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WHERE’S THE NEW PHYSICS?!?
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PERTURBATIVITY
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The Higgs mass 
is calculable 

in SUSY theories.

H

V (H) hHi ⌘ v

V (v,H) = �µ2

2

��v +H|2 + �H

16
|v +H|4

v ' 246 GeVW± mass

mH ' 125 GeVHiggs mass

µ ' 88 GeV
�H ' 0.26

Yields

All SM parameters perturbative!  
(at weak scale)



WHY SUSY?
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Perturbativity implies calculational control.

STANDARD MODEL 
“Model” of electroweak symmetry breaking. 

Higgs mass is not calculable.

SUSY MODEL 
“Theory” of electroweak 

symmetry breaking.
Higgs mass is finite. 

Can interpret fine-tuning.
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GUIDANCE FROM NATURALNESS
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MINIMAL REQUIREMENTS
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“NATURAL SUSY”
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Dimopoulos and Giudice [arXiv:hep-ph/9507282]
Cohen, Kaplan, Nelson [arXiv:hep-ph/9607394]

µ . 200GeV

✓
��1

20%

◆�1/2

m
gluino

. 1000GeV sin�
3

log(⇤/TeV)

✓
�

�1

20%

◆�1/2

m
stop

. 500GeV

sin�p
1 + (At/mstop

)

2

s
3

log(⇤/TeV)

✓
�

�1

20%

◆�1/2

� ⌘ 2 �m2
H

m2
h

Tuning:

HIGGSINO

STOP

GLUINO

~20% 
tuning

Papucci, Ruderman, Weiler [arXiv:1110.6926]
Brust, Katz, Lawrence, Sundrum [arXiv:1110.6670]



DISCLAIMER
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Moving well 
beyond minimality. 

Asking what is 
possible. 

Won’t worry too 
much about what 

is beautiful.



THREE VIGNETTES
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III.  Gluinos without Missing Energy

µ

m
stop

m
gluino

I.  Heavy Higgsinos

II.  Colorless Stops
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HEAVY HIGGSINOS
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LHC LIMITS WITH A HEAVY LSP
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eg ! t t�

No limit for 
m� & 1 TeV



HEAVY HIGGSINOS WITHOUT TUNING

TIM COHEN  [ UNIVERSITY OF OREGON] 12

DOUBLE PROTECTION

Two symmetries: 
SUSY + global symmetry

Calculable 
scalar masses

Massless 
Goldstone 

Higgs



A MODEL
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“Minimal Composite Higgs” symmetry breaking:                             .SO(5)/SO(4)

W =
�

2
S �a �a �



3
S3

Agashe and Contino [arXiv:hep-ph/0510164]

Embed the MSSM Higgses into fundamental of              .SO(5)

Symmetry preserving interactions:

plus soft breaking.

�a =
1p
2

0

BBBB@

f
�i(H1

u +H2
d)

H1
u �H2

d
i(H2

u �H1
d)

H2
u +H1

d

1

CCCCA

SO(5) breaking vev.

TC, Kearney, Luty [arXiv:1501.01962]
For an effective operator approach, see Nelson and Roy [arXiv:1501.03251]

hSi 6= 0 µe↵ = � hSi



EXPLICIT BREAKING
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Need explicit               breaking to lift Higgs potential.SO(5)

SUPERPOTENTIAL TERMS

�W =
�0

2
S �2

0 +
⌘

2
S2 �0 �

0

2
�3

0

YUKAWA AND GAUGE TERMS

Standard MSSM contributions to Higgs potential.

�

�1
radiative ⇠

3 y2t
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v2



REDUCED TUNING
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17

where it is dominated by ��1

�t�
is manifest from the turn over. Note that, for the curve with

tan � = 1.05, ��1

�t�
does not dominate for the values of � / µ

e↵

shown. Here, we have fixed

M
SUSY

= 102 TeV; the radiative tuning is always subdominant for this choice of parameters.
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FIG. 1: The left (right) panel shows ��1

max

(T ) as a function of � for di↵erent values of tan� given
on each curve. The other fixed parameters are given in the text.
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FIG. 2: The left (right) panel shows ��1

max

(T ) as a function of �, for di↵erent values of M
SUSY

given on each curve. At each point, tan� has been chosen to minimize the tuning. The other fixed
parameters are given in the text.

Beat MSSM tuning as coupling increases.

T ⌘ ��1

Goldstone

/��1

MSSM

TC, Kearney, Luty [arXiv:1501.01962]

tan� contours tan� contours



TIM COHEN  [ UNIVERSITY OF OREGON]

COLORLESS STOPS
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MUST TOP PARTNERS BE COLORED?
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New symmetry commutes with SM gauge groups. 
Naively, implies top partners carry color.

Burdman, Chacko, Goh, Harnik
[arXiv:hep-ph/0609152]

Introduce mirror sector. 
Impose       parity symmetry on top Yukawa and strong coupling. 

Mirror partners can yield calculable Higgs mass.
Z2

NEUTRAL NATURALNESS

Chacko, Goh, Harnik
[arXiv:hep-ph/0506256]

Ferm
ions Scalars

“Twin-Higgs” “Folded-SUSY”

?



FOLDED SUSY LIVES IN 5D
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FIG. 2: Sketch of KK top sector spectrum at maximal twist.

The following Yukawa couplings are allowed:

W � �(y) y
(5)
t

�
H Q U + H Qf Uf

�
, (5)

where y
(5)
t is the 5D top Yukawa coupling, and Zf

2 imposes that the Yukawa couplings are

equal. In general, Scherk-Schwarz SUSY breaking leads to tree-level non-supersymmetric

splittings within bulk multiplets, which would then feed down into one-loop soft masses

for brane-localized states. At maximal twist, however, the one-loop Higgs potential enjoys

an apparent accidental SUSY due to “bi-fold” protection [4] – the scalars from the folded

sector f -top supermultiplets are degenerate with the fermions in the Standard Model top

supermultiplets (and visa versa). This leads to a cancellation of the one-loop threshold

corrections from Eq. (5) for the Higgs mass at each level of the KK tower. However, this

bi-fold protection holds only for the contribution of top-stop loops to the Higgs doublet

masses. Gauge invariance of the Yukawa couplings requires all states to be charged under a

single SU(2)W ⇥ U(1)Y , and so there can be no doubling in the gauge sector. Accordingly,

electroweak gauginos contribute to the Higgs mass at one loop, as in the 5D MSSM. Thus

at maximal twist the Higgs potential accumulates one-loop contributions from the gauge-

gaugino sector but not the stop-top sector.

The squarks likewise receive soft masses at one loop from their gauge and Yukawa

couplings. In particular, the (f -)stop soft masses are [4]

�m2
eQ = K

1

4 ⇡4

1

R2

✓
1

2
y2
t +

4

3
g2
3 +
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4
g2
2 +

1

36
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1

◆
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1

R2
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�m2
eU = K

1
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1

R2

✓
y2
t +

4

3
g2
3 +

4

9
g2
1

◆
' 0.016

1

R2
, (6)

Burdman, Chacko, Goh, Harnik [arXiv:hep-ph/0609152]

Scherk and Schwarz [PLB 1979]
and SUSY breaking with boundary conditions.Z2



WITH A TWIST
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FIG. 3: Sketch of KK top sector spectrum at arbitrary twist ↵. The arrows indicate how the
masses of the states change as ↵ deviates from 1/2.

with {y} ⌘ y mod 2 ⇡ R, such that {y} is restricted to the fundamental domain. Here

kn± ⌘ n + (1/⇡) tan�1(± ⇡ R yt v), n 2 Z, yt is the 4D top Yukawa coupling, and

v ' 174 GeV is the Higgs vev. The wave functions for the f -stops are given by taking

Eq. (10) and replacing ↵ ! ↵�1/2. These wave functions can then be used to compute the

Coleman-Weinberg potential from top/stop and f -top/f -stop loops. The resulting tree-level

masses for the KK towers of (s)tops and f -(s)tops are

m
(n)
t =

����
kn

R

���� m
(n)

t̃
=

����
kn + ↵

R

����

m
(n)
tf

=

����
kn + 1/2

R

���� m
(n)

t̃f
=

����
kn + 1/2 � ↵

R

����.

(11)

This spectrum is sketched in Fig. 3.

Since it acts di↵erently on SU(2)R doublets and singlets, the non-trivial twist also impacts

the gaugino masses. For every vector supermultiplet, there is a zero-mode Majorana gaugino

�(0) of mass m
(0)
� = ↵/R, plus towers of Majorana gauginos �(n) of masses m

(n)
� = |n+↵|/R.

These towers arrange themselves into Dirac gauginos at maximal twist. The lightest gauginos

consist of the usual Majorana bino, wino, and gluino, plus an f -gluino, all with (tree-level)

mass ↵/R.

In contrast to maximal twist, these ↵-dependent, SUSY-breaking mass splittings allow for

electroweak symmetry breaking at one loop. However, this comes at a price. While f -SUSY

at maximal twist had the virtue of lifting all new colored states to ⇠ 1
2R

and preserving

naturalness through light f -stops, f -SUSY at non-maximal twist features colored states at

the scale ⇠ ↵
R

with ↵ < 1/2. For a given radius of compactification, this brings colored states

TC, Craig, Lou, Pinner [arXiv:1508.05396]

Additional allowed parameter for boundary conditions:     .↵



A MODEL
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the Higgs bosons:

W = �(y)

✓
�(5) S HA Hc

B +
MS

2
S2 + y

(5)
t HA (Q U + Qf Uf )

◆
. (16)

Note that since the singlet has a large supersymmetric mass, it will not get an appreciable

vev; furthermore, singlet-Higgs mixing will remain su�ciently small so as not to a↵ect Higgs

coupling measurements.

For the parameter space of interest, the singlet-Higgs coupling will be O(1) to accommo-

date mh = 125 GeV. In particular, the Higgs mass-squared is entirely determined by one-

loop contributions, predominantly from the singlet and top Yukawa couplings (neglecting

the small tree-level contribution from the singlet vev). Therefore, it is important to include

the leading radiative contributions to the Higgs potential from these couplings. Following a

similar justification to that given in Sec. IV above, the full Coleman-Weinberg potential from

the (f -)top states is included. The one-loop contribution to the Higgs mass parameter from

loops involving the singlet is evaluated at fixed order, as there is a tree-level contribution to

the quartic proportional to �(5). Note that there is no longer a tree-level quartic from the

SU(2)W ⇥U(1)Y gauge bosons. However, the Higgs vev no longer breaks KK number/parity

(although the top Yukawa coupling does), removing the proliferation of sums over KK modes

in gauge/gaugino loops. Thus we need only include the fixed-order contribution to the Higgs

mass. In analogy with Eq. (13), the potential for the zero-mode Higgs is

V = (� v2 � MS vS)2 + 2 �2 v2
S v2

� 9 Re
⇥
Li5(e4 i⇡(↵+�)) + Li5(e4 i⇡(↵��)) � 2Li5(e4 i⇡ �)

⇤

512 ⇡6 R4

+
⇣3 g2 + g02

16 ⇡4 R2
Re

⇥
⇣(3) � Li3(e

2 i⇡ ↵)
⇤
+ m2

H, Singlet

⌘
v2, (17)

where
⌦
h(0)

↵
= v, hSi = vS, � = 1

⇡
tan�1(⇡ R yt v), m2

H, Singlet is the soft mass contribution

from the singlet sector (see Eq. (E5) in the appendix for the integral form), and � =

�(5)/(4 ⇡ R) is the rescaled singlet-Higgs coupling. Note that S acquires a tadpole that leads

to a small vev vS = (MS v2 �)/(M2
S + 2v2�2), which is included in the numerical results.

Now that we have the tools to explore the vacuum structure of the model, we may

work out the dominant constraint on the parameter space. Recall that in this model the

gauginos, squarks, and Higgsinos are all bulk fields. Given the choice of boundary conditions,

the zero modes for all of these states receive ↵/R-sized masses from boundary conditions.

Naively, this implies that the gluinos, squarks, and neutralinos will all be degenerate, while

constraints on gluino-squark-neutralino simplified models will yield the strongest bounds. To

determine precise bounds, we must consider both the dominant gluino decay channels and

19

y = 0 y = ⇡ R

SU(2)W ⇥ SU(1)Y ⇥ SU(3)c ⇥ SU(3)f

HA,B

yU yD,E

⇣
Qf , Uf , Df , Lf , Ef

⌘

i

�
Q, U, D, L, E

�
i

FIG. 6: A sketch of the geography for the bulk Higgs model. The Higgs doublets HA,B, gauge
groups, matter, and f -matter fields are all bulk fields. The up-type (down-type) Yukawa couplings
are on the y = 0 (y = ⇡ R) brane.

8 TeV. As such, the first signatures would arise in the form of Higgs coupling deviations.

The heavy MSSM-like states and the more exotic folded-sector phenomenology will be of

order 8 TeV and 4 TeV, and will be out of reach of 13 TeV LHC searches.

While the parameter space of the brane Higgs model is strongly constrained by Higgs

couplings, f -SUSY with a twist is su�cient to put superpartners out of reach of current LHC

searches. Of course, additional sources of brane-localized SUSY breaking would allow the

new states in the Higgs sector to be decoupled without substantially increasing electroweak

fine-tuning, albeit at the cost of reduced predictivity.

V. Higgs in the Bulk

The experimental tensions discussed in the previous section motivate exploring models

where the Higgs propagates in the bulk, since the choice of boundary conditions that yields

a light scalar Higgs is compatible with one that lifts the Higgsinos and other Higgs scalars to

scales ⇠ 1/R. As we will discuss below, a pair of bulk hypermultiplets HA,B will be required.

A sketch of the geography for this model is given in Fig. 6. Note that in this setup, the

up-type Yukawa is confined to the y = 0 brane, while the down-type Yukawa couplings are

located on the ⇡ R brane
�
and involve Hc

B, e.g. W � �(y) y
(5)
b Hc

B Q D
�
.

Following [34, 56], a natural choice would be to attempt to fold the 5D MSSM with a

single bulk Higgs hypermultiplet. In fact, the MSSM version of that model predicts a Higgs

boson with mass consistent with the now-observed value [34]. However, the corresponding

prediction for the radius of compactification is 1/R ⇠ 700 GeV, with a gluino around

350 GeV. One could hope that folding this model at arbitrary twist would yield a partial

S

Matter and folded matter in bulk. 
Gauge groups in bulk. 

Singlet on brane.
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FIG. 7: Brane Higgs parameter space in the singlet-Higgs coupling � versus the twist ↵ plane
[left] and the � versus the singlet mass parameter MS plane [right]. The blue contours denote
the mass of the Standard Model-like Higgs, while the black contours denote the inverse radius of
compactification 1/R. Contours of fine-tuning are shown in brown. The red shading indicates the
exclusion coming from gluino mass limits relevant to the compressed parameter space of the model,
while the grey shading indicates the region where EWSB does not occur.

at LHC13 will provide a strong test of the minimally tuned region of parameter space,

and the observation of f -squarks would follow a discovery in this channel. While the level

of fine-tuning here is similar to that found in other e↵ective theories of “Natural SUSY”

with low cuto↵s, it is worth emphasizing that f -SUSY provides a fully calculable model of

SUSY breaking. In comparison to other such models, e.g. low-scale gauge mediation, the

fine-tuning in f -SUSY is quite mild.

VI. Conclusions

In this paper we have constructed the first calculable models of folded supersymmetry

with successful electroweak symmetry breaking at one loop. To do so, we have generalized

the original f -SUSY framework to incorporate non-trivial Scherk-Schwarz twist. We have

also exploited some of the geographical freedom allowed by 5D theories, considering models

in which the Higgs doublets are brane- or bulk-localized.

In brane-localized models, radiative corrections from bulk states naturally accommodate

a 125 GeV Higgs. However, the smallness of certain soft-mass parameters in the Higgs

sector leads to additional scalar and pseudoscalar Higgs bosons excluded by precision Higgs

measurements. This may be addressed by deformations of the theory (such as the dimension-

TC, Craig, Lou, Pinner [arXiv:1508.05396]

NMSSM-like 
coupling

Twist 
parameter

mh[GeV] R�1 [TeV]

�

125 GeV Higgs  
mass with  

minimal tuning



TIM COHEN  [ UNIVERSITY OF OREGON] 22

FOLDED PHENO

ebf

etf W+

�

Sketch stolen (and modified) from David Curtin
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ELECTROWEAK RESONANCE

Burdman, Chacko, Harnik, de Lima, Verhaaren [arXiv:1411.3310]



MORE FOLDED PHENO
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Folded color without folded quarks. 
Long color strings can form, i.e., quirks.

Kang and Luty  [arXiv:0805.4642]
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FIG. 2: Sketch of KK top sector spectrum at maximal twist.

The following Yukawa couplings are allowed:

W � �(y) y
(5)
t

�
H Q U + H Qf Uf

�
, (5)

where y
(5)
t is the 5D top Yukawa coupling, and Zf

2 imposes that the Yukawa couplings are

equal. In general, Scherk-Schwarz SUSY breaking leads to tree-level non-supersymmetric

splittings within bulk multiplets, which would then feed down into one-loop soft masses

for brane-localized states. At maximal twist, however, the one-loop Higgs potential enjoys

an apparent accidental SUSY due to “bi-fold” protection [4] – the scalars from the folded

sector f -top supermultiplets are degenerate with the fermions in the Standard Model top

supermultiplets (and visa versa). This leads to a cancellation of the one-loop threshold

corrections from Eq. (5) for the Higgs mass at each level of the KK tower. However, this

bi-fold protection holds only for the contribution of top-stop loops to the Higgs doublet

masses. Gauge invariance of the Yukawa couplings requires all states to be charged under a

single SU(2)W ⇥ U(1)Y , and so there can be no doubling in the gauge sector. Accordingly,

electroweak gauginos contribute to the Higgs mass at one loop, as in the 5D MSSM. Thus

at maximal twist the Higgs potential accumulates one-loop contributions from the gauge-

gaugino sector but not the stop-top sector.

The squarks likewise receive soft masses at one loop from their gauge and Yukawa

couplings. In particular, the (f -)stop soft masses are [4]

�m2
eQ = K

1
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PROSPECTS FOR LHC

see also Burdman, Chacko, Harnik, do Lima, Verhaaren [arXiv:1411.3310];
Burdman and D’Agnolo [arXiv:1512.00040]; Chacko, Curtin, Verhaaren [arXiv:1512.05782];

Curtin and Verhaaren [arXiv:1506.06141]

Triggers

IT: Inner tracker 
MS: Muon system

Folded stop mass  Dark glueball mass
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GLUINOS WITHOUT MET
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BARYONIC RPV
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More than one R-parity violating (RPV) operator  
active yields very strong constraints! 

Additionally, strong constraints for events with extra leptons. 

Imagine lepton number is good symmetry. 

Focus on baryonic RPV operator: 

WRPV =
1

2
�00
ijkU

c
i D

c
jD

c
k
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HIGH MULTIPLICITY
egeg

j = u, d, c, s, b+ h.c.
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ACCIDENTAL SUBSTRUCTURE

New physics manifests as                                  
high multiplicity hadronic event. 

Occasional hard partons will    
cluster into same fat jet: 

Accidental substructure.
Hook, Izzaguirre, Lisanti, Wacker [arXiv:1202.0558]; 

TC, Izzaguirre, Lisanti, Lou [arXiv:1212.1456]; 
El Hedri, Hook, Jankowiak, Wacker [arXiv:1302.1870]

⌘

�

18 partons

Jet substructure without boosts!
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QCD JETS ARE SKINNY

IR structure of QCD:   
radiation tends to be     

soft or collinear. 
Hard partons are rare. 

Difficult to satisfy a     
multi-fat jet selection. 

Mass and substructure are 
effective discriminators.

collinear radiation
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SIGNAL VERSUS BACKGROUND

TC, Izzaguirre, Lisanti, Lou [arXiv:1212.1456] 
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JET SUBSTRUCTURE TEMPLATES
Physical assumption: jets factorize.

TC, Jankowiak, Lisanti, Lou, Wacker [arXiv:1402.0516]
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JET SUBSTRUCTURE TEMPLATES
Physical assumption: jets factorize.

Training Sample

TC, Jankowiak, Lisanti, Lou, Wacker [arXiv:1402.0516]
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JET SUBSTRUCTURE TEMPLATES
Physical assumption: jets factorize.

Training Sample

Template

TC, Jankowiak, Lisanti, Lou, Wacker [arXiv:1402.0516]
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JET SUBSTRUCTURE TEMPLATES
Physical assumption: jets factorize.

Kinematic SampleTraining Sample

Template

TC, Jankowiak, Lisanti, Lou, Wacker [arXiv:1402.0516]
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JET SUBSTRUCTURE TEMPLATES
Physical assumption: jets factorize.

Kinematic SampleTraining Sample

Template

Dressed Sample

TC, Jankowiak, Lisanti, Lou, Wacker [arXiv:1402.0516]
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SUBSTRUCTURE TEMPLATES IN DATA

Kernel smoothing techniques used to derive template error bars.

ATLAS [arXiv:1502.05686]

TC, Jankowiak, Lisanti, Lou, Wacker [arXiv:1402.0516]
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NO MET: REDUCED LIMITS15

difference between the template prediction and observed
spectrum in the 4jCR. The uncertainties due to the back-
ground estimation method are dominated by propaga-
tion of the statistical uncertainty from the 3jCR: these
are typically 5–10%, except in the highest M⌃

J bins of
SR100 and SR250, where they can extend to 20-40%. In
addition, the observed difference systematic uncertainty
from the 4jCR varies from 5% to 15%. Signal reconstruc-
tion – both in terms of selection efficiency and the M⌃

J
spectrum predicted for a given m

g̃

,m
�̃

0
1

combination – is
sensitive to the kinematic uncertainties associated with
the final state jets in the analysis. The impacts of these
systematic uncertainties are directly assessed by varying
the kinematics within the uncertainties and reported in
Sec. VIII. Jet mass scale uncertainties have the largest
effect, which for SR1 range from 30% for very low m

g̃

to
15% for very high m

g̃

. In the cases of SR100 and SR250,
the impact of the jet mass scale uncertainty also domi-
nates, and varies across the M⌃

J spectrum from 10–20%
at lower M⌃

J up to 50% for the very highest M⌃
J bin in

the spectrum for low m
g̃

. The luminosity uncertainty of
3% also affects the signal only.

VIII. RESULTS AND INTERPRETATIONS

As no significant excess is observed in data in either
analysis, a procedure to set limits on the models of in-
terest is performed. A profile likelihood ratio combining
Poisson probabilities for signal and background is com-
puted to determine the confidence level (CL) for consis-
tency of the data with the signal-plus-background hy-
pothesis (CL

s+b

). A similar calculation is performed for
the background-only hypothesis (CL

b

). From the ratio
of these two quantities, the confidence level for the pres-
ence of signal (CL

s

) is determined [75]. Systematic un-
certainties are treated via nuisance parameters assum-
ing Gaussian distributions. In all cases, the nominal
signal cross-section and uncertainty are taken from an
envelope of cross-section predictions using different PDF
sets and factorization and renormalization scales, as de-
scribed in Ref. [76]. As discussed in Sec. IV, the region
with (m

g̃

� m
�̃

0
1
) < 100 GeV is not considered in this

analysis in order to ensure that the results are insensi-
tive to the effects of ISR, since the uncertainties cannot
be assessed for the UDD decays considered here.

The total-jet-mass analysis is designed to be agnostic
to the flavor composition of the signal process and to re-
move any reliance on MC simulations of these complex
hadronic final states. The jet-counting analysis provides
the opportunity to enhance sensitivity to specific heavy-
flavor compositions in the final state and to explore var-
ious assumptions on the branching ratios of the bench-
mark signal processes studied in this paper. The results
obtained from the total-jet-mass analysis in the inclusive
final state are presented first, and then the specific sen-
sitivity provided by the jet-counting analysis to the full
branching ratio space is presented.
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Figure 11. Expected and observed exclusion limits in the
(mg̃, m�̃0

1
) plane for the ten-quark model given by the total-

jet-mass analysis. Limits are obtained by using the signal
region with the best expected sensitivity at each point. The
dashed black lines show the expected limits at 95% CL, with
the light (yellow) bands indicating the 1� excursions due to
experimental and background-only theory uncertainties. Ob-
served limits are indicated by medium dark (maroon) curves,
where the solid contour represents the nominal limit, and the
dotted lines are obtained by varying the signal cross-section
by the renormalization and factorization scale and PDF un-
certainties.

A. Total-jet-mass analysis

The observed and expected event yields are presented
in Tab. II, III, and IV for the three signal regions SR1,
SR100 and SR250 respectively. The single-bin signal re-
gion selection (SR1) is reported in addition to the binned
M⌃

J results in SR100 and SR250 in order to provide yields
that can be easily reinterpreted for other signal hypothe-
ses. In the case of the binned M⌃

J signal regions, a binned
fit (where the number and size of the bins were optimized)
is performed that takes into account the predictions for
each M⌃

J range. This approach provides greater sensi-
tivity to small deviations from the template predictions.
The correlation of the uncertainties in the bins of the
M⌃

J spectrum are accounted for by evaluating the full
correlation matrix. The result leads the analysis to treat
the different bins as fully uncorrelated for the variance,
which is the largest component of the background uncer-
tainties. All other uncertainties treat the bins of the M⌃

J
spectrum as fully correlated.

Figure 11 shows both the expected and observed 95%
CL limits in the (m

g̃

, m
�̃

0
1
) mass plane when the signal

region that provides the best expected exclusion is used
for each mass combination. The dashed black line shows
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analysis, a procedure to set limits on the models of in-
terest is performed. A profile likelihood ratio combining
Poisson probabilities for signal and background is com-
puted to determine the confidence level (CL) for consis-
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The total-jet-mass analysis is designed to be agnostic
to the flavor composition of the signal process and to re-
move any reliance on MC simulations of these complex
hadronic final states. The jet-counting analysis provides
the opportunity to enhance sensitivity to specific heavy-
flavor compositions in the final state and to explore var-
ious assumptions on the branching ratios of the bench-
mark signal processes studied in this paper. The results
obtained from the total-jet-mass analysis in the inclusive
final state are presented first, and then the specific sen-
sitivity provided by the jet-counting analysis to the full
branching ratio space is presented.
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the light (yellow) bands indicating the 1� excursions due to
experimental and background-only theory uncertainties. Ob-
served limits are indicated by medium dark (maroon) curves,
where the solid contour represents the nominal limit, and the
dotted lines are obtained by varying the signal cross-section
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A. Total-jet-mass analysis

The observed and expected event yields are presented
in Tab. II, III, and IV for the three signal regions SR1,
SR100 and SR250 respectively. The single-bin signal re-
gion selection (SR1) is reported in addition to the binned
M⌃

J results in SR100 and SR250 in order to provide yields
that can be easily reinterpreted for other signal hypothe-
ses. In the case of the binned M⌃

J signal regions, a binned
fit (where the number and size of the bins were optimized)
is performed that takes into account the predictions for
each M⌃

J range. This approach provides greater sensi-
tivity to small deviations from the template predictions.
The correlation of the uncertainties in the bins of the
M⌃

J spectrum are accounted for by evaluating the full
correlation matrix. The result leads the analysis to treat
the different bins as fully uncorrelated for the variance,
which is the largest component of the background uncer-
tainties. All other uncertainties treat the bins of the M⌃

J
spectrum as fully correlated.

Figure 11 shows both the expected and observed 95%
CL limits in the (m
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) mass plane when the signal

region that provides the best expected exclusion is used
for each mass combination. The dashed black line shows

ATLAS [arXiv:1502.05686]
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WHERE IS SUSY?
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Higgsinos, stops, and gluinos.

Gluon Photon Z0 W± Higgs

Neutralinos and charginosGluino

SquarksSleptons

Leptons Quarks

Fe
rm

io
ns

Bo
so

ns

MINIMAL NATURALNESS EXPECTATIONS

Take natural SUSY seriously, but not too seriously.

Gave examples for modifying each.



MANY IDEAS
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Stealth SUSY.

Dimopoulos, Howe, March-Russell, Scoville [arXiv:1412.0805]

Nelson, Fox, Weiner [arXiv:hep-ph/0206096 ]; Kribs, Martin [arXiv:1203.4821]

Fan, Reece, Ruderman [arXiv:1105.5135] and [arXiv:1201.4875];
Fan, Krall, Pinner, Reece, Ruderman [arXiv:1512.05781]

Dirac Gauginos.

Compressed spectra/Auto-concealment.

. . .

Nnaturalness.
Arkani-Hamed, TC, D’Agnolo, Hook, Kim, Pinner [To appear Tuesday!]



ALL THAT MATTERS…
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IS THAT WE DISCOVER 
THE NEW PHYSICS,    
NO MATTER HOW 

TRICKY NATURE HAS 
MADE IT TO FIND!


