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Multiboson measurements CMS Prefiminary
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models with new gauge bosons

Area of intense theoretical advancement
Known large NLO QCD corrections from LO
NNLO cross sections now known (many differential)
Several outside NLO uncertainties
Substantial differential effects from NLO EWK
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Z(— w)y: Measurement Overview (%V\(;?%

5
[
&

Why Zy — vwy?

CMS-PAS-SMP-16-004

No direct Zy coupling in the Standard Model
SM production only via initial state radiation
Important background for DM searches (monophoton
Selection
High pt photon, high MET ( >175, 170 GeV)
Tight y ID and isolation requirements (avoid j/e fakes)
Ap(MET, y) > 2, Ag(], y) > 0.5 = reduce y+jets
Primary Backgrounds
= estimated from data
Beam halo, spurious ECAL signals, cosmic rays
Removed via fit to characteristic shape, timin
Misidentification / Acceptance
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v+jets, Z(— £22)y, W — pv/tv, W(— £v)y = estimated from MC

LO MC with NNLO QCD + NLO EWK correct
W — ev, QCD = from data

fake rates measured by inverting ID criteria, applied to data
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https://cds.cern.ch/record/2204922

Z(w)y: Measurement Overview  {

Fiducial cross section CMS-PAS-SMP-16-004
pT(V) > 175 Gev - fICM'SP're/irpinalry IIIIII 2{.3ft')’1(1|3TleV§)
nY| < 1.44 B Bl Qe |

A-£ =0.279 + 0.002 (stat) + 0.042 (syst) = 2 oo

via MG5_aMC@NLO (LO) with corrections

ofq = 66.5 £ 13.6 (stat) 4= 14.3 (syst) &= 2.2 (lumi) fb | ;.| ———
Excellent agreement with NNLO ook
prediction from JHEPO7(2015)085 5 TSRS S
O'NNLO — 65.51_'3:; fb 200 300 400 500 600 700 800 Ef(EOGell(iOO
Dominant uncertainties T Effect on eross section (%)
Estimation of backgrounds GLDFand QCD scale o8
Theory uncertainties  Jots misidentified as 13
ectron misidentified as .
WYy and Zy shape and Beamhbalo 1.0
: : Spuri ECAL signal 5.0
normaliz atll on . Emiss, plilli)’rc())rwtl_1 Znergy siagle:, ;ileup 7.1
Conservatlvely takeﬂ Wlth Data/sim. scale factors 9.7

LO PDF/scale + magnitude of higher order corrections on final yield
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https://cds.cern.ch/record/2204922

WZ — 30v: Analysis Overview

Why WZ — 30v? ORI
Insight into charged gauge interactions :ma
Background to charged resonance searches (e.g. H=) % b
Cleanly reconstructed leptons, + o within reach B f e

Selection Sl 't TH
3 isolated, well identified leptons + MET S 4l
Additional cuts target specific backgrounds Sib— L L

e.g. mae > 100 GeV (Zy), b-jet veto (it - 13 TeV) * (V y

Major backgrounds f o B

> 3 prompt leptons, Zy = from Monte Carlo \ﬁ; % =

L7, 1(t)+Vy, VWV, 2y
Non-prompt backgrounds = data driven
Define “loose” ID with identification+ isolation

40

20

%%%WW//*WW e

relaxed from “tight” (analysis selection) ID %
Measure ratio of tight/loose in dijet events : ™ (GeV)
Apply loose — tight factors to events passing PLB 766 (2017) 268

full analysis selection but failing analysis |D (tight)
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http://www.sciencedirect.com/science/article/pii/S0370269317300187

WZ — 3Lv: Results

Cross sections at 8, 13 TeV consistent with SM

oaa(pp = WZ — Lvl'0') = 258 + 21 (stat) T35 (syst) = 8 (lumi) fbl

EPJ C (2017) 77: 236
PLB 766 (2017) 268

T T T T T T T T T T T T T

18TeV  onnro = 334.3777 b PLB761(2016) 170183 | ,,f m, /
Unfolding = remove detector smearing o /( [
Unfolding matrix (R) from simulation :
Transfer between true (M) and smeared (v) ? E
distributions (after removing background B) o k
//L /1896 o’ 3 (8 TeV) CMS 19.6 o™ (8 TeV) s (Tev)
1 g B 1 3 l Datla E
Directly using R I . E’Aiferaph 120 Ty = e |
large effect from 2 ey % + 1 A-e from
stat variations ¢ | —t— v 1+ MG, MCFM
D’'Agostini Method ¢ _ | Pt R
Re Ulaﬂze tO MG SSJ@ E—MadGra; h+P thiallwormalizedltoc I .

It = |LO (MLM) EIE T | MCFM
obtain smooth e i = (NLO)
Spectrum ga ' é:MadGraph+PythianormalizedtocNLo MCFM m gl F|Xed Order
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-4730-z
http://www.sciencedirect.com/science/article/pii/S0370269317300187

Why ZZ — 407
Smallest diboson cross section but...
Completely reconstructed state with little background

Very clean signal, good resolution
Primary background to standard model Higgs — 48
Measurement of Z — 42 reflective of H— 448

Selection

4 leptons, 2 Z candidates with mg*p € [60, 120] GeV

Extended for Z — 4 measurement
/1 (closest to Mppg(Z)) in [40, 120] GeV

/o € [4,120] GeV
ma4e € [80, 100] GeV
Major backgrounds

> 4 prompt leptons (itV, VVV) = from Monte Carlo=»

Events / 25 GeV

- Non-prompt backgrounds (Z+jets) = data driven

same approach as for WZ

tight/loose from Z+|ets selection
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-16-017/index.html

Improved precision from 2015 measurement
Good agreement with NNLO prediction
Stat and syst uncertainties comparable

First unfolded distributions at 13 TeV
qq — ZZ, gg — Hscaled to NNLO (x1.1, x1.7)
gg — ZZ to NLO (x1.7)
Normalized distributions reduce experimental

uncertainties.

Many sensitive to

higher order
corrections
(QCD, EWK)

MC differences, but

modeling conclusions

limited by stats

CMS-PAS-SMP-16-017
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https://cds.cern.ch/record/2256100

Data/MC  Data/MC
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Extend inclusive analysis to

distributions exclusive in Njets =
Data softer in njeis at 8,13 TeV

(limited by stats)

N, Mjj important for
distinguishing EWK ZZ]]

3597 (13 TeV) 4 » 2 [ . ]

= .3 F T T T 7 8’/%_ r CMS —¢— Unfolded data + stat. uncertainty ]
2 I CMS _+_ Undohed date "|bg U Preliminary Total 8 -
Preliminary - K [[7] maa ]

. —I MadGeragh’ aMCa MCFMePys — e b HHH—)- Mad E

o PowhegeMCFM+Pythinl t

—_— -

107 = g

CMS-PAS-SMP-15-012
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E E t ] :
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http://cds.cern.ch/record/2264556?ln=en

Anomalous Coupling Searches
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Why WV— £vqq? | CMS-PAS-SMP-16-012

Larger branching ratios to hadronic states 231" (13 TeV)

~

Ability to reconstruct system pr for WW 3 mof_ﬁ!‘,’,',fm,y: | i E gmf‘* E
Only boosted V— gq considered = 0:13 TeV . Bew
Most sensitive to BSM physics 5 o 10 2, VT

Y 6o N

Selection and Backgrounds at 13 (8) TeV
High pr lepton + MET (W) 2

Assign neutrino pr(v) using mw constraint g RS * L P S
P1(Wiep) > 200 GeV i} 240 60 R T T
1 pr > 200 GeV ak8 (CA8) jet with V-like ous ()M (Ge)
substructure ook Wawwewz

( ) T2/T1 < 0.6 (0.55) § _ 8TeV ;E%j; |

40 < Mpruned < 150 (140) GeV Z“ |
Reject further b-tagged ak4(5) jets £ 500 :
Jet ~back to back with lepton, MET, i |
and leptonic W (Reduce W+jets)

80 100 120 140
Kenneth Long m, (GeV) 12



https://cds.cern.ch/record/2209148?ln=zh_CN

MCFM

13 MG5_aMC LO via
ME reweighting

Backgrounds modeled with analytic functions
Fit 10 Mprunea distribution

CMS-PAS-SMP-16-012
arXiv:1702.06095

2.3 (13 TeV)

Normalization constrained in ttbar
control region
aTGC limits via unbinned fit

Generator for aC Fit distribution

l* ;;lTIlTlélllllll
¢ 3 L

nv,WW-category
¢ Data Wopv
----- signalc,  /A*=12 Tev?
I W-+ets
i
El WWwz
I Single Top
BZZZ Background uncertainty

mwv (> 900 GeV)

Consistent with SM
Improvead
sensitivity from
leptonic results

Events / 40 GeV

—@- Electron Data

2000 2500 3000 3500
My (GeV)
cms 19 o' (8 TeV)
— — Expected 68% CL — — Expected 95% CL
—— Observed 68% CL —— Observed 95% CL
T T~ ~
~N

~——

Data/MC

Kenneth Long
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https://cds.cern.ch/record/2209148?ln=zh_CN
https://arxiv.org/abs/1703.06095

Limits also obtained in leptonic states
with aC formulation for ZZ and WZ

Generator for aC Fit distribution

ZZ Sherpa 2.1

WZ

factor of 3-4

MCFM

Consistent with SM
Limits from ZZ

exceed previous
CMS limits by

Events/ 50 GeV

EPJ C (2017) 77: 236

PLB 766 (2017) 268

CMS-PAS-SMP-16-017
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19.6 fb™! (8 TeV)
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| — — Expected 68% CL — — Expected 99% CL
. - —— — Expected 95% CL —— Observed 95% CL

--- WZaTGC (Ax?*=0.6) [l Non-prompt leptons
--- WZ aTGC (Agf =-0.06) [l MC background

-~ WZ aTGC () = 0.04)



https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-4730-z
http://www.sciencedirect.com/science/article/pii/S0370269317300187

The Standard Model| ez l CMS Preliminary
. . CMS measurements 7 TeV CMS measurement (stat,stat+sys) +——o——
IS al |Ve an d Wel | vs. NNLO (o) theory 8 TeV CMS measurement (stat,stat+sys) +———e—+—i
A d | 13 TeV CMS measurement (stat,stat+sys) —+—e—+—
na more complete |y —— 1.06+£0.01+0.12 5.0
) . -1
| Wy, (NLO th.) E——o+— 1.16+£0.03+0.13 5.0fb
th dan ever! Zy, (NLO th.) S 0.98+0.01+0.05 5.0fb
: : Zy, (NLO th) —e—i 0.98 £0.01 £0.05 19.5fb
Flﬂdlﬂg cracks WW+WZ 1.01+0.13+0.14 49fb"
" ' WWwW — 0 1.07+£0.04+£0.09 4.9fb"
I’GQUII’GS DUShmg WW o — 1.00+0.02+0.08 19.4 fb
WW — e 0.96+0.05+0.08 2.3fb"
theory and Wz H=—o——+ 1.05+0.07 +0.06 4.91fb"
experlment tO new Wz ——— 1.02+0.04 £0.07 19.6fb™
L o Wz e 0.80+0.06 +0.07 2.3 fb"
||m|tS |n preC|S|On Y4 H 0.97+0.13+0.07 4.9 b
= i May 2017 CMS Prel ZZ e+ 097 + 006 + 008 196 fb-1
Sl 7z e 1.10£0.04+0.05 35.9fb"
iy . All 0;5 Its at 11 l s l l o
S 10k o - . resu : i i ToR
3 1: L tpiicem chigoipN7 Production Cross Section Ratio: 0, / Oy,
§ 10 i # o / ] R
_% 1%7 @ 3 i _§ EQ’AE R .
e Many measurements syst. limited
o E z -]
1072¢ ™ - .
. Comparison to NNLO theory now
o the standard
Kenneth Long 15




Multiboson physics an important probe of SM and BSM
Results from CMS on Zy, W/Z, — —— CMS Prelminery

g 5 o o 7Te Smeasuremenl(LsS.Olb‘)‘
10 D B, E
ZZ, and VVV COnSlStent Wlth Sl\/l g 104%_5:"’E€nle“s' Z Z Z CMS 95%CLlimits at 7, 8 and 13 TeV _é
= £ o ]
g 10°F e . E
[4p) F &8 ful " o 1
Demonstrate energy ot U
L e By & 3 L 4
dependence of SM ¢ m b ) |
g 1F s B
. (8] E o A @ [

production Sio'] @ i
o E < - ]
. 102E (X e 3
Confirm state of the art r,
_4Eﬂ_l_ﬁ_l_ﬁ_l_rw_l_wr_1_w|_?r T T T T T T T T T T oT T _TverT T T r:

theoretl Cal p red ICtlonS 1(»)AIIresulisv;t'hf\p'/‘::Lranh/‘;V:th‘,:ii R AAL L .

Place limits on BSM physics in generalized language of
aC/EFT

Analyses at 13 TeV have greater reach to deviations from SM
Extension of analyses to full 2016 (+ 2017) dataset begins
new era of precision measurements at the LHC
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8 TeV 13 TeV 8 TeV 13 TeV

Z->41 PRL 112, 231806 (2014) - B PLB 763 (2016) 280,

PLB 753 (2016) 552-572,

DACCMPAE. CMS-PAS-SMP-16-017, ,019
L, T (T PLB 740 (2015) 250, CMS-PAS-SMP-15-012 !:

2z->4| JHEPO1 099 (2017) S Cross section, differential and aTGC _ Cross section,
Cross section, differential, aTGC measurement differential and aTG
72-5212v JHEPO1, 099 (2017) ) EPJC 75 (2015) 511 )
Cross section, differential, aTGC Cross section and aTGC measurement
Zv-sil JHEP 04 (2015) 164 )
vy PRD 93, 112002 (2016) Cross section and aTGC measurement
Cross section, differential and aTGC -
Zy->vvy measurement PLB 760 (2016) 448 CMS-PAS-SMP-16-004

Cross section and aTGC measurement Cross section

JHEP 09 (2016) 029 (WW-+0jet)
Cross section, differential and aTGC EPJC 76 (2016) 401 (WW+0- or 1-jet)

arXiv:1702.04519 CMS-PAS-SMP-16-006

WW->lviv measurement Cross section Cross section, differential and aTGC Cross section
PLB 763 (2016) 114 (WW+1jet) measurement
Cross section measurement

PRD 93, 992004.(2015) o PLB 762 (201_6) 1 (3'_2 fb'l_) CMS-SMP-14-014, EPJ C (2017) 77: 236 arXiv:1607.06943
W2z->3lv Cross section, differential, upper limit Cross section, differential (Njets) Cross section. differential and aTGC (CMS-PAS-SMP-16-002)

on EWK WZ, aTGC, aQGC ATLAS-CONF-2016-043 (13.3 fb-1) ! .
. . . measurement (2.3 fb-1) Cross section

measurement Cross section, differential and aTGC!
WV-slvii ) ) arXiv:1703.06095 CMS-PAS-SMP-16-012
L aTGC measurement aTGC measurement

S. Duric, DIS 2017
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Multiboson Measurements: Procedure @}

N7

Cross sections

Total production rate A = Acceptance (theoretical)
Nyata — Ny e = Efficiency (experimental)
ox B = d L = Luminosity
Axex L

Fiducial cross section
Minimize extrapolation = minimize theoretical uncertainty
Most interesting comparison as theory tools become more flexible
(differential + full decays)

Unfolded distributions

“True” distributions from data = remove detector smearing
Unfolding matrix (R) to transfer between true (u) and smeared (v)
distributions (after removing background ) from simulation

— — ~
v=Ri+p
Directly using y-! = large affect from statistical variations

D'Agostini Method — Regularize to obtain smooth spectrum
Kenneth Long 1g
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Overview of Anomalous Couplings / EFT &l
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&/

Generalized language for new physics in multiboson interactions
Anomalous couplings (triple and quartic)

Observed as deviations at high mass

Defined by modifying SM lagrangian or effective vertices

Vv Vv

.. v\/vv"

Y Vv ALY
Alternatively... expand in effective field theory (EFT)
in terms of Wilson coefficients ¢; and New Physics scale A

LsmM = Legy=Lsm + Z ’);"'“
n=1 1

Non-unitary as /S —> A without form factor
Often presented without form factor for simplicity

Inclusion of form factor decreases limits
Kenneth Long 20




March 2017 coms —
. . . S (OMS — Channel Limits [Lat s
I I ' I I tS W I t O ut O r ’ ' ' a( :to rS ff : i 7Z (#1,212)  [1.56-02, 1.56-02] 460" 7TeV
4 — ZZ (41,212v)  [-3.8e-03, 3.8e-03] 203fb" 8TeV
— 27 (41) [-5.0e-03, 5.0e-03] 196" 8TeV
. — 77 (212v) [-3.6e-03, 3.2e-03] 247" 7,8TeV
( )Or Y ] a r a e 'I:O | n r r ] a n — 7Z(41212v)  [3.0e-03, 2.6€-03] 271" 78TeV
— 27 (41) [-1.3e-03, 1.3e-03] 359fb" 13 TeV
' ! ZZ (41,212v)  [-1.0e-02, 1.0e-02] 9.61b" 7 TeV
Z [ ] ZZ (41,212v)  [-1.3e-02, 1.3e-02] 461" 7 TeV
C z a S e S 4 — ZZ (41212v)  [-3.3e-03, 3.2¢-03] 203" 8TeV
— ZZ (41) [-4.0e-03, 4.0e-03] 19.6fb" 8TeV
| ZZ (212v) [-2.7e-03, 3.2e-03] 247 b’ 7,8 TeV
. — ZZ (41,212v)  [-2.1e-03, 2.6e-03] 247"  7,8TeV
a n rO I n — 27 (41) [-1.2e-03, 1.1e-03] 359fb" 13 TeV
 —— 27 (41,212v)  [-8.7e-03, 9.1e-03] 9.61b" 7 TeV
. . fY ' ] ZZ (41,212v)  [-1.6e-02, 1.5e-02] 460" 7 TeV
5 —] ZZ (41,212v)  [-3.8e-03, 3.8e-03] 203" 8TeV
ifferent energies — Za g mon
— Zz(212v) [-3.3-03, 3.6e-03] 247"  78TeV
—A ZZ(41,212v)  [-2.6e-03, 2.7e-03] 247" 78TeV
— 27 (41) [-1.2e-03, 1.3e-03] 359fb" 13 TeV
orm rtactors gecrease : L By D San B
fz [ ] ZZ (41,212v)  [-1.3e-02, 1.3e-02] 461" 7 TeV
. . 5 — ZZ (41,212v)  [-3.3e-03, 3.3¢-03] 203fb"' 8TeV
— 27 (41) [-4.0e-03, 4.0e-03] 196" 8TeV
I I I I I S — ZZ (212v) [-2.9€-03, 3.0e-03] 247f" 78TeV
—A ZZ (41,212v)  [-2.2e-03, 2.3e-03] 24.7fp"  78TeV
i 27 (4l) [-1.0e-03, 1.2e-03] 359fb" 13TeV
March 2017 o M
arch 20 B, B0 Ghannel Limits [ = —_ P2 (@229 91603, 89e-03] 96f"  7TeV
LEP WW 43602, 43602 Y3 7sTeV 1 | 1 1 1 | 1 1 1 1 1 1 1 | 1 |
Ak, — WwW -2.56-02, 2.06-02 203" 8TeV -0.02 0 0.02 0.04 0.06
—o—r WwW -6.0e-02, 4.6e-02 19.4fb" 8TeV [
| oWz 13601, 2.40-01 336MH" 813 TeV aTGC Limits @95% C.L.
' { wz -2.1e-01, 2.5e-01 19.6fp"  8TeV
—_ wv -9.0e-02, 1.0e-01 461" 7 TeV
— WV -4.3e-02, 3.3e-02 5.0fb’ 7 TeV
— wv -2.3e-02, 3.2e-02 19fb” 8 TeV
— wv -4.0e-02, 4.1e-02 23! 13 TeV
—e— LEP Comb. -7.4e-02, 5.1e-02 0.7 b 0.20 TeV
A — WwW -6.2e-02, 5.9e-02 46fo" 7 TeV
7 — WwW -1.9e-02, 1.9e-02 203fb" 8TeV
— wWwW -4.8e-02, 4.8e-02 49" 7 TeV
e ww -2.4e-02, 2.4e-02 19.4fo' 8TeV
— wz -4.6e-02, 4.7e-02 461" 7 TeV
H wz -1.4e-02, 1.3e-02 336 fb" 8,13 TeV
— Wz -1.8e-02, 1.6e-02 19.6fb" 8TeV
— WV -3.9e-02, 4.0e-02 461" 7 TeV
— WV -3.8e-02, 3.0e-02 5.0 fb 7 TeV
H wv -1.1e-02, 1.1e-02 19" 8 TeV
— wv -3.9e-02, 3.9e-02 23! 13 TeV
—e—i DO Comb. -3.6e-02, 4.4e-02 86fb" 1.96 TeV
—o— LEP Comb. -5.9e-02, 1.7e-02 0.7fb" 0.20 TeV
AGZ — wWw -3.9e-02, 5.2e-02 46fb" 7 TeV
J — Ww -1.66-02, 2.7e-02 203f" 8TeV
1
e ww -9.5e-02, 9.5e-02 491" 7 TeV
—o— ww -4.7e-02, 2.2e-02 19.4 fb™! 8 TeV
| — wz -5.7e-02, 9.3e-02 461" 7 TeV
— wz -1.5e-02, 3.0e-02 336 fb! 8,13 TeV
— Wz -1.8e-02, 3.5e-02 196f" 8TeV
| wv -5.5e-02, 7.1e-02 461" 7 TeV
— WV -8.7e-03, 2.4e-02 19 fb™! 8 TeV
e wv -6.7€-02, 6.6e-02 231! 13 TeV
—e— DO Comb. -3.4e-02, 8.4e-02 86fb" 1.96 TeV
! - - -1
‘ | . | e . . | LEP Comb.  [5.4e-02,2.1e:02] 071" 020Tey
0 0.5 1
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WW — £vlv (Presented at LHCP 2016) (%':@VIV?

Only OF sltatle (ey) COﬂSIqered | CMS-PAS-SMP-16-()()6|
pT(WW) distribution reweighted to NNLO-+NNLL]
Jet pr strongly correlated with pt(WW)
Affects jet categorization
Background
VV and VWV — from MC, Higgs removed using simulation (~4% of final yield)
Top (mostly ttbar and tW) — inverting jet vetos
Drell-Yan (inverting mass and MVA vetoes)
Non-prompt background (from mis-ID in W+jets) — “Tight-to-loose” method

L=23fb"(13 TeV)
—e2p 00 X
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O-jet 1136 =63 +5.1+65+33
1-jet 1353 £15.44+34.0 £ 144 £ 6.0
Kenneth Long Combination 1153 £58£57 F 64 L 36 22




Systematic Uncertainties: WZ

Source of uncertainty Uncertainty in the cross section
Background with nonprompt & 5.4%
Background with nonprompt e 3.9%
b tagging 2.1%
miss
EPJ C (2017) 77: 236 Ef 208
Electron efficiency 1.9%
Muon efficiency 1.5%
Pileup 0.8%
ZZ cross section 0.4%
ttV cross section negligible
Zy cross section negligible
VVV cross section negligible
Integrated luminosity 3.2%
PDF and scales 1.0%
Source s =7TeV 5 =8TeV

eee eefl  WUMe ML eee  eel  WUpe ALl

Renorm. and fact. scales 1.3 1.3 13 1.3 3.0 3.0 3.0 3.0
PDFs 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Pileup 0.3 0.5 1.0 0.6 0.2 0.4 0.3 0.2
Lepton and trigger efficiency 29 2.7 2.0 14 34 25 25 32
P I_B 766 (201 7) 268 Muon momentum scale - 0.6 0.4 1.1 - 0.5 0.8 1.3
Electron energy scale 1.9 0.8 1.2 - 1.4 0.8 0.8 -
E%“ss 3.7 34 43 3.7 1.5 1.5 1.6 1.2
ZZ cross section 0.5 0.9 0.6 0.9 0.1 0.1 0.1 0.1
Zy cross section 0.0 0.0 0.1 0.0 0.2 0.0 0.2 0.0
tt and Z+jets 2.7 6.5 6.3 6.0 4.6 72 6.1 7.7
Other simulated backgrounds 0.2 0.2 0.9 0.2 1.0 1.1 1.1 1.0
Total systematic uncertainty 6.1 7.8 8.1 72 7.0 8.6 1.7 9.2
Statistical uncertainty 13.5 13.9 13.1 11.0 7.7 72 6.4 5.2
Kenneth Long Integrated luminosity uncertainty 22 22 22 22 2.6 2.6 2.6 2.6 23



http://www.sciencedirect.com/science/article/pii/S0370269317300187
https://link.springer.com/article/10.1140/epjc/s10052-017-4730-z

Systematic Uncertainties: ZZ

CMS-PAS-SMP-16-017

CMS-PAS-SMP-16-019

Kenneth Long

Uncertainty Z—40 ZZ— 4
Lepton efficiency 6-10% 2—6%
Trigger efficiency 2—4% 2%

MC statistics 1-2% 0.5%
Background 0.6-1.3% 0.5-1%
Pileup 1-2% 1%

PDF 1% 1%
QCD Scales 1% 1%
Integrated luminosity  2.6% 2.6%
Systematic source Absolute = Normalized
Trigger 2.0 % -
Muon ID, ISO and Tracking 09-10% <01-0.1%
Electron ID, ISO and Tracking 2.8-3.5% 0.1-0.7 %
Jet energy resolution 21-84% 21-84%
JES correction 46-176% 4.6-17.6%
Reducible background 05-25% 03-18%
Irreducible background <01-12% <01-11%
Pileup 03-19% 06-18%
Luminosity 2.5 % -
Monte Carlo choice 05-51%  0.8-4.8%
qq/gg cross section <01-03% 01-0.2%
PDF <01-02% <0.1-0.2%
S <0.1-01% <0.1-0.1%
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http://cds.cern.ch/record/2264556?ln=en

