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Motivation

 Multi-V (V  Z, W%, ) final states are an important probe of
the SM electroweak (EWK) sector
 Sensitive to deviations from SM
* Insight into gauge boson (self-)couplings

» Natural first search channels for anomalous couplings @TGCs
and aQGCg3

* Is the Higgs we found enough to preserve unitarity ?

* Impressive theoretical progress: NNLO available for most
states

* Run | analyses wrapping up

Today: ! Wifeedtial+aTGC, WV gqaTGC
* Enough data  time for some mature 13 TeV results

cToday: ¢ Whecd u s | ddferential£&T@C, Z ¢
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ZZY 40 (2016 13 TeV)

CMS Preliminary 35.9 b (13 TeV)
I\I‘I\'\\I\"'\I rryprrrrJyrrr1I

>500H [ ! TTrpTT
e : i +— Data
* Motivation o | =gz
E :: ﬁz:; ziets EWK | -
* Very clean, fully reconstructedfinal state "l —Ho
 Sensitive to higher-order QCD corrections :
» Good channel for neutral aTGCsearch :
« Background to Higgs and searches ]
* Inclusive and differential cross sections and oo P L
aTGC limits with full 13 TeV dataset _ OMSmay e e
s ]
* Selections S |z L
8500; Egg j zzj:;széwx .
» Lepton ID, isolation optimized for efficiency £ | wwn ;
* Full spectrum: () in 40(4)-120 GeV i
e 7 40 4 gin 80-100 GeV ook ]
* On-shell: Both Z masses in 660120 GeV :
e E
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https://cds.cern.ch/record/2256100

ZZY 40 and ZY 4¢

* Backgrounds small, Z+jets and from data

« Z+{ ' dontrol regions with one or both ¢ '
failing ID or isolation

* Derive per-lepton transfer factors from
Z+1 sample

* VVV, V and Higgs backgrounds from MC
* World-best neutral aTGC limits from o fit

Events / 50 GeV

with SHERPA samples w0 " o mmms
« Z—4 branching fraction: ooz .
= . + I AN

O ) N

A G - (D I N
i - ( ) X - 0.002— \ — /.f;/f..__ -
- MG5_aMC4.6x 1 0° | <&
00045604 0002 0 0002 0.004
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Events / 1 GeV
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CMSPAS SMP-16-017

CMS Preliminary 35.9 fb' (13 TeV)
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7Z7ZY 40

- Total inclusive cross section ( 60-120 GeV):
o(pp — ZZ) = 17.8 + 0.6 (stat) T)7 (syst) == 0.4 (theo) = 0.5 (lumi) pb
* NNLO: 1 @765 pb | | g ST e
« Compatible with ATLAS e

MCFM NLO+gg
T NNPDF3.0, fixed BEp=m,

* Largest = S
.. o 20— % cMms 47 (2016) =
systematicis y [ ¢ o«
3 = CMS 2/2v
a O ATLAS 47 (x1.016) 109 —
Iepton o L O ATLAS 47+2¢2v (x1.016) C
e o MATRIX NNLO (qq+qg+gg) ] L
effl cien cy 15 | T NNPDF3O. fxedp = = m, C

 Differential

1 | 1 1
POWHEG+MCFM

cross sections ' g e "

unfolded with | I

D’Agostini 5— ] %: 15% MG5_aMC@NLO+MCFM

me.thOd . L 8| Lt 1|0 —t 2 1‘2 —r 1 1|4 3 50 100 150 200 25;)22 [Gevaloo
(4 iterations) s (TeV) '
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WZY 3¢ sonsn
(7+8 TeV, 2015 13 TeV)

231" (13 TeV)

 Motivation

% 120 cms :

: ! ¥ Joof + \?V&;a -

* Cleanleptonic final state g 0 % -2 g

o _ 7 8o VvV -

 Very se_nsmve to higher-order QCD ol g i o E
corrections : oo

 Sensitive to chargedaGC
» Background to searches (e.g. H)

g ikt

- Differential cross sections+aTGC at 8TeV, § '11;1)” (fo
inclusive cross section at 13 TeV s ey

O L CMS wz
» Selections 520 ﬁ v
* Three good, isolated leptons + ¢ £

«76< <106 GeV, 3,> 100 GeV 100 - 7
* Veto on extra lepton or b jet (13 TeV) : wﬁ ﬁn j
0L Lasass®®s, el 0t arepyen
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231" (13 TeV)
 Background > o oms TS
% 80;— + Data —;
«Z ,ZZ,VVVN+top from MC s O | —4 E
q>_) 60? ”g:::::::: " NAAY é
* Nonprompt (largest) from data control = ™ =5 7 =
. . . . 401~ ' onprompt 3
region like signal except with 1, 2, or 3 20 " Nonpromet 3
leptons failing ID or isolation 3 " E
. 10? = ﬁ«‘f@g&“ b 4 E
 Calculate perlepton transfer factors in N — it
dijet events = 05@ ;’jmr %W%%W%ﬁf%ﬁo
. La rgeSt SyStematiCS . _CMS. I 1‘9.6Ifb" ® T?V)_ § cus _ Pl (GeV)
are nonprompt 004] - Bpmecsmo.  — omemsssnol > 10 - gffbu (?Te”:
| +  Besti | (g -+ WZ aTGC (AK = 0.6) Non-prompt leptons
background estimation | 1 Dapl it M
and ,f/ \\ g :'—'
or '\ } ] 10° ¢ s E
* 8 TeV aTGC limits from | J
| / |
fitto Z b
-0.J05| | 0.65_ ’
Ag? 0 100 200 300 400
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http://dx.doi.org/10.1016/j.physletb.2017.01.011
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WZY 3¢

* 13 TeV total inclusive cross section: 3 D

c(pp = WZ) =3994+32 (stat)f%j? (syst) £ 0.4 (theo) & 1.3 (lumi) pb. FT oo s /( 7]
. +4.9 9 +22 9 ' :

» Theory: NLO @ 61733 ¢, NNLO 6 11753 ¢ ]

- Difference with ATLAS statistically significant “~ E
- 8 TeV differential cross sections I «g({e\ff

, . . _ CMS 19.6 o™ (8 TeV) < :CMS . . ‘ ___196h'® Te
DéAgounfoldimgi & [, = 7 Tl 8 Lt R

. . %Q = w MadGraph N-%10*‘5— o MOFM 3

(5 iterations) S 18 o |

. N L R 1 %102 =

« Compare with LO : oL . 1e :

: E T10% .

MadGraph and fixed- g | ;

Order NLO MCFM 10’1§ é E%t% %EV'%IEUGTWHNHTSMZGEL :%
| c;i 05 1 15 2 25 3 35 :t 050;_ 50 100 150 200 250 3_00
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https://arxiv.org/abs/1604.08576
https://cds.cern.ch/record/2201221
http://dx.doi.org/10.1016/j.physletb.2017.01.011
https://cds.cern.ch/record/2256070
http://dx.doi.org/10.1140/epjc/s10052-017-4730-z

WVY £ qg
(8TeV+ 201513 TeV)

 Motivation

- Large V(W/Z)- qg branching fraction

 Similar to high-mass resonance search

* V boosted to BSM-sensitive “fat” jet

CMSPAS SMP-16-012
CMSSMP-13-008 (PLB)

2317 (13 TeV)
CMS uv WW-category

preliminary ¢ Data W—suv
----- signale,  /AT=12 TeVv?
I W+jsts

i

T K

Bl Single Top

Background uncertainty

102

Events / (100 GeV)
>
ow

¢ Selections at 12 (8) ey E;;éi%**é*tﬁs;uaualslueue
» Standard |ept0niC W, T° 200 GeV : —217000 1500 2000 2500 3000 3500
* Vhag @N AKS (CA8)jet with substructure ID e +M12£";,;2T:‘A’3W (e
« N-subjettiness , ;< 0.6(0.55) & s -
* 40 < < 150 (140), 1> 200 GeV fr:

 Veto additional jets (tighter cut for b jets)

A @)D> /2,0 (¢ ,j)> 20,
A (Wlep1j) > 2.0
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http://dx.doi.org/10.1016/j.physletb.2017.06.009
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WVY ) dqg CMS-PAS SMP-16-012

CMSSMP-13-008 (PLB)

. . . _ | | . |2.3 b (1§ TeV)
- Backgrounds: W+jets, , single- s PFems T Do
. . . (Lg 120 E_ pre!rmmary: % : : E :/;_YW/WZ
» Shapes from analytical functions fit to MC ; ™ =
5 80_— ncertainty
* Normalizations from distributions @ -
- Largest systematic (12%) is V-tag efficiency
* Method at 13 (8) TeV Heol gy, Lot b4 g
gb-g:—* My vy vovt rrf*_:
- aTGCsignal from MG5_aMC via ME 0 e e o i
reweighting (MCFM without reweighting) oMs 91 (8 TeV)
- Extract yields and significance with 200 chmemeasscl — ommmedssict
simultaneous fitto ,, > 900 Gev( ’T) 0.02l //’ P — ‘\\\
i e \
* Full momentum found with W mass constraint | { {(N ) \}
O\ \\ /
 Tighter WWZ aC limits than leptonic channels \\\\%H//‘///
- 8TeV , andA £ limits tightest to date 002 T

-0.02 -0.01 0 0.01 0.02
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ZY (2015 13 TeV)

CMS Preliminary 23" (13 TeV)
> | T T T I T T T I T T T | T T T
()] .
° M [ ytiet, W—pv, Zy—lly, W—tv, tty [__| Beam halo

° M OtlvatIO n "'Om- [ Spurious ECAL signal [ jet—y MisiD

= 10 eleciron—y MisID [ Wy—hvy
. o [ Zy—vvy [7-77] bg uncertainty
>
* Tree-level SM production only @ [ —e pam

through ISR
 Sensitive to anomalous Z couplings 10!

» Background to monophoton search

* Selection
10° 5 | 1 =
« Tight photon ID and isolation B 15 E
- . >175GeV,| |< 1.44, 8

?00 e10'[]0
. . >170GeV Fr(eet

- Tight leptonveto, A ( , 7 )>2,A (j, 1)< 0.5

« ECAL timing cut and shape requirement to reject halo and
detector effects
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S CMS Preliminary 23" (13 TeV)
. O T [ ytiet, W—pv, Zy—lly, W—v, tty [ Beam halo
* Signal MC: LO MadGraph5_aMC@NLO 10 £~ B Spuros ECAL sgna e s
g - [ Zy—»viy 77771 bg uncertainty
M M Dat
 Background estimation D

W ¢ andsmall others: MC
« W - e : CR with inverted pixel veto

10°

ff

X
i | \HII\I IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| |

s 1
- Transfer function from pixel efficiency '*" ¢ |
» Cosmics+ECALspikes: ECAL timing fit o[
* Largest systematics: energy scales, % 35 | | 1 |
background estimation, EWK theory & = > = = s+t -0h0
E™* [GeV]

. = 66.5 £ 13.6 (stat) + 14.3 (syst) £ 2.2 (lumi) fb

« +>175GeV,| |<1.44
* NNLO theory: 65.5+ 3.3 fb [ ]
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S f the Field: WWZ aTGC
tate ot the rileld: a Shown today
March 2017 CI
FeviRle Do —e— Channel Limits J Lot s
A — WwW -4.3e-02, 4.3e-02 467 7 TeV
K5 — WW -2.5e-02, 2.0e-02 20.3fb"' 8TeV
—e—| WW -6.0e-02, 4.6e-02 194 fb"' 8TeV
} ! Wz -1.3e-01, 2.4e-01 336f' 813 TeV
[ I W2z -2.1e-01, 2.5e-01 196fb" 8TeV R ——
[ : WV -9.0e-02, 1.0e-01 46’ 7 TeV
— WV -4.3e-02, 3.3e-02 5.0 fb 7 TeV
— WV -2.3e-02, 3.2e-02 19 fb™ 8 TeV —
— WV -4.0e-02, 4.1e-02 231"’ 13 TeV S —
—e— LEP Comb. -7.4e-02, 5.1e-02 0.7 b 0.20 TeV
A — WW -6.2e-02, 5.9e-02 46fb" 7 TeV
ve — WW -1.9e-02, 1.9e-02 20.3fb" 8TeV
— WW -4.8e-02, 4.8e-02 491fb’ 7 TeV
—e— WW -2.4e-02, 2.4e-02 194 fb" 8TeV
— wz -4.6e-02, 4.7e-02 4.6 fo! 7 TeV
— Wz -1.4e-02, 1.3e-02 336fb' 8,13 TeV
— WZ -1.8e-02, 1.6e-02 19.6 fb 8 TeV D
— 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 b 8 TeV —
— WV -3.9e-02, 3.9e-02 2.3 fb?! 13 TeV G
—eo—| DO Comb. -3.6e-02, 4.4e-02 861" 1.96 TeV
—e— LEP Comb. -5.9e-02, 1.7e-02 0.7 fb! 0.20 TeV
A a — WWwW -3.9e-02, 5.2e-02 461" 7 TeV
g, — WW 1.6e-02. 2.76-02 203 1" 8TeV
[ | WW -9.5e-02, 9.5e-02 4917 7 TeV
—e— WW -4.7e-02, 2.2e-02 19.4 fb™ 8 TeV
e | WZ -5.7e-02, 9.3e-02 46! 7 TeV
— WZ -1.5e-02, 3.0e-02 336fb"' 813TeV
— Wz -1.8e-02, 3.5e-02 196" 8TeV D —
p— wv -5.5e-02, 7.1e-02 4.6fb’ 7 TeV
— WV -8.7e-03, 2.4e-02 19 b 8 TeV e
— WV -6.7e-02, 6.6e-02 231! 13 TeV —
 E—— DO Comb. -3.4e-02, 8.4e-02 8.6 1b'1 1.96 TeV
. . . . e . . | LEP Comb. 9.4e-02,2.1e02] 0,7 fb , 0.20 Tey
0 0.5 1

aTGC Limits @95% C.L.
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State of the Field: ZZ /ZZZ P ey
aTG C Shown today

CMS
May 2017 ATCASSCMS Channel Limits [ Lt fs
v } 1 ZZ (41,212v) [-1.5e-02, 1.5e-02] 461" 7 TeV
f 4 S 77 (41,212v) [-3.8e-03, 3.8¢-03] 20.3 fb" 8 TeV
— 77 (4l) [-1.8e-03, 1.8e-03] 36.1fb" 13 TeV
A ZZ (41) [-5.0e-03, 5.0e-03] 19.6 fb" 8 TeV
A ZZ (212v) [-3.6e-03, 3.2e-03] 24.7 fb 7.8 TeV
— ZZ (41,212v) [-3.0e-03, 2.6e-03] 24.7 tb 7.8TeV
— ZZ (41) [-1.3e-03, 1.3e-03] 35.9 fb” 13 TeV D
I | ZZ (41,212v) [-1.0e-02, 1.0e-02) 9.6 fb” 7 TeV
'Z } | 77 (41,212v) [-1.3e-02, 1.3e-02] 461" 7 TeV
4 — 77 (41,212v) [-3.3e-03, 3.2¢-03] 20.3 fb" 8 TeV
— 77 (41) [-1.5e-03, 1.5e-03] 36.1 fb" 13 TeV
I 77 (41) [-4.0e-03, 4.0e-03] 19.6 fb! 8 TeV
I 77 (212v) [-2.7e-03, 3.2¢-03] 24.7 fi” 7.8 TeV
— 77 (41,212v) [-2.1e-03, 2.6e-03] 24.7 fi” 7.8 TeV
— ZZ (4l) [-1.2e-03, 1.1e-03] 35.9 b’ 13 TeV G
: | ZZ (41,212v) [-8.7e-03, 9.1e-03] 9.6 b 7 TeV
v : | ZZ (41,212v) [-1.6e-02, 1.5e-02] 4.6 1" 7 TeV
f5 S ZZ (41,212v) [-3.8e-03, 3.8e-03] 20.3 fb" 8 TeV
— ZZ (41) [-1.8e-03, 1.8¢-03] 36.1 fb” 13 TeV
I — ZZ (41) [-5.0e-03, 5.0e-03] 19.6 fb! 8 TeV
— ZZ(212v) [-3.3e-03, 3.6e-03] 24.7 fb 7.8TeV
— ZZ(41,212v) [-2.6e-03, 2.7¢-03] 24.7 fb” 7,8 TeV
— ZZ (4l) [-1.2-03, 1.3e-03] 35.9fb" 13 TeV G
I | ZZ (41,212v) [-1.1e-02, 1.1e-02] 9.6’ 7 TeV
fZ } i ZZ (41,212v) [-1.3e-02, 1.3e-02] 4.6 b7 7 TeV
5 — ZZ (41,212v) [-3.3e-03, 3.3e-03] 20.3 fb” 8 TeV
— ZZ (41) [-1.5e-03, 1.5e-03] 36.1 fb” 13 TeV
—— ZZ (4) [-4.0e-03, 4.0e-03] 19.6 fb! 8 TeV
— ZZ (212v) [-2.9¢-03, 3.0e-03] 24.7 i 7.8 TeV
— ZZ (41,212v) [-2.2e-03, 2.3e-03] 24.7 i 7.8 TeV
— ZZ (41) [-1.0e-03, 1.2¢-03] 35.9 fb” 13 TeV C—
| | | } | T | | | | |zz (4|,2|;|.>v) : [-9.1e-o|3, a.se-oia] | Ie:.e fb! | 7 TBV
-0.02 0 0.02 0.04 0.06

aTGC Limits @95% C.L.
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State of CMS Measurements:
Diboson Cross Sections

March 2017

CMS Preliminary

° N N LO CaICUIationS CMS measurements 7 TeV CMS measurement (stat,stat+sys) +——o—+—
vs. NNLO (nLo) theory 8 TeV CMS measurement (stat,stat+sys) —+—e——
nOW the defaUIt 13 TeV CMS measurement (stat,stat+sys) ——e——
YY —to———— 1.06 £+ 0.01+0.12 5.0fb™
e Overall gOOd Wy, (NLO th) : 1.16 £0.03 £ 0.13 5.0 fb™
M —tot+—i i
agreement Wlth SM Zy, (NLO th.) 0.98+0.01+0.05 50fb }
ZY, (NLO th.) —to— 0.98+0.01+0.05 19.51b
< 4 WW+WZ \ 1.01+0.13+0.14 4.91b"
* Many urTcertalntles WW o 1.07 £0.04 +0.09 4.9 b
are or will soon be | ww — e 1.00+0.02 +0.08 19.4 fo
. WW e 0.96 +0.05 +0.08 2.3 b
systgmatlcs W7 I 1.05+0.07 +0.06 491"
dominated wz e 1.02+0.04 +0.07 19.6 fb"
Wz e 0.80 +0.06 + 0.07 2.3 fb™
« Challenges for 77 o 0.97 £0.13£0.07 4.91fb"
] ) 77 i 0.97 £0.06 +0.08 19.6 fb"
experimentalists | 7, i 1.10 £0.04 + 0.05 35.9 fb!
and theorists I — T
http:ﬁg;néggfggt;pm? Production Cross Section Ratio: 6,/ Oy,

* The “precision
measurements” dream will soon be reality
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: Run 276282 pp—ZZ - 4p
Conclusions [
VS = 13 TeV my, = 87.6 GeV
o Ha My, = 295.4 GeV
* Diboson measurements pr=32.9 GeV 27 reconstructed
are important for SM p ea WETRIEES Hy
. 3 =81.1 GeV
and BSM physics pr=56.5 GeV ﬁl 0.2

n=-1.9

« CMS results in Z
WV, WZ, and ZZ overall
consistent with SM

» Confirm latest theory

calculations N
* Place limits onaTGC o
parameters

* Large, mature datasets allow detailed measurements even for
low cross section processes

7 July 2017 Nate Woods EPS HEP2017



THE UNIVERSITY

Backup
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The Whole SM

May 2017 CMS Preliminary

LA

5 =) @ 7 TeV CMS measurement (L<5.0 fb™) !
10° =& o m 8 TeV CMS measurement (L< 19.6 fb“)1 =
& @ 13 TeV CMS measurement (L <35.9 fb™) 3

- znjetgg Shown tOday — Theory prediction ]

1 04 | o o) L £ 22 CMS 95%CL limits at 7, 8 and 13 TeV —
= 2n jet(s =

= 2] =

_ O ]
10°F o o E
- : = gl o@ ]

1 02 | - T =njet[s]m —
& us® g ° ) 5 -
10 % . : ﬁ E

Production Cross Section, o [pb]
HE

K

o o
(A
11||||rl'| ||||||IT| |||||rl1|

"
e
I b
il—Ei
et
=]
I
I H=H
JJIIII|,|] ||||||u] |||||u,||

A
+*I
|

103 . E
: =R E
10_4 | [ [ [ I I I lew Tew I'mv—=Tew lew TEw ! EW! 1 I 1 1 1 ] ] I 1 1 1 | vBE! | | I
W Z Wy Zy WW WZ Z7Z qaW qaZ WW WyjjssWW Zyij  ZZij WVy Zyy Wyy 0 t,, tW t tty tZg W tZ ittt ggH qqH VH ttH HH
All results at: http://cern.ch/go/pNj7 WSk, 25l e Th. Acy in exp. Ac
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Z Yields and Systematics

. Sources Effect on cross section (%)
 Systematics Luminosity 3.3
PDF and QCD scale 6.8
Electroweak corrections 11.3
Jets misidentified as 1.3
Electron misidentified as y 3.6
Beam halo 11.0
Spurious ECAL signals 5.0
E%‘iss, photon energy scales, pileup 7.1
Data/sim. scale factors 9.7
. Yield Process Estimate
I€las Zy — vy 4174 % 6.67
Wy — lvy 10.60 £+ 1.58
W — ev 7.80 £ 1.78
Jet — 7y misidentified 1.75+ 0.61
Beam halo 5.90 + 4.70
Spurious ECAL signals | 5.63 £ 2.20
Rare backgrounds 3.03 = 0.69
Total Expectation 76.45 + 8.82
Data 77
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More WYV Plots

19 fb (8Tev)
T

500

Events/ (10 GeV )

1000

|‘|\\\\\|
WW+WZ—

I Top
Il W+jets
e u,Data

R

0 60 80 100 120 140
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— FT T T ‘ T T T T T T | T T T ‘ T T L
> WW+W2Z b
()] B I Top B
O] 800_ Il W+jets ]
o e e« g, Data 7
S I | | ]
= 600r Y W ]
) | i
= ]
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CMS 19 b (8 TeV)
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AII WV Limits (8 TeV)
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All WV Limits (13 TeV)
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WZ Yields and Systematics =
Sample eee eep e Ty Total
8 I e V5 =7TeV, L =49fb!
Nonprompt leptons 22+2.1 1508 24751 1.8773 7.97130
zz 20£03 35+£05 27104 5.1+07 133+19
Zy 0 0 054+05 0 05+05
VvV 1.6+0.38 20£1.0 24412 30£15 9.0+4.5
Total background (Npig) 38£23 60+ 19 8.0134 9.9777 307753
wZ 447+ 0.5 49.8 £ 0.5 56.0 £ 0.5 738 £0.6 2243+ 1.1
Total expected 505+23 56.8730 64.0133 83.771 2551140
Data (Nobs) 64 62 70 97 293
Vs =8TeV, £ =19.6fb"

Nonprompt leptons 18.4 +12.7 320£21.0 54.4 £330 62.4 £ 37.7 167.1 £55.8
ZZ 21£03 2404 32£05 4707 123+ 1.0
Zy 34£13 0404 52418 0 9.1+£22
Wyt 0 0 0 28+ 1.0 28+1.0
VvV 6.7£22 87+28 11.6 £3.8 148+£5.1 419+73
Total background (Npyg) 306+ 13.0 435+£212 74.4 £333 84.7 + 38.1 23324563
WZ 2111 £ 1.6 262.1 =18 346.7 £ 2.1 4478 24 1267.7 £ 4.0
Total expected 241.6 £13.1 3057 £21.3 421.0+£ 333 5324 4+38.2 1500.8 + 56.5
Data (Nobs) 258 298 435 568 1559

Source s =T7TeV Vs =8TeV

eee eefL N 1 T A N e T

Renorm. and fact. scales 1.3 1.3 1.3 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 2.9 2.7 2.0 1.4 34 2.5 2.5 32

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 -

Epss 3.7 3.4 43 3.7 L5 1.5 1.6 12

77 cross section 0.5 0.9 0.6 09 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 7.2 6.1 7.7

Other simulated backgrounds 0.2 0.2 0.9 02 1.0 1.1 1.1 1.0

Total systematic uncertainty 6.1 7.8 8.1 7.2 7.0 8.0 7.7 9.2

Statistical uncertainty 13.5 13.9 13.1 11.0 7.7 7.2 6.4 5.2

73 Integrated luminosity uncertainty 22 2.2 2.2 22 2.6 2.6 2.6 2.6 EPS HEP2017




WZ Yields (13 TeV)

Decay Ny Background Background Total Observed
channel Non-prompt Prompt expected

eee 3588 £0.63715 | 10641737312 608+ 0597073 | 52.60+1.93737% 49
ey 50.23£0.771231 | 14.83+£3.56135 757 +£04710% | 72.63+£3.6711%) 78
e 56.02+£0.807537 | 21.56 £3.21139 843 +0.5571); | 86.01+£3.35"720 83
Wu 83.96+0.99735> | 20.16 £4.9178%  11.134+ 0497157 | 11525 +5.03173) 108
Total | 226.09 £1.617352 | 67.19£7.08"1135 3321 £1.05733% | 326.50 £ 7.33 11858 318

7 July 2017 Nate Woods EPS HEP2017




More W/Z Plots

7 July 2017
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More W/Z Plots
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/7 Yields and Systematics

7 July 2017

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%
Final Expected Background Total Observed
state Nyy expected
4 | 196012149 | 39+1.0x=15 | 1999+1.6 £15.0 196
2e2u | 1791+11+123 | 3.6 0.8x0.8 | 182.7 =14+ 123 167
4e 59.1+06x67 |24+04=10| 614+08=x638 64
Total | 4342 £18+£289 | 99+14£25 | 4441 £23+29.1 427
Decay Expected Background Total Observed
channel Ny expected
4u 2655+13+£84 | 52+£08+15 | 270.7£15+8.6 290
2e2y | 4254£1.6+175 | 190+1.8+3.4 | 4444 +£24+18.1 465
de 1656.3+1.0+109 | 11.8+£15+22 | 1772+1.8+114 175
Total | 856.24+23+333 | 360+25+64 | 8922+3.4+344 930

Nate Woods

EPS HEP2017
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More Z/Z Plots

CMS Preliminary 35.9 fo' (13 TeV)
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CMS Preliminary 35.9 fo' (13 TeV)
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More ZZ Differential Cross

CMS Preliminary

Sections
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More ZZ Differential Cross S
Sections
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