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Why even bother? ST
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=> new resonances (keV)

=> deviations from SM In precision measurements

Teilchenphysik II: W, Z, Top am Collider — 2. Vorlesung BUE dark matter workshop



Potential Solution

Extra Dimensions

AT
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Gravity “diluted” in extra-dimension / by space-time-curvature-factor

=> expect Kaluza-Klein excitations of the graviton

=> can couple to Vector bosons
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Promising Channels ST

» Searches largely driven
by signal acceptance L— _ dqg
at high masses
=> prefer hadronic decays 2 leptons: golden channel

 Easytofind
« High precision kinematics

= Hadornic decays difficult + Low branching fraction

=> high background
=> poor resolution
=> overlapping final

state jets for
energetic bosons W— lv qq

lv channel preferred
» Distinctive lepton signature
* Neutrino not measured
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Jet Substructure Methods *‘("
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= Highly boosted bosons:
jets overlap, reconstruced
as single fat jet

j
AR > jet radlus R AR < jet radius

= ldentify boosted decays by:
=> |et mass
=> two prong substructure

Filtered jet
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Does that really work? IT

= How to find hadronic W decays for validation?

= Look at top quark pairs
— Identify lepton + b-jet
> asecond top quark is likely in the event

CMS L=19.7 fb?

L=19.7fblat ys =8 TeV
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO13009/ttbar_mjet_MU_HP.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO13009/ttbar_nsubj21_MU_ALL.pdf
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http://arxiv.org/abs/1405.3447%F0?

Example Analysis IT

= Straight forward:
=> select two fat-jets 2
=> |ook for bumps on S
smoothly falling =
5
T

35.910" (13 TeV

T I T ] T T T ] I I

CMS | —+— CMS data

= 2 par. background fit

----- G(2 TeV)»>WW (c = 0.02 pb)
WW, high-purity

m| < 2.5, P, > 200 GeV

my > 1050 GeV, |Anjj| <1.3

S’

dijet mass spectrum

s No resonance found: 107
=> currently best limit
on Bulk Graviton
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= Background from

analytics fit to data: s g 2F
=> more difficult with more ggo _________ .~ — _______ R ——_—
data () i, | ’ ........ . N I ........ ey ........ s _
. ) 1500 2000 2500
=> trying to improve background Dijet invariant mass (GeV)
estiamte for 2017 [B2G-17-001]
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Another Example ST

= Looking for

6 35.9 fo' (13 TeV)
ZZ%IIVV %) 10 %I L | 1T 1 1T 1 |il | | T | L I?
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CICJ 1 02 - [ | Syst. uncertainty .
> 3 E
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. L . 107'¢
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[B2G-16-023]
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DM Interpretation

= Z->VV IS not observed
=> only pt, (=MET) known

= Could be anything else:
=> DM mediator particle

= Very similar analysis can
be repurposed to search for DM
=> mostly sensitive to

. E 10° ?CMS -ZZa -
models with weakly coupled 2 | cemu  mowhe 3
med iator Lﬁ 10 " _g%ne(fi;\;i:or coupling H —
\\\g%ﬁu :'go GeV,m  =500GeV A Q
= Kinematics largely independent of 0" b >
DM particle mass op S &
=> important parameters are mediatior £ ",
pI‘Opel’tieS ) 0.i)o_o' ~T300 300 400 '539'53 [Geé?o
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Results

LQ1(ej) x2
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Excited

Fermions
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coloron(jj) x2
coloron(4j) x2
gluino(3j) x2
gluino(jjb) x2

ADD (y+MET), nED=4, MD
ADD (jj), nED=4, MS

QBH, nED=6, MD=4 TeV
NR BH, nED=6, MD=4 TeV
String Scale (jj)

QBH (jj), nED=4, MD=4 TeV
ADD (j+MET), nED=4, MD
ADD (ee,up), nED=4, MS
ADD (yy). nED=4, MS

Jet Extinction Scale

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dielectrons, A- LLIM
single e, A HnCM
single p, A HnCM
inclusive jets, A+
inclusive jets, A-
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CMS Exotica Physics Group Summary — ICHEP, 2016
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Indirect Measurements
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Effective Field Theories

Assume new physics at some scale A

Parameterize new physics at lower scales by
developing as power series in A
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Adds new higher Dimension parameters to the Lagrangian

Lo = Lo+ xL1+ .

SM covers all dim. 4 operators

Dim. 5 violates lepton number (of interest for neutrino masses)

Dim. 6: includes triple gauge couplings

Dim. 8: includes guartic gauge couplings

Teilchenphysik II: W, Z, Top am Collider — 2. Vorlesung

BUE dark matter workshop



2.3fb"' (13 TeV)
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Example

----- signalc  /A%=12 TeV?
WwWw

I W+jets

I

Bl WWwz

I Single Top

BxZZ] Background uncertainty

= Typical analysis similar
to resonance search
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A Closer Look A\‘("
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EWK Boson Interactions A\‘("‘

1 7 L
Wi W'

QGC TGC Propagator
W, ,wW,W,wW W,W ,Z/y
W,W,Z/y,ZIy ey -

“ZITEIT T
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EWK Boson Interactions AT
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1 4 127
Wi W'

QGC TGC Propagator

W,W,W,W W,W,Zly
W,W,Zly,Zly E-aaanas
R iy v y v ey e

» Cross section rises with cms-energy
=> non-unitary scattering matrix

* In SM, unitarized by negative interference
with Higgs diagrams

« Potentially large effects for non-SM
Higgs scenarios
* Insight into ewk symmetry breaking 5
vH
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Double Brem

W
W
Z/y
W
W
TGC

+ ... (other ab)
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Double Brem

W k
W
Z /v
W W
W /
TGC

+ ... (other ab)

A
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+ ... (other a‘a?)
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VBS - tagging IT

® Two tagging jets
=> |large An
=> large M;

di-muon mass=90.2 GeV
di-jet mass= 1393 GeV

muon 2, p;: 87.6 GeV

® Boson system S jet1,1=2.8,p,:49.9GeV
. . . g .*w——“—-.?;*—-;——;——
between jets in rapidity = s

jet2,m=3.6,p;:45.2GeV 4+

’ ~~" muon 1 p;:33.8 GeV

® Angle between dijet and EWK system
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Same Sign WW AT

W k

W

Z /o
4

No gluon induced processes at LO

3

High purity

+ ... (other af) + ... (other aay?)

Double Brem
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Results AT
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Summary AIAT
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= Multi-Boson processes offer door to new physics at the LHC
=> few measurements from older acceleratorse
=> expect to see effects in weak bosons when answering
hierarchy problem

= Many interesting topologies:
=> resonances

=> anomalous couplings
=> vector boson scattering

= Still everything compatible with SM

BUE dark matter workshop



