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Analysis Outline

Z boson decays into a lepton pair along undetectable particles J

mse
@ clean dielectron signature in the ECAL %
@ clean dimuon lepton signature in the muon
chambers
@ kinematic cuts for best signal extraction, veto on
b jets

q . =y 1
A
Z
Vs VA o g
X X
X = at
X X
q X g q g q

10.1103/PhysRevD.93.052011

Michael Brodski (RWTH Aachen) New Physics in Z+MET at CMS 2/8


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.052011

Analysis Outline

Z boson decays into a lepton pair along undetectable particles J

CMS,
@ clean dielectron signature in the ECAL é
@ clean dimuon lepton signature in the muon
chambers
@ kinematic cuts for best signal extraction, veto on
b jets

q . =y 1
A
Z
Vs VA o g
X X
X = at
X X
q X g q g q

10.1103/PhysRevD.93.052011

Michael Brodski (RWTH Aachen) New Physics in Z+MET at CMS 2/8


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.052011

Analysis Outline

Lepton Selection

@ Exactly two leptons are required

@ pr, > 20GeV;20GeV
@ |n| <24(25)

Event selection
Object selection Veto on any third lepton

°

@ Isolation requirement @ Veto on >1 jet with pr > 30GeV
°
°

o |M27Mll| < 10GeV

@ Muon ID Cut on balance Il and MET
@ Electron ID Cut on angle Il and MET
Veto on b-jets
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Results and Limits

Leading ZZ and WZ backgrounds estimated from Monte-Carlo. WTW—, Top,
Z backgrounds estimated from data.
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Transverse mass calculated from the lepton pair and £ agrees with the
Standard Model prediction
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Results and Limits
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Results and Limits

Limits on the nucleon cross section set for four different coupling types J
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LUX stronger for higher masses with spin independent couplings
Very strong limits for tensor coupling

Expect to improve the truncated limits with the Simplified Model approach in Run Il
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Results and Limits
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Conclusion and Outlook

Summary and Outlook

@ All-round Z+MET search for New Physics performed with Run 1
data — first of its kind for Dark Matter at CMS!

@ Set strong limits for different New Physics scenarios

@ Run 2 analysis in advanced progress (more (sophisticated)
interpretations — Simplified Models, EWK Dark Matter, ADD)
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= A first di i f 13 TeV It
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BACKUP
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Effective Field Theory

q el i (], -
%
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(13
Vector coupling, Spin-independent (D5): %gmq
—94—~5_ = 5
Axial-Vector coupling, Spin-dependent (D8): %W
. A
Tensor coupling, Spin-dependent (D9): %ﬁ‘wq
Té—) o I
Vector coupling, Spin-independent (C3): %ﬁ”q

Very clean dilepton final state!
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@ In the universe, there is more gravitation than can be explained by

visible massive bodies
@ The velocities of the stars in galaxies as a function of the distance

to the center give us a hint that there is a lot more mass than we

can see

\Elocity

Dark matter
@ Not visible in the
detector

Distance
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@ In the universe, there is more gravitation than can be explained by
visible massive bodies
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Assumptions about Dark Matter

Dark matter particle X

@ is a weakly interacting fermion (WIMP) Historically divided
@ has a mass between 1GeV and up to 1 TeV in spin
@ is stable

independent and
spin dependent or
scalar, vector etc.
couplings

@ will not interact with the CMS detector — EMiss

@ Colloquial
abbreviations
used for different
Dirac (D)
fermionic
couplings

@ Complex scalar
Transverse energy unbslanced couplings (C)

also considered

MET = 247.22 GeV|
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Variable Requirements
¢ >20GeV
: |mgg—mz| <10GeV :
Preselection  jet counting <1 jets with pl. > 30 GeV
o0 >50 GeV

3rd-lepton veto
Top quark veto

Py > 10GeV
veto on b jets and soft muon

Selection

|uy /Pt

"o ) 1l
Emiss _

|Er;£iss Pr |/Pr
T

=

> 2.7 rad
<0.2
>80 GeV
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19.7 fb (8 TeV)
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Process ete” T
C3(10GeV) 0.20 + 0.004 + 0.02 0.24 £ 0.005 + 0.02
D5(10GeV) 0.79 £ 0.02 £ 0.09 0.97 £ 0.02 £ 0.09
D8(200GeV) 0.48 £ 0.01 £ 0.06 0.59 £ 0.01 £ 0.05
D9(500GeV) 10.24 £0.12 £ 1.59 10.80 £ 0.13 + 0.98

Unparticle(1.6) 48.96 + 0.88 £ 3.26 65.80 4+ 1.07 4= 4.38
Z/yt — 00— 8.18 £ 1.93 £ 0.82 8.59 £3.01 £ 1.02

WZ — 30y 25.08 &+ 0.53 £ 2.84 40.70 + 0.69 £ 4.50

77 — 202v 58.81 4+ 0.65 + 10.30 | 78.68 + 0.79 4+ 13.83
Top/WtW~—/Z — vtt~ | 1874 £3.39 £3.27 2292 £2.29 +3.44

W -+ jets 1.84 + 0.64 + 0.27 -

Total bkg. 112.66 = 4.04 £ 12.52 | 150.89 4+ 3.92 4 17.84

Data

111

133
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Mo

Source Background Signal
uncertainty(%) uncertainty(%)
PDF+as 5-6 8-20
Factorization/renormalization scale 7-8 5
Acceptance (Z2Z) 14 -
Luminosity 2.6 2.6
Lepton trigger, reco & id, isolation 3 3
Z/v* — €0 normalization 10-11 -
tf, tW, WW normalization 15-17 =
W + jets normalization 15-23 -
MC statistics (Signal, ZZ, WZ) 1-2 1-2
Control region statistics (Z/y* — £747) 25 -
Control region statistics (¢, tW, WW) 18 -
Control region statistics (W + jets) 36 <
Pile up 0.5-1 0.1-0.7
b-jet tagging efficiency 0.4-1.4 0.6-1
Lepton momentum scale 0.4-0.5 0.1-1
Jet energy scale/resolution 5-7 3-5
Unclustered ER* scale 1-2 1
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Unparticle Reinterpretation

@ Unparticles might present themselves in the same final state
= interpret the search for Unparticle parameters! ’

q UG

‘UG @

q

/\dBZ ay

Ll =Cy G P e U O @ OsmOy,
U L{

Michael Brodski (RWTH Aachen) New Physics in Z+MET at CMS 17/8



Truncation

EFT generally overestimates the signal prediction

M

@ Consider a tree-level simplified model from which follows: A ~ Wi

@ Introduce a momentum transfer Q, and demand
© Q: < M~ /Gqg A whereby A > 7
©Q O Define

pr Pour
fmm dpl'f min ndprdn Q < gqu/\
N = max

Sk dpr [ dngoest

and set it to a realistic value, e.g. 80%
@ Manually remove events which do not satisfy Qi > /ggg, A

for both options a choice of gq and g, is necessary
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Nucleon xsec — comparison
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e
where A* = A} + A} and 4 stands for the reduced mass of the nucleon. Furthermore, AY and 7 are characterising the nucleon structure (hereby, 5 = f = 2 and f§ = f§ = 1; f = 0 otherwise).
A'is a spin dependent form factor with Af = A] = 0.842 + 0012, A% = Af = -0.427 - 0.013 and A% = A = —0.085 + 0.018 arxiv.1310.8327v2,anxiv.1310.8214v2
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Two alternative Dark Matter models

Two possible interaction models for dark matter to the Standard Model |

Model the interaction with an Assume a heavy mediator
Effective Field Theor.y'(EFT) q S
el _ - visible =
Ly 94Z,07"7°q
XY —/’fzq‘mq X +QXZL% X
9 . o
= _ Med =
q X q X
Allows for more model-independence Allows for more precise simulation ’
{mX7A} {gCth7mX7Mmed}
y
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