NLO reduces as well

• Systematics

WHY DOES �(pp ! ZZ) AGREE?

SM/EXPERIMENTAL POSSIBILITIES???



DO YOU ONLY CARE ABOUT 
SM MEASUREMENTS FOR 

ANOMALIES???
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FIG. 8: (a) The leading lepton pT spectrum from the SM prediction, compared with a prediction using bho and by reweighting
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Z
1 = �0.1 and ⇤ = 1; (b) The reconstructed leading

lepton pT spectrum in data and sum of MC signal and background for the SM prediction and for three di↵erent anomalous
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along the beam direction. The x-axis points from the IP
to the center of the LHC ring, and the y-axis points up-
ward. Cylindrical coordinates (r,�) are used in the trans-
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direction. The pseudorapidity is defined in terms of the
polar angle ✓ as ⌘ = � ln tan(✓/2). Transverse momen-
tum (pT) is defined relative to the beam axis.
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JHEP 0612 (2006) 046.
[21] G. Corcella et al., JHEP 0101 (2001) 010.
[22] J.M. Butterworth, J.R. Forshaw, and M.H. Seymour, Z.

Phys. C 72, 637 (1996).
[23] M.L. Mangano, F. Piccinini, A.D. Polosa, M. Moretti,

and R. Pittau, JHEP 07 (2003) 001.
[24] T. Stelzer and W. F. Long, Comput. Phys. Commun.

81, 357 (1994); J. Alwall, M. Herquet, F. Maltoni, O.
Mattelaer, T. Stelzer, JHEP 6 (2011) 128.

[25] B.P. Kersevan and E. Richter-Was, arXiv:hep-
ph/0405247.

[26] S. Jadach, Z. Was, R. Decker, and J.H. Kuhn, Comput.
Phys. Commun. 76, 361 (1993).

[27] P. Golonka and Z. Was, Eur. Phys. J. C 45, 97 (2006).
[28] R. Gavin, Y. Li, F. Petriello, and S. Quackenbush, Com-

put. Phys. Commun. 182, 2388 (2011).
[29] S. Moch and P. Uwer, Phys. Rev. D 78, 034003 (2008).
[30] ATLAS Collaboration, Eur. Phys. J. C72, 1909 (2012).
[31] ATLAS Collaboration, Phys. Lett. B 707, 438 (2012).

[32] M. Cacciari, G. P. Salam, and G. Soyez, JHEP 0804
(2008) 063.

[33] ATLAS Collaboration, ATLAS-CONF-2011-032, avail-
able at http://cdsweb.cern.ch/record/1337782.

[34] ATLAS Collaboration, ATLAS-CONF-2011-102, avail-
able at http://cdsweb.cern.ch/record/1369219.

[35] J.M. Campbell, E. Castaneda-Miranda, Y. Fang, N.
Kauer, B. Mellado, S. L. Wu, Phys. Rev. D 80, 054023
(2009).

[36] I.W. Stewart and F.J. Tackmann, Phys. Rev. D 85,
034011 (2012).

[37] T. Sjöstrand, S. Mrenna, and P. Skands, JHEP 0605
(2006) 026.

[38] A. D. Martin, W. J. Stirling, R. S. Thorne, and G. Watt,
Eur. Phys. J. C 63, 189 (2009).

[39] ATLAS Collaboration, Eur. Phys. J C 72, 1849 (2012);
ATLAS Collaboration, ATLAS-CONF-2012-099, avail-
able at https://cdsweb.cern.ch/record/1462601.

[40] ATLAS Collaboration, JHEP 12 (2010), 060.
[41] ATLAS Collaboration, Eur. Phys. J. C 73, 2304 (2013).
[42] ATLAS Collaboration, Eur. Phys. J. C 72, 1844 (2012).
[43] G. D’Agostini, Nucl. Instr. Meth. A 362, 487 (1995).
[44] K. Hagiwara, R. D. Peccei, D. Zeppenfeld, and K. Hikasa,

Nucl. Phys. B 282, 253 (1987).
[45] G. Gounaris et al., arXiv:hep-ph/9601233.
[46] K. Hagiwara, S. Ishihara, R. Szalapski, and D. Zeppen-

feld, Phys. Lett. B 283, 353 (1992); ibid., Phys. Rev. D
48, 2182 (1993).

[47] U. Baur, T. Han, and J. Ohnemus, Phys. Rev. D 53,
1098 (1996).

Bounds
on TGC



CAN ALSO BOUND NEW EW 
PHYSICS WITH SM MEASUREMENTS
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Figure 1: 95% Exclusions in the neutralino-slepton mass plane for degenerate ẽ, µ̃ decaying
to e/µ+ �̃

0

1

. Magenta regions are excluded by the CMS 9fb�1 LHC8 slepton search [2] (see
text footnote). Orange regions are excluded by LEP [5]. The regions below the Purple
(ATLAS LHC7 [9], Blue (CMS LHC7 [10]), Red (CMS LHC8 [11]) and Black (combined)
lines are new exclusions we obtained from the respective W+W� measurements. Solid
(dashed) lines represent limits obtained by (not) renormalizing the SM expectation in all
kinematic distributions to match the SM + BSM normalization to data. The CMS8 W+W�

measurement was so high that only the region inside the red dashed line is not ‘excluded’
when normalization is taken into account.
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to e/µ+ �̃0

1

. Magenta regions are excluded by the CMS 9fb�1 LHC8 slepton search [2] (see
text footnote). Orange regions are excluded by LEP [5]. The regions below the Purple
(ATLAS LHC7 [9], Blue (CMS LHC7 [10]), Red (CMS LHC8 [11]) and Black (combined)
lines are new exclusions we obtained from the respective W+W� measurements. Solid
(dashed) lines represent limits obtained by (not) renormalizing the SM expectation in all
kinematic distributions to match the SM + BSM normalization to data. The CMS8 W+W�

measurement was so high that only the region inside the red dashed line is not ‘excluded’
when normalization is taken into account.

6



NEW ATLAS DIRECT SLEPTON 
SEARCH

LH+RH
sleptons

Full dataset from 
ATLAS
versus

3.5/fb CMS WW



CONCLUSIONS
• WW cross section is showing a trend from a theorists point of view, to the 

point that I’m thinking it’s not a fluctuation... you can think whatever you want

• New physics CAN explain this and fit better than the SM

• Chargino explanation (real W’s) - Can test soon

• Stops to charginos? - “natural” susy right there??

• Slepton explanation (not W’s!)- Can explain more 
phenomena and it’s harder to distinguish except for 
flavors...

• SM calculations should be improved to NNLO+N^(n)LL

• As long as you exclude fluctuation this is a very interesting channel to follow 
since it has ramifications all over the place...

• Can use SM standard candles to bound new physics


