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Introduction

* Precise knowledge of W+jets and Z+jets is crucial
as important backgrounds to BSM searches

* Both processes have large cross-sections,
controllable background which enables precision

measurement
— Can confront predictions from theory in high end tails

* High statistics allows access to phase spaces not
tested before
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Overview:

W + Jets
L+ Jets
Y + Jets
Z/y Ratio
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W+jets, Vs=7 TeV

* W->uv decays
* Muon p;>25GeV, |n|<2.1

* Jets are anti-k;, AR=0.5, p:>30GeV, |n|<2.4,
AR(Jet,u)>0.5



Jet multiplicity at 7 TeV
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| Z+jets, Vs=7 TeV and 8 TeV

e /-l decays
* Leptons p;>20GeV, |n|<2.4
¢ 71<M,<111GeV

* Jets are anti-k;, AR=0.5, p;>30GeV, |n|<2.4,
AR(Jet,1)>0.5
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Compact Muon Solenoid
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4t and 5 leading jet p; at 8 TeV
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CMS, !
Z{DTZ Cross Section Ratios at 8 TeV

ﬁmw(’j;nhsljnpubﬁshed B - &
§§ T g6l ?’f’;
51 F 3
SN |3
s P o E .
0.3 :_ stat+syst _: §
g """"" BlackHat(z+2/3jet) g E-
0.2 NJets Z 3/NJets Z 2| Sherpa _Z ?
- | | | | | —:VladGrapP .
—1 00 200 320 400 500 600 I;%O[Ge \?i)o
* NJets_B/NJets_2 g
o ]
* BlackHat is more accurate Z
than before o
[} ] 2
* Sherpal.4 underestimates in
the low end as before
(]

19.7fb" (8TeV)

MadGraph performs well

Takasugi (UCLA)

_ a a
N

-
o

oo oo
o N 0o ©

-
[

= 3 a
N WA

1.0
0.9
0.8
0.7
0.6
0.5

-1
19.7fb™ (8TeV)
——— , —————
CMS Unpublished
PSS
! RN
2N AN iGN
. Tl S AR R R R RS
AN AN NARARA N 3R ' NN \\:\\\\\ \\ \\\Q\ S
et R AN S AN N AR
B A NN
:\K\.';.:_A . B0 N NN NN NN
\\\\\ E
u =
g N E
) Pdf Scale 3
PR TN N TN N T TN NN TN T TN TN N TN T TN A TN SN T W | | =
T T T T T T T —
- _E
H— 3
N =
—_ Y
S T T T T
R
= A A
e s ——t [ \bh\k\\& §§§§ \ﬁ\\\\\\\\\\ QAN
NN =
Sherpa Stat. Err. =
\\\\:\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\E
T
oI R SRR AN NN \% NN ANNNINNNT AN
SNANNNNNNN N N AR RNARN NN NN N
ARSI R T I A
»\\\\\‘5} }\ AONUNUNNNNNNINNNNNNNNNY
MadGraph Stat. Err. 3
M B I BT BT BT R R
100 200 300 400 500 600 700 800

CMS-SMP-14-005



Compact Muon Solenoid

pr“/H; Ny > 2 at 8 TeV
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Compact Muon Solenoid
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v+jets, Vs=7 TeV

* Photons |nY| <2.5
* Jets are anti-k;, AR=0.5, p;>30GeV, |n|<2.5
* AR(Jet,y)>0.4



CMS

Compact Muon Solenoid

* |n®t|<1.5 on left,

1.5<|n'¢t|<2.5 on right
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Ratio of cross sections: Data/Theory
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 We again see good agreement over orders of magnitude

— Forward photons at high p; are off by 10-20%
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v+jets, 8 TeV

* Photons || <1.4
* Jets are anti-k;, AR=0.5, p;>30GeV, |n|<2.4
* AR(Jet,y)>0.4
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Compact Muon Solenoid

p' Spectrum, N

19.7fb” (8TeV)
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% P’ Spectrum Cross Section Ratios

at 8 TeV
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% P’ Spectrum Cross Section Ratios

at 8 TeV
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Systematics Correlation

e Systematics from the same source are treated as
fully correlated as in previous cross section ratios

— JES, JER and luminosity uncertainty are treated as fully
correlated

e Systematics are added quadratically

e Statistics are propagated assuming gaussian-
independent error propagation with the diagonal
element of the covariance matrix

e We removed the NNLO k-factor on the Z
distribution

— we compare the LO cross section ratio for MC



Compact Muon Solenoid

>]1at8 TeV
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Z/y ratio: N
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Rate overestimated by MadGraph by 20%,
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Compact Muon Solenoid

Z/yratio: N, .. >2at8 TeV
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Conclusions

* Measured
— Zandy p;spectra
— Jet p;spectrain W, Zand y
— Ratios in Z and y p; spectra
— Jet multiplicities
* Observe similar trends in Z and y p; spectra

* Differential jet multiplicity ratios agree between data and
MadGraph

* Plateauis observed in both Madgraph and data in ratio between Z
and vy

— Slight disagreement in scale but agreement in shape
 Dominated by statistical errors in tails
* Dominated by systematics at low p;



References

W [/ TeV]
— https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP 12023
— http://cds.cern.ch/record/1712497
— http://arxiv.org/abs/1406.7533

Z [8TeV]
— https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP13007
— http://cds.cern.ch/record/1728322
— https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP 14005
— http://cds.cern.ch/record/17409697In=en

Z[7TeV]
— https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP 12017
— http://cds.cern.ch/record/16679067In=en

Photon [7TeV]
— https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsQCD11005
— http://arxiv.org/abs/1311.6141
— JHEP 06 (2014) 009

Photon [8 TeV]
— https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP 14005
— http://cds.cern.ch/record/17409697In=en



BACKUP

Takasugi (UCLA)

31



O
<
7

* Fit Variable: photon isolation with foot
print removal
— Rho corrections computed to minimize
pileup dependencies

* Fit templates:

Oy < 0.011

 Background template:

— Ojn20.011
e Signal template is taken from
RandomCone (RC) as in 7TeV PAS-

SMP-13-001

e A purity fit is performed in each analysis  °°

bin
— Signal and Background templates are
taken with coarser bins

 Agreement in different order of
magnitude

Templates and Purity

0.04

0.03

0.02

CMS
Unpublished

p;' =100 to 111 GeV

Takasugi (UCLA)
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CMS,
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p:* Spectrum, H; > 300 at 8 TeV
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Compact Muon Solenoid
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Compact Muon Solenoid
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Compact Muon Solenoid
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Compact Muon Solenoid

Py’ Spectrum, H; > 300 GeV at 8

TeV

19.7fb™ (8TeV)

+ TTTT | T T TT TTTT T T TT T T TT TTTT T T TT TTTT T T TT TTT ]
% , Mé Unpubllshed H; = 300 GeV -
O] ) ly'l<1.4 ® data
o 100w =
= E stat+syst 3
Q-|— C _
~ — MadGraph n
Ke) i i
o}
© 10 =
1E E
- | H,>300Gev ]
107 IE
= -
:I 111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 111

100 200 300 400 500 600 700 800 900 1000
p; [GeV]

19 7fb (8TeV)

|IIII|IIII|IIII|IIII'

MadGraph/Data

OO0 = ===

ON®D®OO LMW

7
w7

MadGraph Stat. Err.
M R

- A IR BRI AT ENATTETIN RN BRI BRI R
100 200 300 400 500 600 700 800 900 1000

Tak i (UCLA v
akasugi (UCLA) p! [GeV]

43



Compact Muon Solenoid
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CMS, !
ZEZ/\( ratio: H-> 300 GeV at 8 TeV

* Due to a mixture of statistics and the high
uncertainty on the photon purity
measurement, shown for p;>100 GeV
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