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Outline

- The talk will be focus on latest results from CMS

- Diboson production:
- yy production at 7 TeV, SMP-13-001
- ZZ—4l at 8 TeV, SMP-13-005
- ZZ—212v at 7 and 8 TeV, SMP-12-016
- WZ—-3lv at 7 and 8 TeV, SMP-12-006
- VZ—2I2b at 8 TeV, SMP-13-011
- VWy—lvjjy at 8 TeV, SMP-13-009

- Search for anomalous couplings

- Selected electroweak results
« VBF Z production at 8TeV, FSQ-12-035
- Muon charge asymmetry at 7 TeV, arXiv:1312.6283
- V+jets cross section at 7 TeV
- PDF constraints

https://[twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
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Diboson production

* Feynman diagram: V,, V,, V=2, W,y = yy, WZ, Z2Z

q W[/Z q |2 q 14 g J/V'r’f
77 GC vertex
g \\‘V\,\
9 t-channel ¢ ¢! s-channel " q u-channel v

Cross section available at NLO QCD for WZ and ZZ, and NNLO for yy
- Gluon-gluon enters at NLO (~5% correction)

Fundamental test of Standard Model
- Test of gauge structure of the Standard Model

Irreducible background for Higgs boson measurements and BSM
searches

- Precise knowledge of cross sections and kinematical distributions are important
Probe for new physics

- Search for Anomalous Triple Gauge Couplings (TGC) and Quartic Gauge
Coupling (QGC): indirect search for tree or loop effect of massive new particles
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Diphoton cross-section

SMP-13-001, 5.0fb-1 at 7 TeV

Differential cross-section measured as a function of M,,, Pr,.,
cos(6%) |
Kinematical range: |n, [<2.5, E; >40, E; ,>25 GeV, AR ,,>0.45
Main background is from jets mis-id as a y (fake)

- Data-driven approach to extract the prompt diphoton yield based on
particle-flow photon isolation template: ~10% systematic uncertainties
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Diphoton cross-section

SMP-13-001
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ZZ—A4| cross section _

- SMP-13-005, 19.6fb-1 at 8 TeV

- Inclusive and differential cross section
measurement in the channel to 4! (including

one Z to taus)

- Main backgrounds (significant only in lItT): Z

+jets (jet faking a lepton), WZ, top

CMS Preliminary
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2Z—2| 2v

- SMP-12-016, 4.9fb-1 at 7 TeV and 19.6fb-1 at
8 TeV

- Inclusive cross section measurement in the
channel to 2| 2v

- Main backgrounds estimated from control
samples in data: DY, top, WW

- Cross-section measured using a reduced MET
variable

7 TeV
Data 0=5.0 , ,*1-°(stat)_, ,*'3 (syst) * 0.2 (lumi) pb

MCFM NLO 0=6.5% 0.3 pb

8 TeV
Data 0=6.8  ;*0-8 (stat) _, ,*1® (syst) * 0.3 (lumi) pb

MCFM NLO o=7.7 £ 0.6 pb

» Main systematic from data-driven templates

Data/MC

Entries

obs/pred

/9
CMS Preliminary 2012, [L=19.6 o', ys=8TeV
L o e e e e e e e S

Non resonant
bkg (data)

D Instr. bkg
(data)

1 ..‘ § ........
e g 21 ”
O-gt' ot gl — o
0 200 400 )
Reduced E T*°
CMS Preliminary 2012, [L=19.6 o', Ys=8TeV
300 — T T T T T T T T T T
n [ Jzz 20y .
2501— - WZ - 3lv ]
F 4 2o 20 ]
200__ l:l top, WW, W+ijets (data) —_|
150 —
100 -
50 N -
0 C 1 1 "
2 T
1 ,,. .................. . ..............................
0 P H : : F
50 100 200 300 400 1000

Reduced MET [GeV]



A. Calderon, La Thuile 14

WZ—3lv cross section

- SMP-12-006, 4.9fb-1 at 7 TeV and 19.6fb-1 at 8 TeV

- Inclusive cross section in 3 leptons + MET, measured with 4 final
states: eee, ee, ey, yuu

- Main backgrounds Z+jet /top estimated from data (inverting lepton
isolation), ZZ (from MC)
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WZ—3lv cross section

- Systematic limited: ~6% (mainly from Z+jet/top background estimate and MET )

- Cross-sections consistently compatible within ~1c with the SM
(MCFM@NLO) predictions

- W*Z/W-Z ratios are compatible with NLO predictions. Help to constrains u/d PDF
ratio

7 TeV: Data 0= 20.76 * 1.32 (stat.) £ 1.13 (syst.) £ 0.46 (lumi.) pb

8 TeV: Data o= 24.61 % 0.76 (stat.) * 1.13 (syst.) £ 1.08 (lumi.) pb Tty N; (A-e)
ow-z Ng (Aot

CMS Preliminary {s=7TeV,L=4.9fb" CMS Preliminary Vs=8TeV, Ls196fb'
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- SMP-13-011, 18.9fb-1 at 8 TeV £100-

- Inclusive cross section measurement of VZ(bb) E 80
(V=W,Z) in final state: 2I12b, Ivbb, vvbb (I=e,u)

- Main backgrounds: Zbb, Wbb, ttbar

- Multivariate analysis:

- Use lepton and jet kinematics, b-tagging and MET 20

information, m(jj)

- Use 3 “staggered” BDT, trained against ttbar, W/Z+jets,

and all background
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Anomalous Triple Gauge Couplings (aTGC)

- No neutral TGCs at tree level in SM

- New Physics shows up through virtual effects: modification to TGCs

wrt to SM

- Increase of cross section at high invariant mass and high transverse

momentum!
- Results based on effective lagrangian approach

- The expected number of signal events can be written as a function of the SM

cross section plus some aTGC parameters

- Additional constraints can be imposed to reduce the number of parameters, i.e.

charged couplings use “LEP parametrization”

CMS Simulation 2011, ys =7 TeV
2 L > No form factors used
o . —f%=0.0001 ]
o It — £2=0.006 .
S0 | - f§=o_o3 i coupling parameters channel
2 F N £3=0.06 ] -
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1 WW7zZ )z, Anz,Aglz WW, WZ
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Ve VA &, 2 7
o 227 fabs fop L7 )

el b b e b by L PR
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Z 9 4I aTG C sea rc h e§ CMS Preliminary \s =8 TeV,L=19.6 fb"

>
- SMP-13-005, 19.6fb-1 at 8 TeV S | o ]
- Search for anomalous vertices ZZy ¢ ¢ S onte
and ZZZ E e 20
- Search performed for looking excess S, || |
in data at high ZZ invariant mass : :
- Results improved 7 TeV results by l f _______________
a factor ~2.5 o b e B .
500 1000 1500
CMS Preliminary Vs =8 TeV,L=19.6 fb™" CMS Preliminary Vs =8 TeV,L=19.6 fb™" My (GEV)
= 001 ':;j“u . “ootf oo
= 11095%“ —f - Im;s%u 7]
0 ‘ E 0 ‘ :
: 1 Exclusion | 1 Exclusion
; 1 limits j 1 limits
-0.01 T T T T, oan5 Q0 oan4
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Z2Z—212v aTGC searches

SMP-12-016, 4.9fb-1 at 7 TeV and 19.6fb-1 at 8 TeV
Search for anomalous vertices ZZy and ZZZ

Search performed for looking excess in data using Z p;
Results with ZZ(2I12v) are ~25% better than ZZ(4l) results

CMS Prellmlna 2012 L=19. 6 b 8 TeV
> E [Hzom . IIII z52 (dat:{_) e |N°"|2°1I3 o T T T T atasumis! T T
O C ] CMS Prel. Limits —
O 102 [ top, WW, W+jets (data) [l WZ — 3iv -
~ E —— ZZ-22vf=0002 —— ZZ - 2I2v f2=0.005 3
S F - zz-2F=001 7z > 2v =002 ] f! P zz -0.015-0.015 4.6 b
% 0F e, o cato = 4 — 77 -0.004 - 0.004 19.6 fb™!
w e Tt 3 — ZZ (212v) -0.004 - 0.003 5.1, 19.6 fb™’
TE E 2 — zz -0.013-0.013 4.6 fb
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10" E = i ZZ (212v) -0.003 - 0.003 5.1, 19.6 fb"’
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107 fZ — zZZ -0.013-0.013 4.6 b’
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3 2 u — zz (2I2v) -0.004 - 0. 003 5 1 19 6 fb’
a 1_.Q‘ ......... . ......... § ...... ..... | | 1 | 1 1 ! 1
D ol -0.5 0 o5 1 5 xi0
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Triboson and quartic gauge coupling

- No neutral QGCs in the SM
- Quartic couplings are accessible via triboson and vector boson

scattering

- aQGC parametrized with effective field theory approach:
associated to dimension 6 a,V,ac"V,k,"W kW, fr 4 or dimension 8 fy,

effective operators

> First measurement of aQGC at LHC done with CMS:
pp—pCyy pO—p) WW p(at 7 TeV analysis

CMS Preliminary 2011, Vs=7 TeV, L=5.05 fb”'

>30_IIII|IIII|IIII|IIIIIIIIIIIIII (\l'|_'0002_' T [T
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< - it — Wijets ] >~
o 20 - - ga-?
> = =7y = WW (SM)
L . :_ ..... 7y — W'W (a0W=2E-4, aCW=0, A=500GeV) _: ol ]
o Y = W'W (a0W=-2E-4, aCW=-8E-4, A=500Ge\)
10F > N
- 2 events g)bs%lz)\olfad
- . -U. r e Standard Model —
5 - T———— 2 . 2 ex pe Qte d  —— CMS 95% confidence region
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: 5-------------3. : CMS 1-D limit, 95% confidence region
0 rm s e T I t . 0 002'] e T
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CMS, (s=7TeV, L =5.05 fb"
LA L L B B B

al/A® [GeV?]

4 W+
:l aQGC
4 W-

JHEP 1307 (2013) 116

Sensitivity exceeds LEP
experiments !
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WVy with semi-leptonic decay

- SMP-13-009, 19.3fb-1 at 8 TeV

- Search triboson WWy and WZy production in the final
state: lv+jj+y

- Main backgrounds from Wy+jets (normalized in data M;
sideband), fake photons (invert photon isolation)

- Measured inclusive cross section at 8 TeV is < 3.4 x
SM@NLO at 95% CL: will have the sensitivity at 14 TeV. ;

CMIS preliminary J.L dt=192f"  (s=8TeV
. . - > 4I|IIII|IIII|IIII|IIII|IIII|III:lIIIIIIIII
10
» Set limit on aQGC using photon pT o —#— Electron Data jets > b9 3
O R MC Uncertaint [T multijet 3
Ql neees y Zy+Jets i
<  10° SM +a¥ / A? =50 TeV?
10 CMS preliminary Simulated [ L dt = 19.3 fb” Vs =8 TeV B ° - :zp ot _§I E Iectron
3 OE —— SM WVy MC E — h |
o £ — a%¥/A? = 20 TeV?2 © 10 3§ cnanne
ST — /A% = 31 Tev? i e
§ KkWIAZ = 11 TeV? 10
T —— kW¥IA? =17 TeV?
= — f /A =27 TeV*
E K 15 D X X X
I M o D e e
el _ﬁig 107
Ed —
— : 10»2
102 = sk -1
E 8 2F =
c I s f i
i | ! | | ! | | g Pt 1 TI T
0 100 200 300 400 500 600 700 © E . . . .
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Photon P, (GeV)
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WVy with semi-leptonic decay

- Set limits aQGC modeled with Effective Field Theory

- WWyy and WWZy vertices are tested
- Limits on a,", ac" are 4x better with yy—=WW than with V\Wy
- First ever limits on f;, and kyW,k.W

LEP L3 limits — CMS WWy limits —
July 2013 Ry
uly DO limits — CMS yy > WW limits ~ =1=1s
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L \s
WwWy [- 15000, 15000] 0.43fb™ 0.20 TeV
yy—> WW [-430,430] 9.70fb” 1.96 TeV
2 2 Wwy [-21,20] 19.30fb" 8.0 TeV > LI m ItS Set W/O
ay//A" TeV f f
________ vy — WW [- 4, 4] 5.05(b" 7.0 TeV orm- aCtO rs
Wwy [- 48000, 26000] 0.43fb™" 0.20 TeV
vy —> WW [-1500,1500] 9.70fb™ 1.96 TeV
Wwy [-34,32] 19.30fb7 8.0 TeV
a¥/A* Tev?
A - Yy WW  [-15,15] 5.05tb" 7.0 TeV
-1
fro/ A Tev? WWwy [-25,24] 19.30fb™ 8.0 TeV

-10°-10*-10°10%-10 -1 1 10 102 10° 10* 10°
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Selected EWK results

- EWK physics plays a significant role in understanding the EWSB
- W and Z decays are special final states:

- They are used to understand and calibrate the detector response (trigger,
identification, resolution, efficiencies)

- They are dominant signal and/or background in many searches for new particles
- Provide powerful constraints for nonperturbative part (PDFs, tunes)
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EWK Z production

- FSQ-12-035, 19.7 fb-1 at 8 TeV

- Electroweak production cross section of a Z-boson
with two foward/backward jets in the di-lepton Z
decay channels (u,e)

- Dominant background from standard DY production

- Small S/B enhanced with BDT selection exploiting all
Z+2jet kKinematics

- Probe Triple gauge coupling: WWZ

CMS preliminary, Vs=8 TeV, [L=19.7 fb" uu events
C [l EWK Zjj f]oco Zjj BTop [[Jvw edata -

5 sigma signal for electroweak Z+jet
production observed, fully consistent

with SM

o(up+ee) = 226 * 26 (stat.) £ 35 (syst.) £
27 (th.) £ 3 (lum.)fb

30 100 200 1000 2000
Dijet invariant mass [GeV]

VBFNLO = 239 fb
» Main systematic from theory and JER

(Data-BG)/\BG
LIRS RAAA 'l'l'll'l

e
10730 40 100 200 300 1000 2000
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Muon charge asymmetry

- arXiv:1312.6283 , 4.7fb-1 at 7 TeV do (W _y pty) — 49wy o)
- Measurement of W muon charge A(n) = i dy
’7) do ) do — =
asymmetry vs |n|: o W = ) + (W= = £77)
- performed by fitting MET
templates in bins of muon n CMS preliminary \s=7TeV, 4.7 fb"

- Backgrounds: estimated from MC

E‘ I I 1 I I 1 I I 1 | 1 1 I 1 l 1 1 1 1 l 1 I 1
after data/MC correction © 03 ]
o = p.>25 GeV
- Measured to ~1%. Many uncertainties g | :
cancel in ratio. § I Dat
'y . . —e— Data SRS
- Sensitive to parton density functions ¢ 025 %
1 . . . (@)] N .
in the proton: constrains u/d PDF ratio § | K |
- B ]
5 | - |
> The experimental uncertainties are 0.2~ ]
smaller than the current PDF - -
o - s NLO FEWZ 68% CL .
uncertainties CT10nlo 1
> It can be used to significantly K P
improve the determination of PDFs S50 SyMsTW2008nlo
. . B {771 MSTW2008CPdeutnlo |
in future fits. AT R B N N
0 05 1 1.5 2

Muon m|



A. Calderon, La Thuille 14

V+jets cross sections

- W+bb cross section, arXiv:1312.6608, 5.0 fb-1 at 7 TeV

- Z+b jets cross section, arXiv:1402.1521, 5.0 fb-1 at 7 TeV

- W+c cross section, arXiv:1310.1138, 5.0 fb-1 at 7 TeV
- Leading order W+c directly probes strange quark PDF
- Measurement of inclusive and differential cross section in the W->Iv

channel

- c-jet identified by D-Meson/semi- leptonic decays

W+

O |
A

» Main systematic
from JES and ¢
branching fractions

o
o
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0 O 5 1 1.5 2
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T
Total uncertainty

Statistical uncertainty

Predictions:
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I
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CMS 2011
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PDF constraints

- CMS have carried out a NLO QCD analysis to explore PDF constraints

- Use HERA inclusive deep inelastic scattering (DIS), CMS W asymmetry & CMS
W+c data

- The muon charge asymmetry in W-boson production imposes strong constraints on
the valence-quark distributions

- the W+charm process is directly sensitive to the strange-quark distribution

» Valence quark distributions > Strange sea
CMS NLO 13 parameter fit . CMS NLO 13 parameter fit
>
S Q*=m2 o3l Q*=mg 5(x,Q), HERA I DIS + CMS 7 TeV Ay + (W +¢)
x 06 — BN HERAIDIS + CMS A, X | [ HERAIDIS +CMS A, 2 — ,
~~ HERAIDIS |~ HERAIDIS 18 1 Q*=10GeV”
i Ny < R CT10 NLO AT
0.4 0.2 16+ i
L r BN CMS NLO free-s fit n
S 14t
I z
I o
0.2 0.1 = 1.2
L S @) |l
2 1 -‘_“_, ....................
- I e
R g 08
o) o
=12 =15 06 |
oc 1.1 o
1 A_ 1 04 +
09 / A 02 210 10 001 002 005 01 02 05
08k — (HERAIDIS + CMS A,) / (HERA | DIS) 0.5 BA1DIS + CMS A, / (HERA I DIS) R R X
: | Ll ol Lo canl Lol L

S e _ _ ‘ e . ]
10" 10° 1072 10" 10 10 10 10
X X

Notice that xd, (x) is reduced.
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Impressive amount of EWK :
results from the LHC
- Precise test of the
Standard Model at TeV
scale
- Agreement with theory
across orders of
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Feb 2014

CMS Preliminary

L

§ 7 TeV CMS measurement (L <5.0 o)
§ 8 TeV CMS measurement (L < 19.6 fb™)
— 7 TeV Theory prediction

— 8 TeV Theory prediction

<+ CMS 95%CL limit

| AIAIAIAI|:|:|I' I AI‘ lIIIII] “I AIAI.IAI|A,|:|I Il lllull[ “I“I lIlllIl 11 lIlLuI L1l

i

wlzlwlzlwlw! z ﬁww

S,

P U I P I R o) -3 o e
Th. Ag, in exp. AG

- The LHC is now the leading laboratory for exploring the gauge boson

self-interactions.

- Limits set on anomalous triple/quartic gauge couplings.
- No evidence for new physics yet

- Still analysis to be updated with the full 8TeV data
- More results with improved precision expected soon, stay tuned!
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Backup material
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Gauge Self-Couplings in the EWK sector

- SU(2)xU(1) symmetry leads to several gauge bosons self-
interactions in the electroweak sector of the SM, following
fromthe Gauge coupling interaction term in the EWK
lagrangian:

1 : : . 1 :
£GC = 592(8#”/; — 6,,1/V&)eijkW~“‘W’“’ — Zggeijkgimn‘d/zLV)f’{/V'"WIzV"V

: . F 2
Triple Gauge e e

. . Skl AT
Couplings JH% N
Y A \\

Quartic Gauge _ . ) ) g
Couplings 5 glcos?Bw 0 e .i.egcosew o 8

@ Vuko Brigljevié. CERN seminar
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Cross section measurements

. Dominant contributions
Cut & Count in most cases always data-driven

K &

QN sel Mackground

oI et

p Determined from MC wrt to target measurement
phase space (inclusive or reduced)

p Correction factor applied to account for data/MC
efficiency differences

@ Vuko Brigljevié. CERN seminar
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alGC parameterizations

P Charged couplings:WWYV (V=2Y)
v

L/gwwy = ig] (W, WHVY — WM\,W"“‘V")—+—iKVW5WVV“"—1—M W VP

W

O 5 parameters: Agi%(=gi1%-1),AKz(=Kz- 1), AKy(=Ky-1, Az, \y

O Additional constraints may be imposed: used in CMS measurements

LEP scenario  |asz=a¢f - Ak, tan’6, and Az =X, =) | 3 free parameters J

Ax.=Ag(C0S? 6, - SIN“8, ),
2 free parameters

HISZ scenario Ak, = 2Ag+Z c0s20, and hz= A,
Agf =Ag] =0
Akz =Aky and Az = A, = A

2 free parameters

Equal coupling
scenario
P Neutral couplings:ZZV (V=2Y)

[f4 I V') Zo(9°Z5) + Y (9% Ve ) 2P 2]

O 4 parameters: f47, f4Y,fs fsY

@ Vuko Brigljevié. CERN seminar



A. Calderon, La Thuile 14

aQGC parameterizations

- Effective lagrangians parameterize low energy effects of
BSM physics:

L= LSM+EE ; 0

- Different realizations for quartic interactions:

- Nonlinear realization of SU(2), xU(1):
- lowest order genuine quartic interaction: dimension 6

- Linear realization:
- lowest order genuine quartic interaction: dimension 8
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Other aTGC summary

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

Feb 2013
LB B e WWZ, ZZ]/ T 'é’fLA$Liﬁ1its| b

A+LAé LirlnitsI b |—|| l
CMS Limits —
CDF Limit —
W — Zy -0.015-0.016 4.6 fo™
3 — Zy -0.003 - 0.003 5.0 fb™
—_— Zy -0.022 - 0.020 5.1 b’
HZ — Zy -0.013-0.014 4.6fb"
3 — Zy -0.003 - 0.003 5.0 fb’!
—_ Zy -0.020 - 0.021 5.1 fb!
¥ — Zy -0.009 - 0.009 4.6 fb!
h,x100 P
4 H Zy -0.001 - 0.001 5.0 fb
z -0.009 - 0.009 4.6 fb!
7 Y
hyx100 H zy -0.001 - 0.001 5.0 fb”!
1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-0.5 0 0.5 1 15  x10°
aTGC Limits @95% C.L.

'_I' T

MS Limits —

DO Limit o

LEP Limit e

Ak — wWw -0.043 - 0.043 4.6 fb™

V4 — wv -0.043-0.033 5.0 fb™

e LEP Combination -0.074 - 0.051 0.7 fb™

A — wWw -0.062-0.059 4.6 b’

Z — WW -0.048 - 0.048 4.9 fb™

— wz -0.046 - 0.047 4.6 fb™

— wv -0.038-0.030 5.0 b’

FeA DO Combination  -0.036 - 0.044 8.6 fb™

. LEP Combination -0.059 - 0.017 0.7 fb”

Agz — WW -0.039-0.052 4.6 b

] . WW -0.095 - 0.095 4.9 fb™!

— wz -0.057 - 0.093 4.6 fb"!

Fo DO Combination  -0.034 - 0.084 8.6 fb™

| o lLEP Combinatilon -0.054 - 0.921 0.7 fb”'
-0.5 0 0.5 1 15

aTGC Limits @95% C.L.

Feb 2013
Sene
LEP Limit =
A K, } | Wy -0.410 - 0.460 4.6 fbj
Wy -0.380 - 0.290 5.0 fb
S ww -0.210- 0.220 4.9 fb™
— wv -0.110-0.140 5.0 fb™!
o DO Combination  -0.158 - 0.255 8.6 fb™
e LEP Combination -0.099 - 0.066 0.7 fb™'
A — Wy -0.065 - 0.061 4.6 fb™
Y — Wy -0.050 - 0.037 5.0 fb™
—i ww -0.048 - 0.048 4.9 fb™!
— wv -0.038 - 0.030 5.0 b
A DO Combination  -0.036 - 0.044 8.6 fb™
: e LEP Combinatilon -0.059 - 0.017 0.7 fb™"

L1 -
0.5 1 1.5
aTGC Limits @95% C.L.

- TGCs consistent with the SM
- 8 TeV data not included yet on

these results
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Muon charge asymmetry

CMIS.p.re.".m,iqa.rV. .

\s=7 TeV, 4.7 b

S ! S L
S P Mu-before S Mu+ before SMP-12-021
E o1.2E = E 91.2F < c t dual
S [ otcosccceenginod = lesssssssssosss—ce] ° oorrecting residua
TR T Y R T dataMC gifference
90.8:—_Rf — 90.8:— . OftraCker
o Simuation ] : {  misalignment and
sao.e_-_l._Datal | | % 90.6 ] magnetic field map
2 -1 0 1 2|_ -|2-|1(|)%é
nofu nof u*
e e ST AR RRRRREIRE - Dimuon mass
g 914l Mu- 1 & oef Mu+ 1  scale corrected
Aok after R after ] as a function of
E S w1 2 o muon charge, n, ®
Voo 1 VvV or ]
0.8 Reference B 90'8:_ i
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Muon charge asymmetry

1
1 I
1 1
W
" I { dr SMP-12-021
A
\I ’ - Missing transverse
M = energy (MET)
: : corrected using
u Sy YLy, hadronic recoil in
Z—uu events
P B B e “xe. 1 - Z/Drell-Yan “MET”
%35000; ..: .°’... M DY oait “>-'200002_ M DY oatt _f and “M ET q)”
e o ] precisely recovered

onf- : ? after data/MC

10000 — —

o ! : : corrections of recoil

10000 5000 |— -

ool : : model
SO o SO R R e

o o o =

= 14f s 1af

= ” = "

P 1.2 3 P 1.2

= PRI T =

a Sl 0L OMUMMAALE LR E a 1
0. 0.
] 0.6F \ A N ) \ =
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W+bb cross section

% 220; | I. Data _;
O 200f == Mo -
w F e W+c
- arXiv:1312.6608, 5.0 fb-1 at 7 TeV - 123: 4 El’:u -
- Exclusive W + 2 central b-jets cross section measured % ok [ E‘c{cfo E
- Complementary phase space wrt W+b o 120f 77 MG Uncrtainty
- Analysis double tags events to remove W+c and 100t
constrains top contribution from high jet multiplicity o2z
region i
. . 40
- Major background to H—bb analysis 20F |
- Measurement is in agreement with the MCFM O et et
prediction within uncertainties Pr(J, +J,) [GeV]
S pppp ey e
a—— AN W & 2002—1 La=st Cawes
& 180F E& E
° @ 160- Oe -
T P‘WW< _ & 1400 =5n/c_fo E
b > - Bl Z+jets/VV 1
w 120 :— . MC Uncertainty;
100;
o(W+bb)
Data (CMS) 0.53 + 0.05 (stat) £ 0.1 (sys) pb
MCFM (MSTWO8NNLO) 0.52 + 0.03 pb oF '
50 100 150 200 250

M(J+J,) [GeV]
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Z+ b jets cross sections

- arXiv:1402.1521, 5.0 fb-1 at 7 TeV
- Measurement of the production cross sections for a Z boson and one or more b

jets

- b-tagged Jets with p:>25 GeV, |n|<2.4 in Z events

- Most important kinematical observables compared to ME+PS generator
(MadGraph), in both the 4F and 5F schemes

> [ N N N N B I B B B | [T T T T[T T T o1 1]

& 180F cms .
o Ns=7TeV,L=5.0fb" ]
AN 160 -
P C —¢— Data .
*g 140 1] I z+b E
TREL [ z+c 3
i B z+ .
100 :_ - zZ _:
80F E =
L ~~~ JES + b-tag + stat. -
60 ]

40

20
OO 50 100 150 200 250 300
p2” (GeV)
O E s E
s 2 jge
X ] 2 F I i el = e el —
g 30 ’ odactblb BE S

50

700 150 200 250 300
P (GeV)

-

Cross section Uu

ee

0z (D) 3.52£0.03 £ 0.22
0z.m (pb)  0.38£0.02 +0.07
2.1 (pb) 3.91 +0.04 +0.23

3.51 £0.04 = 0.23
0.32 = 0.02 = 0.06
3.84 +0.04+0.24

O0Z+b/Z+ (o/o) 523 +0.04+024

5.08 +0.05 =0.24

» Z + bb cross section 10% higher than tree-
level prediction by Madgraph 5F rescaled by k

=1.23

» Some tensions in the description of the event

dynamics



