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C\E/RW We have a problem

NS

>how can we explain the big difference between the weak force and
gravity?

2 =\ = San, ~ AR < 1 ~ TSGR

>no symmetry in the standard model (SM) protects the Higgs massQ

> u|H?| always a singlet under phase transformations

> ,natural” explanation would be that SM is replaced by another theorytat the
TeV scale: y? ~ (heavier scale)? =» new particles

>these theories could be:
>SUSY: protecting the Higgs mass by a symmetry

>Composite Higgs: the Higgs is not elementary

>Large/warped extra dimensions: gravity is strong at electroweak scale
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[https://www.learner.org/]
C\E/RW Composite Higgs?

NS

t
>the Higgs could be non- H H
fundamental =0 Tttt pemmmmemeemeoo
>instead: bound state of a new strong
Interaction t

>e.g. size of 10 m ~ Fermi scale
(100 GeV)

= light Higgs like a pion from a new sector

> solves hierarchy problem, and brings
along new heavy particles/states

>heavy partners of SM particles decay
to lighter ones (W, Z, H, top, ...)
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Eric Williams
C\m Large extra dimensions?
NS

>another attempt to solve the
hierarchy problem

>SM fields are confined to four-

dimensional ,membrane”, gravity -
propagates in additional \
dimensions bulk
> effectively, change power law of |
gravity from 1/r* to 1 / r2 TN where gravity gra"'tt%’rgin propagate  |sm
/ : gh bulk
N = number of extra dimensions
>this only applies to particles with -
r < N - smaller things have I\V "
more possibilities to move Planck-brane TeV-brane

> large”, because of size 1 mm to
~1/TeV

> proposed by Arkani-Hamed,
Dimopoulos, and Dvali (ADD)
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Eric Williams
C\E/RW Warped extra dimensions?
NS

> often referred to as Randall- \ RS1 model
Sundrum (RS) models bulk f —

>warping causes energy scale at |
one end of the extra dimension to gravity QFaV'tt%’ Canhpgor?sgate SM
be much larger than at the other rough bu

end
>SM models reside on TeV-brane / o IR
(in RS1 models) Planck-brane TeV-brane

>bulk graviton models allow SM |
particles into 5D-bulk \ buik

> overlap of 5-D profiles at TeV-brane Fermion Higgs
(and Higgs) determine particle
masses

Gauge Boson

> additionally, if distance between
two branes is not fixed, additional uv
fluctuations can occur Bulk model

\
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C\E/RW How do we observe these models at the LHC?

NS

>should be able to observe excitations/
resonances/fluctuations

>composite Higgs: electroweak composite
vector resonances

= mostly spin-1 (W', Z')
= decay to pairs of W, Z, H
>Randall-Sundrum: Kaluza-Klein excitations
of gravitons + radion fluctuations
>gravitons (spin-2):
* RS1: decay predominantly to leptons

= bulk: decay to pairs of W, Z

= ADD: broader excess from many narrow-spaced
resonances

>radions (spin-0):
= only used for signal modelling here

>focus here on narrow resonances (width <
detector resolution), mass 2 600 GeV
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C\ER/W What about the diphoton resonance?

NS

> neutral resonance could be graviton or radion as in diboson searches

>resonance cannot directly couple to photons =» loop of charged particles
(e.g. W, top, ?) in decay (and production?)

>there must be more than just a di-photon resonance

> searches presented in this talk constrain what physics models this
potential resonance could be

31.05.2016 Clemens Lange - Diboson resonances searches at CMS



C\m Reconstructing heavy resonances
NS

>bosons will be very energetic =
collimated decay products

>need to develop dedicated
reconstruction methods

>hadronic decays of bosons:

= boson-tagging"

= exploiting substructure of jets
> |leptonic decays:

= special isolation for dileptonic decays

= dedicated reconstruction algorithms for
high-pt leptons
focus here on Run-2

= new tau-identification algorithms developments and analyses
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JHEP 12 (2014) 017
C\m Hadronic boson identification
N/~

>at CMS use anti-kr jet algorithm g  AR= A+ A¢? 47

with R=0.4

> already for resonances of 1 TeV a
significant fraction of cases where
the boson decay is contained in a
single jet

>Iincrease jet sizeto R=0.8 to
contain full decay within ,,fat” jet

> 1 8 TeV g l
A R I N N e R s
S e s M
CL) i imulation |
g o0 : AR,y ~ 27
° L. ¢ ooy 19 V
= erged jet efficiency .
2 06| | | - Pr
S - single CA R=0.8 jet .
2 R (Wjen) <01 - back of the envelope calculation:
§ - - —EIEI— Resolved jets efficiency .
o B two AK R=0.5 jets 7
021~ R (oet) <0 - for a resonawnce of mass 1 TeV the
—— Sl i ’
A T ] bosons from the deca Y will have
00 400 600 800 1000 1200 _ .
W boson p_ (GeV) Pr—O0.4 Tev > AR =04
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Silicon
Tracker
Electromagnetic
Calorimeter
Hadrom
Calorimeter Superconducting v ¢
Solenoid Iron return yoke interspersed
wiith muon chamlbers
Muon Electron Charged hadron (e.g. pion)
- = =. Neutral hadron (e.g. neutron) ----. Photon

>tracking detectors and calorimeters contained in magnetic field

> particle flow algorithm makes use of sub-detectors with best resolution (both

spatial and energy)

>actual ,particles” enter jet clustering
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CMS-PAS-HIG-14-008
C\m Jet pruning

NS

>we know the masses of W, Z and
Higgs very well =» can use them as

CMS Simulation

constraints ﬂ | | | | | | | | | | | | | | |
C i —— SM Higgs, m = 600 GeV ]
>however, large number of particles 2 [ - ungroomed jetmass |
in jet =» rather bad resolution & 1 Wi Jets, MadGraphsPythia6 _
. . . E O 2 I ungroomed jet mass —
>jet pruning (generally grooming) = i ]
removes soft and large angle _ ﬂ |
radiation - =5 -
> strategy: 0.1 =
= recluster jet using Cambridge-Aachen - |
(CA) jet algorithm S |

o i e ol

0 50 100 150

pruned jet mass

31.05.2016 Clemens Lange - Diboson resonances searches at CMS 12



JHEP 0804:063,2008

\® Reminder: jet clustering algorithms

anti-k,, R=1 |

> kr-algorithms: sequential
clustering :

>examine four-vector inputs pairwise
and construct jets hierarchically

> anti-kr: preferentially merge
constituents with high pr with

respect to their nearest neighbours o S
first g:
>Cambridge-Aachen: no pT- :§

o
vt

weighting, merge based on spatial
separation only = undoing
clustering yields subjets

PO

5 e Aa A

parm e
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CMS-PAS-EXO-15-002
C\E/RW Jet pruning

NS

>we know the masses of W, Z and
Higgs very well = can use them as 10’ 261" (13 TeV)

> L B B L L ]
constraints S [CMS e CMSData i
o 500 Y —w (G, (2 TeV) — WW (MADGRAPH))
>however, large number of particles S “°Z(G,, (2TeV) —~ ZZ(MADGRAPH))
in jet =» rather bad resolution % a0l — W2 TeV) = Wz (MADGRAPR) -~ -
= e QCD PYTHIA8 g
>jet pruning (generally grooming) Ij‘>j - ]
removes soft and large angle 3001 -
radiation o -
200 T —
> strategy: : -
= recluster jet using Cambridge-Aachen i ~
(CA) jet algorithm I E

- soft': min(pf, py) /Pr < 1

orig

- large angle”: AR;; > m°"8 /p 8
orig = unpruned CA jet

. 0: 50 1 OO 1 50 260 250 360
>cut on mass window (~+10 GeV) Pruned mass [GeV]
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JHEP 1103:015,2011
C\E/RW N-subjettiness

NS

>for boson-tagging: want to quantify how 2-subjetty a jet is

>=» to what extent is energy flow aligned along 2 momentum directions (N=2)7?

1 | 2 axes 1 axis
TN — d_ ZPT,k mln(ARl,kv ARQ Ky AR]V k) ‘
P N
normalisation sum over particles minimise distance to

candidate subjets

low values of Tn = compatibility with the hypothesis of N axes

Boosted W Jet, R = 0.6 Boosted QCD Jet, R = 0.6
56 B 7 7 - ) A AN 7 = /
) - .. | QCD-jet
// ] [ ] | | \\
54r oA P ‘ B p
! L] [ ] \ » -t
o i alie)
0 | - 52 1 = B 9/q
- N
[ )] i O
5 [ |
4.8t
b
4.6 . / )
-0.2 0 0.2 0.4 0.6 0.8 1 -12 -1 -08 -06 -04 -0.2
n n
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CMS-PAS-EXO-15-002
C\m N-subjettiness ratio
NS

>Dbare Tn has very little discrimination power
>take ratio 12/11 instead

>mind: rather complicated variable, difficult
to model = need to validate in data

Lo _I TTT | TTTT | TTTT | TTTT | TTTT | IIIIIIII | TTTT | TTTT | TTT I_
o - CMS —— CMS Data —
. . @ o | Preliminary ]
>clean sample of W-jets: top-antitop quark = 140007 —— Gy, (2TeV) — WW (MADGRAPH)]
. : : @0 - -= Gy (2 TeV) — ZZ(MADGRAPH) ]
-
_ - L 22B'(3Tev) LLI N [ ] acb PYTHIAS I
S 3501 cms 4cmsbata [ 10000 |— —
o - Frelminery |:|Single Top .VV . B ]
: 300__ . - - -
@ Bl wiets e st 3 8000 —65 GeV < M, < 105 GeV .
S 250 — Wprime1TeV x 50 — - _
> L " ] - ]
LLl C - ]
. 6000 - :
150F 4000 .
100F B i
- 2000 — —
50F - ]
of
O 2 15F
= i5F Slo k
s F S= E
5 1 Q= sk
0.5F -
0
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EXO-14-009
Cim Higgs-)bb tagging CMS DP-2015/038

NS

: . 0.4 8 TeV
>Higgs has higher mass than W/Z E ous T
bosons =» 12/T1 less important, | — -
exploit b-jet content instead 2 R
< r  fm Z-qq

. .
N
T | T T T T

>two different strategies:

= identify b-subjets

= tag fat jet IR AN
> currently, both show comparable R BT e
performance Jet mass m, (GeV)
1('3MS Simulation Preliminary (13 TeV)
>50% lower mis-tagging rate than =
W-/Z-tagging g | —ramcsw
2107 oo

- 70 GeV <M, <200 GeV, p, > 300 GeV

>dedicated Higgs-tagger available
soon

1072

H->WW=>qqqq tagging is

done using T4/T2 ratio |
(Cf- T2/T1 forWlZ) 10‘ oS b b b b b b b b

0O 01 02 03 04 05 06 07 08 09 1
Tagging efficiency (H—bb)
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CMS-PAS-EXO-15-008
C\m Higgs=>1T tagging

NS

> T-lepton can decay hadronically
and leptonically

> need to take into account potential
overlap between the two T-leptons

= remove tracks/particles entering other
Isolation cone

> discrimination against g-/g-jets: v
MVA-based isolation
CMS Preliminary 19.7 b (8 TeV)
= sum reconstructed particle energies in @3- EE) orikVan s 5
various cones around T decay products 9301 I W + jets ]
; - [ Single top
>neutrinos in decay cannot be 520 . mmm ocomiie
reconstructed =» missing energy 20 i  opnal an (M sTo Tel: A"f
= TT-reconstruction using templates from 15;_ ++M %L E
Monte Carlo simulation (SVfit) 10 / E

5 - "
e = | == .
currently only 8 - e o
TeV results 20 40 60 80 100 120 140 160 180&8&)2{%09\2/?0
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C\E/RW Lepton (muon + electron) reconstruction

NS

>two isolation issues:

= radiation from highly energetic leptons
spoils isolation

= leptons spoil each other’s isolation
>employ dedicated high-pr

algorithms to preserve high
efficiency

>|oosen selection criteria one of the
eptons in Z=»ll decays

> |leptonic W-decay: need to recover
z-component of neutrino

= use W-mass constraint for reconstruction

Efficiency

Scale Factor

CMS DP-2013/003

High energy electron ID (HEEP)
CMS Preliminary, s = 8 TeV, f L dt=19.6 fb"

..
0.95 —
09— .

[ o _
0.85 i e e e Sttt R M S St S S O ]

B A e DATA (BG: subtracted) ]
0.8 _—""§'"'Barrei"E">35"G'eV """""""""" e """ e
0750 ]
1.1
1.08
1.06
1.04
1.02

,

0.98

0.96

0.94

0.92 R e e S

0.9 40 50 60 70 100 200 300 400 500 1000
E; (GeV)
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C\m Strategy/event selection for VV analyses

VV =» qqqq analysis § VW =» qqglv analysis

VZ = qqll analysis
Hr trigger (800 GeV)

trigger or jet+groomed mass! single lepton trigger (e/u pt > 105/45 GeV)
" o - special i1so/ID for
lepton(s) — - AEEPeigh-pri 1 o lepton
Vi anti-kt R=0.8, pr> 200 GeV,
-jet exploit substructure T2/T1, use groomed mass
\V/ boson An <13 . reconstruct leptonic V, pt > 200 GeV

candidate(s) use mass window

X additional cuts on separation of bosons in A¢ and AR
reconstruct X using both reconstructed vector bgosons

search for bump in mvyy distribution

diboson-like topology:
® AR(4,Wyaq) > /2
° A(P(Whadz E—Il-niss) > 2
° A(P(Whadz W]ep) > 2
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CMS-PAS-EXO-15-002
C\E/RW Dijet (VV) analysis

NS

2.6 (13 TeV

>trigger at ~1 00% efficiency at S [oms 4 cMspaa A
mys > 1 TeV i T AR ACoNE
§12000__ —— W' (2 TeV) — WZ (MADGRAPH)
= apply cut on reconstructed dijet system W ool [ aco pytHiag 1
: : . - LP .
>define different 12/T1 regions: 8°°°;sseev<mp<1oseL E
_ _ 6000 — HP —

= high purity to suppress background - .
4000_— - ]

= low purity to recover signal efficiency at high

2000

MaSSEeS
>Sp||t W and Z SampleS based on %%151_ ...... +++++1 ...... ............ ...... + ..... F ...... ......... _
pruned Jet mass (65-85, 85-105 G eV) Q 050_0102 ..... 03 ...... 04 05 ...... 06 ..... 07 082‘:.._1
> still dominated by QCD multi-jet events
> difficult to obtain sufficient MC N ofit
ITTICUIT 1O ODtaln sutricien .signal

simulation statistics ¥ data

>need a data-driven approach

>exponentially falling spectrum: use fit

function m..
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CMS-PAS-EXO-15-002
C\m VV background estimation
NS

>naively, fitting the my, spectrum could
swallow signal

2.6 fb" (13 TeV)
T

10*

T | T T T T | T T T
—+— CMS data

. 2 par. background fit

CMS

Preliminary

>also, need to avoid claiming false
discovery (in particular in tail)

— G(2 TeV)—>WW (o = 0.014 pb)

>
()
Q)
™
q—
o)) 3
210
§2
C
()
>
L

WW; low-purity

: : 10° i <2.4,p_>200 GeV —
>fit function: = |\T/]|jj>1 TeV, lnl<1.3 3
N _ PR or N _R(om/ Ve 10 E
dmj;  (mjj//5)" dmi; (mji/ /s)"2 - :

2 parameters 3 parameters 1

>number of free parameters determined by :
F-test: o
= check if quality of fit improves by > 10% confidence 1000 500 2000 5500 3000 5500
level Dijet invariant mass [GeV]

= if not, stick with current fit function

very similar background

>extensive bias tests conducted estimation strategy as for

>combined signal+background fit performed diphoton resonance search

31.05.2016 Clemens Lange - Diboson resonances searches at CMS 22



CMS-PAS-EXO-16-019
C\m Intermezzo: Zy search overview
NV Erd

>recently published Z=»ll + y search
>inspired by yy ,excess”
>same photon ID as yy search, dilepton ID as in ZV search, fit background

> limited by statistics, no significant excess

CMS Prellmlnary 2.7 b (13 TeV) CMS Prellmlnary 2.7 (13 TeV)
A102 """""""""""""""""" RARRRRALE RARRARERRE A~ T T e T T T RERERRARE
> muon channel > & - electron channel
O] ¢ Data O] ¢ Data
o . o )
E_\l/ — Fit S 10 — Fit
> 10 Uncertainty » F Uncertainty
2 E T k
(0] o u
> S
L L

o

1000 1200 1400 800 1000 1200 1400
M(uuy) [GeV] M(e'e’y) [GeV]

31.05.2016 Clemens Lange - Diboson resonances searches at CMS 23



CMS-PAS-B2G-16-004
C\m VWI/VZ analysis overview

NS
~ oxc . 227(13TeV)
>for 2015 data, two separate analyses S 18f v el L
performed: % :i; DSingIeTop MCStat :

= low mass”;: 600-1000 GeV
= ,high mass®: 1-4 TeV
= VZ analysis not yet public

>difference low vs. high mass:

= -
" lower boost =¥ can use isolated lepton £ 1'i§
triggers with 27 GeV thresholds - T e e Do A
. . 1(;0 260 360 460 5(30 660 7(50 -
>requiring an isolated lepton T (GeV)
suppresses QCD multi-jet background o signd
significantly N background 1
- background 2
>dominant backgrounds: " @ background 3
* * data
= Drell-Yan/W+Jets o

= top-antitop quark production

>can estimate individual background
components from sidebands

31.05.2016
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CMS-PAS-B2G-16-004
CE/RW CMS-PAS-EXO-15-002

1 VW analysis background estimation
NS

T . : : 2207 (13 TeY)
> statistics in MC simulated samples still > Eeoms | . omsDaaw Wiets |
I' t d 8 350—_Preliminavry -WW/WZ = - =
: tt -
imite \\Lrl 300;_ [ ] single Top -] Uncertainty _;
> furthermore, analysis performed in g e A
extreme phase space Y soE A 3
1ooks 3

-----
- -

>use pruned mass sidebands (40-65
GeV, 135-160 GeV) to exploit
correlation between pruned jet mass
and resonance mass

50

Data-Fit
0data
NDON

40 60 80 100 120 140
. . ) Pruned jet mass (GeV)
= Higgs mass region kept blind

LI L L L R B LR L L '2'.2' ﬂ')-1| (13 TeV)

>determine ratio of simulated to data S 0ECMS . cusomae  EWes
. . . . . (g 10° Preliminary - WW/WZ t E_
distributions in sideband S [ singe Top 7 Uncertainy 5
— 2 «-e- Gy Mg=2 TeV (x1 —

. . . ?) ° HighfPu(r)i(t)y)/, WW enriched =

>extrapolate to signal region using 5 E
transfer function (based on s

simulation)

>method accounts for data-MC
differences in shape and normalisation

Data-Fit
0data
NDON

x10°
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CMS Preliminary 2.7 b7 (13 TeV)
300||||||||||||||||||||||||||||||||

ZY W = 0.014%

— Observed

- Expected + 1o

""" Expected + 20

CE/RW Intermezzo:
7 YY vs. Zy vs. WW

250

. 200
> [imits for narrow resonances

= caveat: slightly different models used b

>minimal upward fluctuations? 100

95% CL UL on ¢ x BR(A—Zy) [fb]

50

|III|III|III|III|III|III|III|III
0400 600 800 1000 12001400 1600 1800 2000

Resonance Mass [GeV]

230" (13 TeV)

5\ 102 T T T | T T T | T T T | I CMS Pre/iminary 2.6 fb1 (13 TeV) +19.7 fb1 (8 TeV)
% - I?rzlll':i nary --------- Asympt. CL, Expected \ K =0.01
; 2 fessssss Asympt. CL_ Expected = 1s.d.| 14 YY \ I Expected limit
; 2 S B Asympt. CLS Expected + 2 s.d. B +1
/I\ 1 O E ......................................... omy X BRGM_, k=05 . § \ +10
« o v u v u —— As:ympt. CL,_ Obse:rved 3 12 \ - +20
a L 5 : ] —— Observed limit

10

95% C.L. limits(pp— G—vY) (fb)

oo
III|III|III|III|III|III|III|II

1 0'3 | | | | | | | | | | | | | | | | | | |
600 700 800 900 1000 0

2
MG (GeV) 5x10
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CMS-PAS-B2G-16-003
C\E/RW VH analysis overview
\J

>2015 data: H=>bb, leptonic W/Z decays

= \W=>|v
= Z=3|

= Z=dVV

> categorise in single and double subjet b-tag categories

>same background estimation method as for VW search

x — Vh = (I, va)bb 2.17 fb (13 TeV) X —> Vh = (lLiv.vv)bb 217 " (13 TeV)
> 45 — T T T T T T T __ > T | T T T T T T T | T T T T |_
8 E gr'g,l%vma Data E 8 2 grln'\al,gwnary Data |
E(—';. 40— i 0 V+4jets — g 10 0 V+ets E
; E ol 1 b-tag vvvvvvv - Top’ ST E 9 0l, 1 b-tag Top’ ST E
= 35 7 : e B - VV, VH 7
o 7 ] c 10 2 Bkg.unc. 3
LL' 30 §§ ///// — o = 5 S g E

7 3 b =2000 GeVS

254 — HVT model B -

X1 | . 1 3

20EH 4 1 Z=»vv, 1 b-tag 5

7 = ]

15 — .

3 107" 3

= 1072 =

n ] =

2 4 N7 = » -
S 2 G Jl‘ 3 = 3
O QRYygpbyiiiiiii M%‘L ﬁ h&@# tat & 4 O Qppetertn. g s E
+ -? //////////)& e E

-2 i E =

A T : , 3 . =

50 100 150 200 250 300 1500 2000 2500 3000

jet pruned mass (GeV) my,, (GeV)
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C\E/RW Signal modelling and uncertainties

NS

>depending on spin of new particles,
polarisation of bosons different

> Bulk graviton (spin-2) and W'/Z’ (spin-1)
models primarily couple to longitudinal

components of W/Z £ o
>analytical description of signal shapes £ os
based on fully simulated benchmark © 05
mass points g

= double-sided Crystal-Ball function 03

* linearly interpolation between benchmark points o
>signal efficiency up to 15% depending o

on analysis category

>largest uncertainties:

= background estimation

" jet energy and mass scale

= boson-tagging

CMS-PAS-B2G-16-003

X — Vh — (Il,lv,vv)bb 13 TeV

CMS m,=800 GeV
Simulation Preliminary —— my=1000 GeV

——— m,=1200 GeV
m,=1400 GeV

Z=>pp, 21 b-tag —— 771500 dev

—— m,=2000 GeV

2u channel

m,=2500 GeV

m,=3000 GeV
m,=3500 GeV
m,=4000 GeV

Il L | L]
500 1000 1500 2000 2500 3000 3500 4000 4500 5000

my,, (GeV)
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arXiv:1404.0102

C\ER/W Model interpretation

NS
> several different analyses performed RS
1l
>advantageous to use common — ww
benchmark models for easier 0'1==1 "
Interpretation 3 001 b m T e o
>need to know individual couplings ol o
to bosons -
= individual analysis: e.g. o(gg=>G=>WW) 107300 400 600 800 1000 1200 1400
MGr ( GeV)
= combination: e.g. o(gg=>G)
= mind also production mechanism L Bk
g q 0.1} I i L
; === hh
W 2 q § 0.01 - 4 |—aa
e 0.001 - 1 —
X %% \v %
1O_;OO‘ | ‘4(‘)0‘ | ‘6(‘)0‘ | ‘8(‘)0‘ | 1060 | 1260 | 1460
g [ MGr ( GeV)
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10.1007/JHEP09(2014)060
CERN .
\W Model tuning

NS

>models described before can be I heavy vector triplet (HVT) ;

tuned by a handful of parameters —
| W*W-
> bulk graviton: -~ 1071} 2
< : 7 bb
_ '\ Model B dd 7
= mass of graviton 0
= coupling constant determining production E 107
cross section and width =2 /P
>heavy vector triplet (HVT): 10 : e
= phenomenological Lagrangian 500 1000 1500 2000 2500 3000 3500 4000

M, 0 [GCV]

= describes production and decay of heavy
spin-1 resonances

= 4 parameters for resonance mass,
iInteraction strength, couplings to bosons
and fermions

= focus here on ,Model B* with enhanced
couplings to bosons
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iE/RW Putting it all together

NS

>currently, larger number of channels has been covered with 8 TeV data
> differentiate between final states (number of leptons and jets)
>violet analyses interpreted in dark matter scenarios

W iv [ . 13Tev 13 TeV
e

>several analyses repeated and improved w.r.t. 8 TeV (considering mx > 1TeV)
>several more to come this year
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C\ER/W 8 vs. 13 TeV

NS

>While 13 TeV has opened up new
energy regime, integrated
IuminOSity recorded in 201 5 o : Iraticl)s: (I)f LHC palrton Ilumirlms:iti(;,S' 13TeV/8Te
significantly below the one of 2012 3 |

WJS2013

=20 fb! vs. ~3 b

>LHC is hadron collider -
Vs # energy available in collision

luminosity ratio
o

>need to consider parton ~ 4
luminosities | e :
>exceed 2012 reach with 2015 data " L WO
100 1000 _
already at 1-2 TeV resonance mass M, (GeV) [website]

> nevertheless, worthwhile
combining results
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http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html

CMS-PAS-B2G-16-007
C\m Combination of diboson analyses
NS

>example here: V' combination in HVT model B
>seven 8 TeV analyses, three at 13 TeV

>how to combine upper cross section limits from two different Vs?

CMS Preliminary 19.7 fb1 (8 TeV) CMS Preliminary 2.2-2.6 fb1 (1 3 TeV)
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CMS-PAS-B2G-16-007
C\m Combination of diboson analyses
NS

> convert cross section limits into signal strength limits
>8+13 TeV limits comparable at lower masses, 13 TeV dominates high mass

>lower masses: leptonic analyses, higher masses: hadronic final states

CMS rreiiminary  2.2-2.6fb™ (13 TeV) + 19.7 fb™" (8 TeV) CMS rreiiminary  2.2-2.6fb™ (13 TeV) + 19.7 fb™" (8 TeV)
[ [ [ [ [ [ [ [ [ [ I_ | [ [ [ [ | [ [ [ [ | [ [ [ [ |:
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CMS-PAS-B2G-16-007
C\m Combination of diboson analyses
NS

22-26fb" (13 TeV) + 19.7 b’ (8 TeV)

|
- CMS

A

g°Ce/g,

Preliminary

o e TR Y S P YA
3TeV -

O
o
I

> can translate observed limits
Into exclusion contours in
the HV'T couplings space

LR R R R R . R L e L R I I I R

Bouomm o mm o n oo omml m r o o mmomomm g, H N N NN M R D W M R h W N r o rd o nomm

coupling to fermions
o

> additional input to theorists I \ f |
for model building i o -
O I O e -

:&>7%;°exp - :

_1_| '\I/I I | IIVII [ 1 | I !I| |l: I | I I | I I | |_

I
-3 -2 -1 0 1 2 3
coupling to bosons 9,CH
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C\E/RW Summ

NS

> discovery of a diboson resonance might solve hierarchy problem
>however, currently no sign of new physics
> 13 TeV results already exceed 8 TeV ones

> expect another boost with 2016 data
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CMS Experiment at LHC, CERN R

Data recorded: Sun Nov 107:34:12 2015 CET
RurnvEvent: 260532 | 578653788
Lumi section: 331
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C\E/RW W-tagging calibration

NS

> cutting on T2/T1-ratio =» need to know efficiency of cut in data and
simulation

> select at generator level clean W-events and those that do not match

> perform simultaneous fit

2.2fb" at Vs =13TeV 2.2fb'at |s =13TeV
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CE/RW
\

boson-t

W/Z-)qq

H=T1T

31.05.2016

70 %

CETT M 57
H=->WW=>qqqq 10 %

6 %

35 % 1.2 %
35 % 0.5 %
35 % 1.5 %
35 % 0.03 %
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?E/RW Zy sear

>recently published Z=»ll + y search

o : .
0.014% width 5.4% width
CMS Preliminary 2.7 b (13 TeV) CMS Preliminary 2.7 b7 (13 TeV)
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