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Simplified Models: for easy limits...
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But: does it work?
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Simplified Models: Why?

Usual (time-consuming) approach:

Or, use simplified modules:

Jory Sonneveld (RWTH Aachen) Simplified Model Limits for SUSY SUSY 2014, Manchester 3 / 13



A simplified model: T2

squark antisquark ≡ CMS T2

T2: ũL, d̃L, c̃L, s̃L

mg̃ = 105 GeV (decoupled)

q̃Lq̃
∗

L production:
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What T2 is not

Not included in T2:

right-handed squarks q̃R

gluinos, resulting in production:
˜ ˜

g̃

q̃∗i

q̃j

g̃

q̃i

q̃j

→ Effect on limits when
including:

production channels like
q̃Lq̃L, q̃Lq̃R, q̃Lq̃

∗

R;

a non-decoupled gluino?

Not included in T2, not considered here:

decays such as
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Squark production
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Testing Closure: all-hadronic analyses in /HT and αT

Main cuts in /HT analysis :
CMS SUS-13-012: arXiv:1402.4770

/HT = −|
∑

jets ~pT |, pTj
> 30

GeV

HT =
∑njet

i=1 p
ji
T , pTj

> 50 GeV

Main cuts in αT analysis :
CMS SUS-12-028: arXiv:1303.2985

αT =
E

j2
T

MT
(dijet)

→ Aε: acceptance x efficiency
(% events after cuts)

We find

Aεq̃Lq̃L < AεT2 for /HT

Aεq̃Lq̃L > AεT2 for αT
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Aε differences: /HT
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Aε differences: αT
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Limits for MSSM-like model

MSSM-like: Limits using (correct) Aε scaled with cross section:

2q̃Lq̃L + 2q̃Lq̃
∗

L + q̃Lq̃R + 2q̃Lq̃
∗

R

T2: Limits using (incorrect) Aε from T2
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Same-spin models

SUSY

q̃∗
L
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=

{ }

Same-spin Model (as SM)
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{ }

Same-spin production modes (UED):
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[in preparation] Limits: UED-like model

UED combined = 2qDqD + 2qD q̄D + qDqS + 2qS q̄D
qD(S): KK SU(2) doublet (singlet) quark

MHT
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Summary and Future work

Simplified models have:

underlying differences in individual production channels

. . . but are also a good approximation

in limit setting;

for a model such as the MSSM;

for same-spin models [in preparation].

Future work:

How can simplified models be used in global fits?
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Backup
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Squark production
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Limits: MSSM-like vs T2

MSSM-like = 2q̃Lq̃L + 2q̃Lq̃
∗
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Limits: MSSM-like vs T2
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Aε differences for T2 vs q̃Lq̃L, mg̃ = 4mq̃, /HT
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Aε differences for T2 vs q̃Lq̃L, mg̃ = 4mq̃, αT
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Aε T2 vs q̃Lq̃R , /HT
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Aε T2 vs q̃Lq̃R , αT
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Aε T2 vs q̃Lq̃
∗
L, /HT
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Aε T2 vs q̃Lq̃
∗
L, αT
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Aε T2 vs q̃Lq̃
∗
R , /HT
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Aε T2 vs q̃Lq̃
∗
R , αT
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αT variable

2 jets

αT =
E
j2
T

MT

MT =

√√√√√




2∑

i=1

E
ji
T




2

−




2∑

i=1

p
ji
x




2

−




2∑

i=1

p
ji
y




2

> 2 jets
Combination of jets into two pseudojets minimizing |ET | difference between pseudojets:

αT =
1

2
×

HT − ∆HT√
H2
T

− /H2
T

=
1

2
×

1 − (∆HT /HT )
√

1 − (/HT /HT )2

HT =

njet∑

i=1

E
ji
T

/HT = |

Njet∑

i=1

~p
ji
T
|

Jory Sonneveld (RWTH Aachen) Simplified Model Limits for SUSY SUSY 2014, Manchester 13 / 21



The αT analysis

CMS SUS-12-028: arXiv:1303.2985

Jets are required to have ET > 50 GeV |η| < 3.0;

Events with electron or muon pT > 10 GeV are vetoed;

Events with photon pT > 25 GeV are vetoed;

The highest-ET jet must have |η| < 2.5;

The two highest-ET jets must have ET > 100 (73 and 87 GeV for bin 0 and bin 1, resp.);

Events with any additional jet having ET > 50 and |η| > 3 are vetoed;

Events must have HT > 275 GeV;

It is required that /HT //ET < 1.25;

αT < 0.55;

For focus on T2, events are required to have 0 b quarks and 2-3 jets.

8 bins in HT :

2 bins of width 50 GeV in 275 < HT < 375 GeV;

5 bins of width 100 GeV in 375 < HT < 875 GeV.

1 bin with HT ¿ 875 GeV.
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The /HT analysis

CMS SUS-13-012: arXiv:1402.4770

Jets are required to have pT,j > 30 GeV and |ηj | < 5;

Events must contain 3 jets with pT > 50 GeV and |η| < 2.5;

An azimuthal angle difference between a jet axis and the ~/HT direction |∆φ(Jn,
~/HT )| > 1.5 rad, n = 1, 2 and

∆ϕ(J3,
~/HT )| > 0.3 rad, with Jn the jet axis of jet n and n indicating the ranking of the jet in pT from highest to

lowest

No isolated muons or electrons:

pT > 10 GeV for muons and electrons;
|η < 2.4 for muons;
|η| ≤ 1.44 or 1.57 ≤ |η| < 2.5 for electrons;

HT > 500 GeV;

/HT > 200 GeV;

Events should contain 3-5 jets.

17 bins in HT and /HT and 3-5 jets:

500-800, 800-1000, and 1000-1250 GeV in HT , and 200-300, 300-450, 450-600, and > 600 GeV for /HT (bins 0-11,
resp.);

1250-1500 GeV in HT with /HT binned into 200-300, 300-450, and > 450 GeV (bins 12-14, resp);

> 1500 GeV in HT with /HT binned into 200-300 and > 300 GeV (bins 15-16, resp.).

Jory Sonneveld (RWTH Aachen) Simplified Model Limits for SUSY SUSY 2014, Manchester 15 / 21

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS13012
http://arxiv.org/abs/1402.4770


[in preparation] Aε for UED-T2 and SUSY-T2, /HT
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[in preparation] Aε for UED-T2 and SUSY-T2, αT
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KK and SUSY quark-antiquark suppressed production
modes
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KK and SUSY quark pair suppressed production modes
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SModelS
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UED

Use orbifolding to solve problem of γ matrices in 5 dimensions;

New dimension x4 = y that defines a circle of radius r , y ≡ y + 2π;

Periodic scalar field ϕ(xm, y) can be expanded in Fourier modes:

ϕ(xm, y) =
∞∑

n=−∞

ϕn(x
µ)exp

(
iny

r

)
. (1)

Equations of motion ∂M∂Mϕ = 0 have the solutions;

(
∂µ∂µ −

n2

r2

)
ϕn(x

µ) = 0. (2)

Each mode n (KK mode) has in 4D a particle with mass m2
n = n2

r2

UED is an effective theory with a cutoff Λ, ΛR ∼ 20 for 1 ED
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