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Mar 2015 CMS Preliminary

¢ 7 TeV CMS measurement (L < 5.0 fb™)
¢ 8 TeV CMS measurement (L < 19.6 fb™)
— 7 TeV Theory prediction
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 Impressive agreement



QCD at the TeV scale INFN

« PDFs and scale uncertainties are among the main
systematics for Higgs cross section measurement

« QCD is ubiquitous source of background for any new
physics signal
e The LHC has done a great deal of work during Run 1 to
understand QCD at the energy frontier
e Important input for PDF fits

e Put into light the importance of state of the art
theoretical predictions
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Central rapidities are particularly relevant for gluon PDF
Forward rapidities and high pT are expected to have an impact on quark

PDFs
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Inclusion of jet data
predicts a significantly
harder gluon

CMS 5.0fb (7 TeV)

HERAPDF method

: |2 HERA-IDIS + CMS jets
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W+charm

e Probes the strange quark pdf

e Different PDFs
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Sherpa2/Data

MadGraph/Data

« Associated production of vector bosons plus jets has been extensively

used to test the predictions of pQCD

« Several models compared to data CMS-PAS-SMP-13-007
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Hard QCD probes é’f N ..

« Complex observables!
e The Run 1 statistics already oo
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]IIIIIIIIIII

. ECMS Peiminay . :
allows E 0.045y'<1 4 Z./Y VaT\QS E
exploration of extreme o0 :
phase space S ooss

corners 0.0%0

0.025 ]
 Relevant for searches z
CMS _1Preliminary ®  0.0<y|<0.5(x 109 0.020 N _:
19.6 fb™ (8 TeV) : $.z<:z:<:.g g 122 g\i\\ ® data i
= T T T L v 1:5:\y|:2:0 (x109) 0.015 stat+syst =
> ]
¢ B CMS-PAS-SMP-14-00% uecm : 7 MadGraph
2 10° A 3.2<ly|<4.7 (x 10%) 0019 Lo e v v v v b Ly L1
= 5 MadGraph 2+<4/ @LO 00 200 300 400 500 600 79% 800
S 10 Sherpa Z +1,2] @NLO, < 4j@LO PT [G eV]
= 10
P . 19.7fb™ (8TeV)
3 : . 1.5 ERR g T
& 10 . ©1.4

z Y V g
MadGraph Stat. Err. do/dP3/do/dPy, lyI<1.43
IR S S SR NN ST SR SR S (N SR TR SR T N T ST SR SR N SR S P R R R
I . . A 0-200 200 300 400 500 600 700 800
2
10 Leading jet p,_[GeV] P-'[GeV]

Leading jet pT in bins of Z rapidify CMS-SMP-14-005 3



http://cds.cern.ch/record/1740969?ln=en
http://cds.cern.ch/record/1728345

CMS, |

g

o Large theoretical uncertainties

e Important for searches
« Two main approaches

Z+heavy flavor

e 4-flavor scheme: use PDFs without a b quark and
produce all b quarks via matrix element

o 5-flavor scheme: b quarks allowed in the initial state

Y

BOOO—> b

LO for Z+y=1b in 5—1

LO tor Z+>=1b

A

b

P

in 4—1



Z+heavy flavor (N
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e 5-F scheme gives the best description of Z+>=1b jet

 Unclear why, for Z+1b both 4F and 5F should correspond to the same
order

e 4-F scheme gives good description of Z+>=2b jets
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http://link.springer.com/article/10.1007/JHEP06(2014)120

CMS

» O(a”_ ) production of di-leptons has
been investigated

o Tiny cross section, the VBF like
diagram interferes destructively with
the others

. . 2 2 .
« Main background is O(a”_  a°) Z+2jets

 Analysis is based both on an MVA
approach and a data drive approach

to estimate Z+2 jet from y+2jets

* 5 sigma observation of this
process!

e Due to the large VBF
destructive interference, this

could be regarded as the first
observation of VBF in CMS
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http://cds.cern.ch/record/1601549?ln=en
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Diboson production wN

o Important test of the gauge sector of the

SM Coupling Parameters Channel
o Irreducible background for Higgs and WWy aaky | wwwy
searches
e Test of triple gauge couplings WWZ | AZ Akz, AgiZ| WWWZ
. glt}larged TGC (WWZ, WWy) allowed in 77y hiZ. he Zy
« Neutral TGC (ZZZ, ZZy) forbidden in SM 2YY hat, hiY zY
« Anomalous couplings generally lead to Z7Z fiZ, fsZ zzZ
larger cross sections, especially in the high
transverse momentum tails ZyZ AR zz

o TGC

12



CMS . . )
Diboson production [NEN
Mar.l2015 | | | | | | | PMS IF’relinninary

CMS measurements 7 TeV CMS measuremenlt (stat,stat+sys) o
vs. NLO (NLo) theory 8 TeV CMS measurement (stat,stat+sys) *
YY, (NNLO th.) o 1.06 +0.01+0.12 5.0fb"
Wy o 1.16 +0.03+0.13 5.0fb"
Zy 0.98 +0.01+0.05 5.0fb™
Zy 0.98 +0.01+£0.05 19.5fb"
WW+WZ o 1.05+0.13+0.15 4.9fb"
WW o 1.11+0.04 £0.10 4.9fb
WW, (NNLO th.) —_— 1.01+0.02+0.08 19.4fb"
WZ o 1.17 £0.07 £ 0.07 4.9 fb™
Wz — 1.12+0.03+0.07 19.6fb™
ZZ 0.99 £0.14 £0.07 4.9fb"
Z7 1.00 £ 0.06 £+ 0.08 19.6 fb"

”° hﬁp:ﬁgfns_g'rffgf,;,\lﬁ Production Cross Section Ratio: Gexp / cthe:

13



CMS, 1 . )
WW production INFN

« Recently updated with full 8 TeV statistics
 Requiring two charged leptons and MET
e Inclusive cross section

ooms = 60.1 +0.9(stat.) + 3.2(exp.) + 3.1(th.) + 1.6(lum.) pb

CMS-PAS-SMP-14-016

In good agreement with SM NNLO predictions 9. 8Jr 1 pb

e Also in a fiducial phase space Gehrmann, Grazzml et al
p]::“t threshold (GeV) Opjet Mmeasured (pb) 0ojet predicted (pb)
20 36.2 £ 0.6 (stat.) £ 2.1 (exp.) £ 1.1 (th.) £ 0.9 (lum.) 36.7 £ 0.1 (stat.)
25 40.8 £ 0.7 (stat.) £ 2.3 (exp.) £ 1.3 (th.) £ 1.1 (lum.) 40.9 £+ 0.1 (stat.)
30 440+ 0.7 (stat.) £2.5(exp.) = 1.4(th.) = 1.1 (lum.) 43.9 + 0.1 (stat.)
p];ft threshold (GeV) C0jet W—s fv measured (pb) T0jet, W—s v predicted (pb)
20 0.223 = 0.004 (stat.) = 0.013 (exp.) = 0.007 (th.) = 0.006 (lum.) 0.228 £ 0.001 (stat))
25 0.253 = 0.005 (stat.) = 0.014 (exp.) £ 0.008 (th.) = 0.007 (lum.) 0.254 + 0.001 (stat.)
30 0.273 + 0.005 (stat.) = 0.015 (exp.) = 0.009 (th.) = 0.007 (lum.) 0.274 + 0.001 (stat.)

14


http://cds.cern.ch/record/2002016?ln=en

CMS

Compact Muon Solenold

« Differential
measurements
unfolded to particle
level

« Good
agreement with
matched
LO+PS
Eredictions at

igh transverse
momentum

« Angular
distributions
show some
degree of
disagreement
with all
predictions
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http://cds.cern.ch/record/2002016?ln=en

CMS

WW production wh’

CMS-PAS-SMP-14-016

e This measurement is sensitive to aTGC for WWZ and WWYy

Events / (75 GeV)

10*

10°

10?

10

No deviations from SM have been observed and limits have been set

CMS Preliminary 19.4 b (8 TeV)
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100 200 800 400 500 600 L single measurement compefifive
m (Gev) WiTh LEP combination

Coupling constant This result This result 95% interval World average
(TeV2) (TeV2) (TeV2)
cwww /A2 0.1733 [—5.7,5.9] —5.5+ 4.8 (from A,)
cw /A2 361,70 [—11.4,5.4] —3.9173 (from g7)
2 +15.0 +13.6 /¢
cg/ A —-3.2%3,0 [—29.2,23.9] —1.7+135 (from k., and g7)
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http://cds.cern.ch/record/2002016?ln=en

CMS

Compact Muon Solenold

Neutral aTGC INEN
e

No deviation from SM observed so far...

Feb 2015 Mar 2015
T T T T T T T T T T T T T T T T T T L1 T T T
' BT | AR

CDF Limit —

o Zy 0.015-0.016 466" ] —_— 2z -0.015-0.015 4.6 fb"_1
3 ~ . 10,003 - 0.003 5.0 b 4 — zz -0.005 - 0.005 19.6 fl
Y 5.0 — ZZ (212v) -0.004 - 0.003 24.7 fp"
— Zy -0.005 - 0.005 19.5 fb" — ZZ (comb) -0.003 - 0.003 24.7 fiy”
— Zy -0.022 - 0.020 5.1 b Z — ZZ -0.013-0.013 46 fbo"
HZ — Zy -0.013-0.014 4.6 b 4 — zz -0.004 - 0.004 19.6 fb
3 — Zy -0.003 - 0.003 5.0 fb™* — ZZ (2I2v) -0.003 - 0.003 24.7 fb™!
—— wmosiw | | g Z FHRTIEHN
1 — -0. -0 . )
h'x100 ) g _g'gg? _ g'gg? ;'3:2_1 - 77(212v) -0.003 - 0.004 24.7 fiy"
B 7y 0,004 - 0.004 155 1" - ZZ(comb) -0.003 - 0.003 24.7 fE)"
= 0005 0,008 4 Z A zz -0.013-0.013 46"
hZx100 — Z“/ : : 81 5 i zz -0.004 - 0.004 19.6 fb
H Y -0.001 - 0.001 5.0 fb — ZZ (212v) -0.003 - 0.003 24.7 fp
| s F*{ ‘ -0.003 - 0.?03 19.5 fb“ ‘ . ZZ (comb) | -0.002 - 0.902 24.7 fb‘1
05 0 0.5 X107 -0.5 0 o 5 X107
aTGC Limits @95% C.L. aTGC Limits @95% C.L.
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CMS .
Vector boson scattering

e Important process to probe EWSB
 The role of the Higgs in EWSB is

essential to preserve unitarity of

VBS cross section 03
« Same sign WW scattering

provides the best S/B .
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http://arxiv.org/abs/0806.4145

CMS
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Analysis strategy
« Look into the high di-jet mass tail of events witt

VBS in WWijj same sign

two same sign leptons

Backgrounds

« Non-prompt leptons (75%)
« WZ
« Wong sign, DPS, VWV

aQGC
cMS
= [ VBFH" S wWW
4l _:"-,
;200_
T
by
L

Result in agreement with SM
« 20 observed, 3.10 expected
Limits put on alternative models, such as H™

and
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http://dx.doi.org/10.1103/PhysRevLett.114.051801

ChsS, ! . )
Conclusion INFN

Candidate VBS
event in The
Bl di—muon

B channel

 An impressive amount of SM measurement has been carried
out by CMS on LHC Run 1 data

« Next main goals for precision measurement will be

« W mass, triple and quartic gauge couplings, VBS

« And an ever improving precision on QCD measurements
» ...hoping to find hints of new physics

20
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Jet reconstruction (CMS) wu

Istituto Nazionale

o Jets are reconstructed with the anti-kt algorithm, with radius
of 0.5 or 0.7

« 3 available algorithms for jet reconstruction
o« Calo-Jets: use only the calorimeter towers

o Jet-Plus-Track Jets: improve the calorimeter jets using the
tracks in the jet cone

» Particle-Flow jets: uses Earticle flow candidates as input
to the clustering algorithm

o Particle flow reconstruction:
« global event reconstruction

» I[dentitfies muons, electrons, taus, photons, charged
hadron, neutral hadrons

e Combines the information from all detectors

22



Jet reconstruction (CMS) wu

Istituto Nazionale

Jets are reconstructed with the anti-kt algorithm, with radius
of 0.5 or 0.7

3 available algorithms for jet reconstruction
Calo-Jets: use only the calorimeter towers

Jet-Plus-Track Jets: improve the calorimeter jets using the
tracks in the jet cone

Particle-Flow jets: uses particle flow candidates as input
to the clustering algorithm

= Particle flow reconstruction:
= global event reconstruction
= |dentifies muons, electrons, taus, photons, charged

hadron, neutral hadrons
= Combines the information from all detectors

23



We use a multi-step procedure to correct the energy of our jets

CP =C-pints f € = Cosrset (PF™) - Cmc(PT, 1) - Crer(17) - Cans (PF)

IIIII

The method uses correction factors extracted from the full
simulation of CMS, CMC

Residual differences with respect to data are accounted for as
further scaling factors

=« C accounts for non-uniformity in eta. It is obtained

rel

applying on data and MC the di-jet balance method

= Cabs accounts for residual absolute scale differences between

data and MC. It is obtained applying on data and MC the
y+jet and Z +jet pT balancing
In this MC + residual method effects like the presence of
additional radiation spoiling dijet or y+jet and Z +jet
balancing enter only at second order

Jet energy scale (CMS) INFN
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Total systematic uncertainty on the energy scale for particle-
flow jets

CMS preliminary, L = 11 b \'s =8 TeV
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Plots show two example regions in n
Resolution is of the order of 10% around 50 GeV
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Jet rates

Normalized to the
inclusive cross
section

n/(n-1) jets

The comparison to the
predictions of multi-leg
matrix element + parton
shower (Madgraph)
shows good agreement

Pure parton shower
(pythia) fails to
predict multi-jet final
states

Given the pT threshold
the sensitivity to
underlying event is
negligible
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Interesting comparison between 7 TeV and 2.76 TeV
« Has power to constrain PDFs in the central region
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Useful for gluon constraint

Phys. Rev. D 89, 052004 (2014)

Isolated Photons
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Impact of LHC data

i Fisica Nucleare

J. Rojo
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everal measurements using different observables
o Inclusive jets, R32, 3-jet mass tt cross section
« Running probed up to the TeV scale

H1 multijets at low Q?
EPJ C67 1 (2010)

H1+ZEUS (NC, CC,Zjets
H1-prelim-11-034, ZEUS-prel-11-001 (2011)
ZEUS incl. jets in y p

Nucl. Phys. B864 1 (2012)

H1 multijets at high Q?

arXiv 1406.4709 (2014)

CDF incl. jets
Phys. Rev. Lett. 88 (2002)

DO incl. jets
PRD 80 111107 (2009)

DO an?. correl.
Phys, lett. B718 56 (2012)

Malaescu & Starovoitov (ATLAS incl. jets)
EPJ C72 2041 (2012)

ATLAS N,
ATLAS-CONF-2013-041 (2013)
CMSR,,

Eur. Phys. J. C 73:2604 (2013)

CMS tt cross section
Phys. Lett. B728 496 (2013)

CMS 3-Jet mass
CMS PAS SMP-12-027

CMS incl. jets
CMS PAS SMP-12-028

World Average
PRD 86 010001 (2012)

| I |
0.13

| I 1 1 1 1 I 1
0.14 0.15
og(M.)
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everal measurements using different observables
o Inclusive jets, R32, 3-jet mass tt cross section
« Running probed up to the TeV scale

)

O 0241 CMS Preliminary —
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http://cds.cern.ch/record/1632407?ln=en

i pt > 30 GeV, |n|<2.4

Photon + jets

« Good agreement with NLO QCD
« Also good agreement with Sherpa

o Including extended matrix element + parton shower approach to photons

Istituto Nazionale
di Fisica Nucleare
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rential in jet multiplicity and HT « ~30% discrepancy, not flat in pG.D&o/nLE caNuclears
o Interesting test for ME+PS « Better description of the 2j over 1 jet
ratio

« Studied ratios also, reduced
experimental (and theoretical)

systematics CMS-SMP-14-005
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« Central transverse thrust in Z+jets

Event shapes in Vj

« Built out of the Z and the jets with pT
>50 GeV, |n|<2.4

« Both inclusively, and in a boosted

topology where pt(Z2)>150 GeV

0.12

1/o do/dInT,

0.08
0.06
0.04

0.02

1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7

ratio to MAD GRAPH

CMS, Vs =7TeV,L=50fb
— T T -
- Z/Y*ﬁ 1T, p$ >0GeV,N s 1 —
F e Data A
E -~ MADGRAPH B
[ -- SHERPA ;
F --POWHEG (Z+1)) 3
[ == PYTHIA 6 (Z2) -
= E
= - ;;'i'.. e
- T =
C oo P -
£ o P -
“i.w?‘lw“".r‘ \ Ll \ \ L]
12 10 -8 6 4 -2

In<,
= L A B e T A
£ CMS, Vs=7TeV,L=50fb =
E 7///, MADGRAPH stat. uncertainty =
%;e,q,c.mw-er;-.:-::_-.;-.-mMJfa_..O'e. =
A ce
E () =
S | Ll | | L

12 10 -8 6 4 -2
In;

1/o do/dInT;

ratio to MAD GRAPH

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7

yes. Sit.B722 (201

J1
-0
CMS, \s=7"
[ T | T T T ‘ T T T ‘ T T T ‘ -
= Z/y — *l’,p$> 150 GeV, N = B
[ e Data n
" --- MADGRAPH e
E - sHERPA -, i *1 ]
— - -POWHEG (Z+1j) ;-*"-F*""i.#. i i3
Co PYTHIA 6 (Z2) e ¢ . kB
= ' IF""-..?.; ------ N
- 5 it | ]
a "2".'"i- r‘_i
- - r
i (b) :
S E
lamaal
R 1
E E
gl & 1
L1 L1 | T R
12 10 8 6 4 2
Int,

T T T T T
CMS, Vs =7TeV,L=50fb
7///, MADGRAPH stat. uncertainty

N\‘I\H‘I\H‘I\I\‘Hl

H“ @

505 st i

i

-12

IA
N

|n17.|.

)
INFN

) 2382 e
di Fisica Nucleare

T—0.36
Y |PLi it

1 — max

T
fir

Y.iPl,

The region dominated by
multijet topologies
shows agreement with

LO+PS (Madgraph)

NLO +PS is also good,
with a slight tendency to
overshoot

Instead, in pencil-like
topologies powheg
shows best agreement
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Sherpa2/Data

MadGraph/Data

0.5

Z+jets

everal measurements, differential, up to 7-8 jets with full Run1 stat!

INFN

« Comparison with LO ME+PS and multi leg NLO +PS
« Nice agreement with ME+PS for multiplicity
« Some discrepancies in jet pT spectra below 300-400 GeV
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emarkable agreement also at very high multiplicity
« Data/Theory rather flat
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) e

eading jet pT in Z+jets
» Differential in jet rapidity: some discrepancies begin to arise
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Theory/Data

Theory/Data

Z+jets

« Sherpa (NLO up to the second jet) shows a few single bin

discrepancies
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Madgraph+Pythia tends to predict harder spectra above ~100GeV
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AD between the Z and
the leading jet

Jet reconstruction: jet pT >
50 GeV, |n|<2.4

Good agreement with
LO+PS

Also very nice agreement
with NLO+PS

Z+jets
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« Ratios pt(Z)/HT or pt(Z)/pt(j) are important for searches and are challenging to

pZ/H,

« Fixed order fails in the hlgh
pt(Z)/HT region

e Possibl

analysis cut

due to more
jets with pT < than the

19.7fb™ (8TeV)

S 1.4 CMS Preliminary

=13
=
T 1.2

~ 1.1

1088
0 09N

0.8
0.7

Illllllllll

7 2
7z

064 PDF

q NS
., NSscaley \\&\\m

1.4
91.3
212
~ 1.1

/Data

S 1.0
0.9

0.8
0.7
0.6E

Sherpa

III|IIIIIIIII|I ,l'/i“ IIIIIIIIIIIlIIIIIIIII T

predict
 Large logarithms, missing higher orders
19.7fb™" (8TeV)
/'T_ E T T T T é T T 'I .I | T T T T T T T T | T T T T | T E
I - Preliminary .
N[ i
2
D10t e =
B F E
°© [ [ ]
- f P .
o Zly - 1Il, Njets 22, pT>40 B
= ® data @ i ;
I N —
, stat+syst
107 = =
£ BlackHat(z+2jet) ]
------ Sherpa k Cearreaes ]
10 NN =
=~ MadGraph Koo
i | | 1 | | | 1 1 | | | 1 | 1 | | 1 | 1 | 1 | 3\.\)\
0 0.5 1.5 2 2.5

—- Sherpa Stat Err

=5} + — ? T t T

1.4
13
Q12

214
-3
= 1.0
& 09
S 0.8
S 07
S 06

/Data

Illllllllllllllllllj{ HII IIIIIIIIIlIIIIIII

e m.\\m\_\\\x\ R 1

MadGraph Stat. Err. B\

\\\\u §»§‘_

o

0.5

CMS-SMP-14-005

1


http://cds.cern.ch/record/1740969?ln=en

CMS
Z+jets

over

v+jets

e Important for searches

o At large momenta effects due
to the Z mass can be
neglected and ratios should
flatten

e Measurement in 4 bins

e >1,2,3 jets and HT>300
GeV

« Comparison with ME+PS is
rather flat

e ~20% off

o It will be interesting to see
how NLO+PS does
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« Important for searches

« At large momenta effects due
to the Z mass can be
neglected and ratios should
flatten

e Measurement in 4 bins

e >1,2,3 jets and HT>300
GeV

« Comparison with ME+PS is
rather flat

e ~20% off

o |t will be interesting to see
how NLO+PS does
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« Important for searches

« At large momenta effects due
to the Z mass can be
neglected and ratios should
flatten

e Measurement in 4 bins

e >1,2,3 jets and HT>300
GeV

« Comparison with ME+PS is
rather flat

e ~20% off

o |t will be interesting to see
how NLO+PS does
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« Important for searches

« At large momenta effects due
to the Z mass can be
neglected and ratios should
flatten

e Measurement in 4 bins

e >1,2,3 jets and HT>300
GeV

« Comparison with ME+PS is
rather flat

e ~20% off

o |t will be interesting to see
how NLO+PS does
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CM>. CMS-PAS-SMP-13-005 / NQ
_) 17 - - -13-
lII'I" at 8 TeV Phys. Lett. B 740 (2015) 250 (L e
(

Signature

) |o=7.7+0.5(stat )*°%(syst) £0.4(theo ) +0.2 (lumi) pb

* Two lepton pairs peaking
at M,.

¢ I=e,nl'=e,p,T ‘
Selections
* Two same-flavor and opposite-
sign isolated leptons from each
Z.
* Lepton pair retained if
60<M,<120 GeV.

At least one lepton with p_.>20
GeV and one with p.>10 GeV.

.
é )
Backgrounds
* Mostly rejected by isolation and
identification criteria.
.* The remnants are Z/WZ+jets. )

Cross section in agreement
with MCFM NLO expectation.

CMS (s=8TeV,L=19.6fb"
[ L L R AL IR
I e Data |
17z E
I WZ/Z + jets -
-------------- f2=0.015
- =0 :

/S

800 1000 1200
my. (GeV)

Anomalous couplings effects
simulated with SHERPA and used
to set limits on ZZZ and ZZy

couplings. -



http://arxiv.org/abs/1406.0113
http://dx.doi.org/10.1016/j.physletb.2014.11.059

o E ™>20 GeV in opposite

flavor.
_* Extra lepton veto.

0=69.9+2.8(stat)+5.6(syst)*=3.1(lumi) pb

) Backgrounds h
e tt and tW
e VV
L* Z/W + jets )

ﬁL> Inclusive cross section slightly
higher than the SM NLO
expectation of 57.3*%° pb.

ATLAS result
0=71.4+1.2(stat)*5.0(syst)+2.2(lumi) pb

—_A

ol |

CMS CMS-PAS-SMP-12-024 )
—>212v at 8 TeV N
Phys. Lett. B 721 (2013) 190—211
CMS Ns=8TeV,L=35fb"
Signature 3 ool ooama ) |
e Two oppositely charged 2 v
electrons or muons with S 150] moee
p.>20 GeV plus MET, i + = o f
k T 100 i @ stat @ syst i
( o j B i
Selections F g .%4, :
 Jet veto and anti top-tagging sof 7 e -
to suppress top background. . *fiqu% b
miss i w L L et |
o E ™#>45 GeV in same flavor 0 —— e 00 gy
final state to suppress DY. pr* [GeV]


http://arxiv.org/abs/1301.4698
http://dx.doi.org/10.1016/j.physletb.2013.03.027

. EPJC 74 (2014) 2973 C "
o
Signature S M o BN e
e Very similar to VH analysis with § ETTIT B B Main
H-bb. 5 oo - backgroun
* Two b-tagged jets from Z decay. o - _dsarett
* V detected through leptonic 200F- -~ and V+jets
|_decav. : AN
Selections N -
* Analysis divided into three lepton | & £
categories. gt
e Z-lIl : isolated and oppositely :
charged leptons with 60<M, <120 %"!'?VT;V,ZL=;§_9fb-1 @
GeV. :::"c))n::ine'd pz 1.09 %
* W-lv : single isolated lepton +
E mss>45 GeV oioon
o Z-vv : E™#>100 GeV. tepton
\* p,>100 GeV in each channel.
MCFM NLO cross section = 22.3 = 1.1 pb “Tg‘”f'“ L N
In agreement also with WZ-3Iv channel ’ > " Bestii

0(WZ)=30.7+9.3(stat)+7.1(syst)*+4.1(theo)+1.0(lumi ) pb
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Alresutsat: - Praduction Cross Section Ratio: Gexp/ G

http://cern.ch/go/pNj7

theo

CMS /1 ) [CMS
)Joson cross sections results a N |
Apr 2014 CMS Preliminary
CMS measurements 7 TeV CMS measur&mer:l (exp+th) H—+—C—~+
vs. NLO theory 8 TeV CMS measurement (exp+th)  ——&——
YY, (NNLOth} | : 0 : | 1.04 £0.11+0.09 5.0fb"
Wy — — 116 +0.13+0.06 5.0fb"
Zy ——o0-—+— 0.98 £0.05+0.05 5.0fb"
WW+WZ - N 1.05+0.20+0.03 49fb"
WW — 0 — 1.11+0.11+0.04 491b"
@ e+ 122+0.12+0.04 35fb"
WZ ———O0——+ 117 £0.10+0.03 49fb"
@ (P 112 +0.08 +0.05 19.6 b
zZ — 3 — 099+0.15+0.06 4.9fb’
@ — e 1.00+0.10+0.08 19.6 b’
! ! ! ! | ! ! I ! ! ! !
0.5 1 1.5 2

53




CS, ) [CMS,

5Cs results {NEN ’

Compact Muon Solenoid

Charged aTGCs described using f In SM all neutral TGCs are \

the LEP parameterization. zero at tree level.
Limits are set on ZZ7Z and ZZy
couplings using anomalous
X \% \%
WWZ vertex parameters \ parameters f,¥ and f.V. Y,
Oct 2014 No 2
T T | I T aTaS Limis! 7 T LI N L e L™ P s S R B B B
/ iretne SR
Ak i Ww -0.043 - 0.043 4.6 fb’
v4 — WV -0.090 - 0.105 4.6 fb! § — zz -0.015-0.015 4.6 b
. LEP Comtination 0,074 0.081 60 ‘ - 2 0.004-0.004 196"
e -0. -0. X B
. - W 0062 . 0089 46 b — ZZ(212v)  -0.004-0.003 5.1, 1_?.6ﬂ)
z — wWw -0.048 - 0.048 4.9 5" fZ — zz -0.013-0.013 46
— Wz -0.046 - 0.047 4.6 fb" 4 — 2z -0.004 - 0.004 19.6 fb™
— wx -g-ggg - g-ggg g-g;g: — ZZ(22v)  -0.003-0.003 5.1, 19.6 fo"
o DO Combination  -0.036 - 0.044 8.6 " f! z 0.016-0.015 4.6 f0”
e LEP Combination -0.059 - 0.017 0.7 fb" 5 — 2z -0.005 - 0.005 19.6 b
Agz — WW -0.039 - 0.052 4.6fb': — ZZ(212v) -0.004 - 0.004 5.1, 19.6 fo™'
1 — ww ©0.095-0.095 4.9 fo 2 — 7z -0.013-0.013 4.6 fo’
— Wz -0.057 - 0.093 4.6 fb f |
— Wy 0085 - 0.071 4.6 5" ] — z -0.005-0.005 19.6 fo
ot DO Combination ~ -0.034 - 0.084 8.6 b H 27 (212v) -0.004 - 0.003 5.1, 19.6 fb”
‘ - LEP Combination -0.054 - 0.021 0.7 fb” - 0'5' —— {') — '0'5' —— '1 —— '1'5' ' ‘10_'1
05 0 0.5 1 15 e ‘ - o X
aTGC Limits @95% C.L. aTGC Limits @95% C.L.

No evidence of anomalous triple gauge couplings is observed
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CNIS, . ) |[CMS
‘tor Boson Scattering (VBS) (NEN

a(VV — VV), no Higgs

(o Important process to probe the |
EWSB mechanism. i

* The role of the Higgs boson in 05
EWSB is essential to preserve the

Model w/o a Higgs boson

WHW- = 27
S — W :

\

unitarity of VBS cross section. 02- e W
o . | ‘ . I A
 Same sign VBS provides the best ! 000y 000
| S/B. )
' ‘l o(VV — VV) with my, = 120 GeV
q ¢ q ¢ q TN . .
Wt \6 Wt W : \\MOde]. W].th a nggS
[y
o 0.1 : bOSQn
I H ’ ‘ \\'\\\\;i ;\ S N
W /'/,f\’diz\' W W | e
q (1/ q (1/ q 41/ 0.01 - — WTWT - WTW~™
WW- — 727
Wtz - w+Zz
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O (W W™ jj)=4.075¢ (stat ) o (syst ) fb

MadGraph+VBFNLO correction: 5.8 %
1.2 fb

CMS . e s ) |CMS
‘ S in W=W=jj  cus-pas-smp-13-015 (NEN |
g Signature & selections P L Ch Y
* Similar to H>WW analysis in VBF S Dkt
channel. g ol E(N):)r:leprr(?rigpi )
* Two leptons with same charge. . w2 :
 Two forward jets with M,>500 GeV NN _
and  |An,|>2.5. 5 %\\\ )
« M, >50 GeV to reduce W+jets and top LL ﬁ
b ackgrounds . | S
« B > 40 GeV. 200 1000 1500 . 2000
* Z/top veto.Backgrounds m; (GeV)
* Nonprompt leptons (75%).
e WZ-3Iv (15%) ( Results )
* Wrong-sign, DPS and VVV (10%). * Results in agreement with

SM with an observed
(expected) significance of
the W=W%jj process of 2.00

¢ (3.10). y

56



http://arxiv.org/abs/1410.6315

CMS

S in WW:jj

) |CMS
INFN |
C

Limits on alternative models
* An excess of events could be also interpreted in terms of aQGCs
or models with doubly-charged Higgs boson.

-
o

Events / bin

cMS 19.4fb” (8 TeV)
@ Data
= —— SMF,/A*=0.0 Tev*
I aQGCF_ / A% =.50Tev?
——aQGCF_ /A*=+5.0Tev*
- @

100

200 300 400 500
m, (GeV)

M, distribution most sensitive to

aQGCs,

No evidence of aQGCs is observed

19.4 fb" (8 TeV)

YlIIIYllllTI
[ VBF H™ —» W*W*

IIII‘IIII‘IIIIITIII

= Observed
------- Median expected
Expected+ 1o
Expected + 20
EIE T vev = 35 GeV
== vev =25 GeV
— — vev=16 GeV

m,- (GeV)

Upper limit on doubly-
charged Higgs cross section
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CMS

S in WW:jj

CMS

CWWW y
Owww = A2 Tr[W,,, W' pr],
c ,.
Oy = A—V;(D”cb)*wm,(D"cb),

(-/)B — P(DF!(I)) BF“.’(DL(I)).
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