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Heavy-Mediator Dark Matter

Universe content

visible matter 5%
. Y

2]
e Particles not included in the Y dark matter 27% AL
Standard Model ' '
\ dark energy 68%
e Production in the early Universe ;

o WIMP-miracle
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-
Effective Field Theory

e Heavy-Mediator models — Effective Field Theory
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e Heavy-Mediator models — Effective Field Theory
e Approximation for the low energy regime
e Free Lagrangian:

ﬁx = X(Ia — mDM)X

N -
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-
Effective Field Theory

Heavy-Mediator models — Effective Field Theory

e Approximation for the low energy regime

Free Lagrangian:

ﬁx = X(Ia — mDM)X

N -

Interaction Lagrangian:

1 ¢ _
Line = =35 (X" X)(Y_ Gvur°q)
* q
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-
Effective Field Theory

Model A

e Limited range of validity: o
Parameter Mcyut

Mcut ECJVI
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Experimental Approach

e Dark Matter production

in colliders
SM X
SM X
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|
Experimental Approach

e Dark Matter production

in colliders
SM X
SM X

e CMS experiment as
benchmark
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-
Mono-jet

e Dark Matter particles do not interact
with the detector.
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Mono-jet

e Dark Matter particles do not interact
with the detector.

e Mono-jet: events with a high
transverse momentum (p7) jet,
balanced by "missing transverse
energy” Er.
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Mono-jet

P
v.Undetected . Undetected

Protan

e Dark Matter particles do not interact
with the detector. e et

From Energetic Gluon

e Mono-jet: events with a high
transverse momentum (p7) jet,
balanced by "missing transverse

energy” Er.
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Mono-jet

s a
/}/ ey v.Undetected +Undetected

Proton

Protan

e Dark Matter particles do not interact
with the detector. e et

From Energetic Gluon

e Mono-jet: events with a high
transverse momentum (p7) jet,

balanced by "missing transverse s
energy” Er. \
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Statistical Analysis

Basic Principle
The number of events, or the cross section, predicted by the EFT is always
lower or equal to the complete model prediction.

OEFT < Otrue

Calculation of bounds on the parameters of the theory.
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Statistical Analysis
Cut & Count

min

e Select an optimal region of the phase space (E+ > E7T
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Statistical Analysis
Cut & Count

min

e Select an optimal region of the phase space (E+ > E7T

* Impose oprT < Texc

4 i
OEFT = [%} -5(M, = 1TeV) - e(mppm, Meut, ET")
Oexc = Maximum cross section compatible with the background at
95% C.L.

Federico Pobbe (University of Padova) Optimal bounds on HMDM 28th June 2016 9 /17



Statistical Analysis
Cut & Count

e Select an optimal region of the phase space (£ > Emm

* Impose oprT < Texc

4 min
CEFT = [%} -5(M, = 1TeV) - e(mpy, Meut, ET)

Oexc = Maximum cross section compatible with the background at
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Cut & Count

e Select an optimal region of the phase space (£ > Emm

* Impose oprT < Texc

4 min
CEFT = [%} -5(M, = 1TeV) - e(mpy, Meut, ET)

Oexc = Maximum cross section compatible with the background at
95% C.L.

e Chi-square test: x? = % < x3s(1) ~ 4

e Lower Bound: M, > Mg = ¢/ <2<

Texc
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Cut & Count

The region below the curve is excluded.

L=2.24fb" Vs =13TeV
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Cut & Count

The region below the curve is excluded.
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Statistical Analysis
Modified Shape Analysis

e We choose to study the £+ distribution of events.
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Statistical Analysis
Modified Shape Analysis

e We choose to study the £+ distribution of events.
o We define a likelihood for each bin:

B 2
1 1 _% (Bj+S;+AS;—0;)

— e B2502+B;+S;+AS;
271/ B; + S; + AS; ov;

E,‘((SU,',S,‘,AS,‘) =
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Statistical Analysis
Modified Shape Analysis

We choose to study the £+ distribution of events.
We define a likelihood for each bin:

B 2
1 1 _% (Bj+S;+AS;—0;)

— e B2502+B;+S;+AS;
27/ B; + S5, + AS; Nz

AS;: signal not predicted by the EFT (AS; > 0)
Total likelihood of the system:

E,‘((SU,’,S,‘,AS[) =

n

Leot(S,AS) =[] £i

i=1
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Statistical Analysis
Modified Shape Analysis

Obtain a limit valid for any AS; value.
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Statistical Analysis
Modified Shape Analysis

Obtain a limit valid for any AS; value.
e Test Statistic:

° B,'+5,'+A5,'*O,'2
ey =34 )

— B?v? + B + i + AS;
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Statistical Analysis
Modified Shape Analysis

Obtain a limit valid for any AS; value.
e Test Statistic:

(B + S+ AS; — 0;)?
2 M* _ (_ I ] © I I
X (M) ZB?5V?+B,-+S,-+A5,-

i=1

4
o 5 = [%} - 0(My =1TeV) - €i(mpym, Mcue, i) - L

Federico Pobbe (University of Padova) Optimal bounds on HMDM 28th June 2016 12 /17



Statistical Analysis
Modified Shape Analysis

Obtain a limit valid for any AS; value.
e Test Statistic:

. Ei+5i +ASI - Oi 2
E(M) =3 )

— B?v? + B + i + AS;

4
o 5 = [%} - 0(My =1TeV) - €i(mpym, Mcue, i) - L

Lower Bound on M.,

The minimum value of M, at 95 % C.L. is obtained solving:
X*(M.) < x3s5(n)
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Statistical Analysis
Modified Shape Analysis

Minimise x? with respect to AS;. Two possible cases:
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Statistical Analysis
Modified Shape Analysis

Minimise x? with respect to AS;. Two possible cases:
OE,'—FS,'ZO,' — AS =0
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Statistical Reason

Principle of Maximum Likelihood.
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Statistical Analysis
Modified Shape Analysis

Minimise x? with respect to AS;. Two possible cases:
OE,'—FS,'ZO,' — AS =0
Oé;+5;<0,' — AS,':O,'—B,'—S;

Statistical Reason

Principle of Maximum Likelihood.

Physical Reason

Underestimation of the signal.
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N
Results

Comparison between MSA and C&C.

L=224fb" Vs =13TeV.

Mee [GeV]
M [GeV]

102

2
10° 10* 10° 10° 1000 10* 10° 10°
mpy [GeV] mpy [GeV]
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N
Results

Re-write the limit using: M, = g« M,.

L=2.24fb"" Vs =13TeV

M, [GeV]

10° 10* 10° 10°

mpy [GeV]

M, [GeV]

L=100fb"

Vs =13TeV.
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Conclusions
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e The EFT approach allows us to study Dark Matter production in a
model-independent way;
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Conclusions

e The EFT approach allows us to study Dark Matter production in a
model-independent way;

e Solid and reliable limits;

e We developed a method to combine the EFT approach with a
shape-based statistical analysis;

e Method applicable to similar situations;

e Possible extensions:

e NON-gaussian Likelihood
e Systematics and errors correlated
e Application to different final states
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Thank you for your kind attention
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