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Introduction
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all mass, momentum, and energy units unless explicitly labeled are given in GeV with ¢ =1
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/, — 771 Cross Section
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Signals and Backgrounds
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Particle Selection

‘ ATLAS CMS LHCb
muon muon muon
pp > 10— 15;18 pr>9—15 pr > 15
. TuTus TuTh; TuTe TuTus TuTe, TuTh TuTus TuTey TuTh
triggers electron/hadrons electron electron
Er >20-22;15/16 Er > 12 pr > 10
TuTe; TeTh TeTh TuTe, TeTh
track + muon system track + muon system track + muon system
muon isolated isolated isolated
pr > 17,20,15/10 7,7, pr > 15,19/10 7,7, pr > 20,20/571,7,
In| <2.4,2.57,T¢ In| < 2.1 20<n<45
track + ECAL track + ECAL track + ECAL
electron isolated isolated isolated
Ep > 17,2571,7, Er > 15 pr > 20,577,
In| < 2.47 In| < 24,2177, 20<n<4.5
one or three-pronged one or three-pronged one-pronged
4 anti-kp anti-kp isolated
hadrons pr > 20,2577, pr > 20 pr>5
In| < 2.47 In| < 2.3 2.25 <nm < 3.75
i

see Tau Trg/Rec/ID ATLAS (Limbach 09 : 00) and Tau Trg/Rec/ID CMS (Veelken 09 : 20)
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https://indico.cern.ch/event/300387/session/21/contribution/55
https://indico.cern.ch/event/300387/session/21/contribution/56

Event Selection

| ATLAS CMS LHCb
Mg TuTu TuTh TeTh | TuTu TuTp TuTe TuTh TeTh
My TuTh TeTh TuTe TuTh TeTh
or QbET TuTh TeTh TuTy
A¢ TuTu TuTu TuTu TuTe TuTh TeTh
Apy TuTp TpTh TuTu
P TuTu TuTu TuTu TuTh TeTh
my: TuTh Gy Pppt TuTh IP: 7714
> e g L
& 7000 ATLAS Preliminary J-Lmzw 5515"\G = 7 To S 1600F. ATLAS Preliminary Im,wsm‘.ﬁ,ne\i g 10° T T T T
" —+-Data 2011 2 B jm:ae ! ATLAS for
g 600 B 2 100 ST E-7Tey BN
S g EIWMV 1200F DW;‘;\“ 4 o BEMultjet
w if =) - i
w0 Srzon 1000F == mbiboson
EDiboson 800 Eiboson  § 2
el
300 El
600 |
200 400 é
100} 200 ’f
00 20 40 60 80 100 120 740 0745 1 05 0 05 ToTE 1045 0.2 _2 S8
e (1, E7) GeV] Yeosas 1d, (1] + Id| 3,)| (]
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Background Estimation

| ATLAS | CMS | LHCb
norm data Myis data IP data Mg
Drell-Yan temp MC data IP data IP
. norm MC data Mp MC
di-boson MC MC MC
" . norm MC data Mp MC
Ob pat temp MC MC MC
. norm MC/data Mz, ¢ data Mp data OS/SS
Witjet temp MC MC MC
. norm data Myis data IP data OS/SS
Ztjet temp MC data TP MC
.., norm data OS/SS data OS/SS data OS/SS
QCD multijet temp data SS data SS data SS
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7,7, Final State Results

ATLAS (36 pb™1)

CMS (36 pb~1)

LHCb (1.03 fb~1)

cMs
= . T .
> ok 36pb" at\Vs=7TeV | — 40 “Data
(OD Zo5mtoT, = 35 | Vmau
e ] 5QCD
3 rrrrr e 3 10 o e 2 80F|[Lhch HEWK
. 12 E —1T E - - 4
§ e E;D:a/g:,‘,“ g B 2y - —~ 25 Ve =TT gwa’% i
% g[m“el & B acp ‘E 2 OZ — pup
g Sbioson 10 E .
yields from fit 10
1L ]
80 90 100 50 100 150 200
mip, ) [GeV] p-p Invariant Mass [GeV]
observed: 90 observed: 58 observed: 124
background: 47 background: 23 background: 42
signal: 43 signal: 35 signal: 82
primary background: 40% | primary background: 34% | primary background: 24%
*
Y/ Z — pp Y/ Z — pp Y Z = pp
primary systematic: 9% primary systematic: 2% primary systematic: 8%

muon efficiency

muon acceptance

v*/Z — pp background

i Ilten

Z/W Physics

September 18, 2014 9/ 26



Z — 1T

7,7 Final State Results

ATLAS (4.6 fb~1)

CMS (36 pb~1)

LHCb (1.03 fb~1)

5 ! ! ATllAS ! !
B o [0 s

1800

Events

—e— Data {5=7TeV (2011)
AN Stat. © syst. uncertainty

CMs

1600; O é S 50 T T
1400 =il El 8 36pb’ at\Vs=7TeV — 80 o Data
E [ Prompt bikgd. 3 RS
]iﬁzi s 3 S sl Z51T o, = %g({’,ﬁ
E E = S 60 MEWK
800~ 3 i) v Mttt — pe
600 El § 3o o data ~ EWW — pe
3 E| O zo1t
oo E| o 200 B Ewk«+i
200 = [ Qcb LHCb
Lot V5 =TT
B 14
EIRE: NS o ]
£ { yields from fit
§ o9 050 100 150 200 100120
0 %0 Too TR0 200 2R SO e-u Invariant Mass [GeV] My [GeV/e?]
observed: 12224| observed: 101 | observed: 421
background: 8384 | background: 14 background: 130
signal: 3840 | signal: 87 signal: 291
primary background:  49% primary background: 7% primary background:  10%
top pair top pair W+ jets
primary systematic: 3% primary systematic: 2% | primary systematic: 1%

Z — 7T modeling

electron acceptance

electron efficiency
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7,7, Final State Results

ATLAS (1.55 fb~1)

CMS (36 pb~1)

LHCb (1.03 fb~1)

_ cMs
> " 36 pb at Vs =7 Tev —~
g 150 - Z 5T TThag § 35
> R RERERTERERR < S 30
§ sook. ATLAS Prelmnary J‘mx:wssmNE:ﬂsv E 0w )
S & 100 o data ~
5 & @ z-1w £ 2
. B EWK. L
B acD 31
S0 ] 10
yields from fit
00040 60 80 100 120 140 0 50 100 150 200 S 80 100 120
M 5) (GoV] Visible Mass [GeV] My [GeV/e?]
observed: 5184 | observed: 517 observed: 189
background: 793 background: 228 background: 53
signal: 4391 | signal: 289 signal: 136
primary background: 8% primary background: 26% | primary background: 22%
QCD multijet QCD multijet QCD multijet
primary systematic: 8% primary systematic: 23% | primary systematic: 2%

energy scale

hadronic efficiency

IP selection efficiency
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7,75, Final State Results

ATLAS (1.34 fb~1)

CMS (36 pb~1)

LHCb (0.96 fb~1)

< 150 : T —_L
> 36pb’ at Vs =7TeV ~ 30 « Data
g Z — 7T — ToThag = . BZ— T
. e = g® TRk
§ ool ATLAS Prtimiary J‘Lm:\:ti‘oviﬂmv @ 1001 8 w9 Mt — ch
3 £ . data = EWW — eh
5 & = zow £ 15 07 —ee
’ = & LHCh
50 10 V5 =TTV
yields from fit
20" 60 80 100 120 140 0 50 100 150 200 T80 100 120
me%) [GoV] Visible Mass [GeV] Moy [GeV/e?]
observed: 2600 | observed: 540 observed: 101
background: 449 background: 346 background: 37
signal: 2151 | signal: 194 signal: 66
primary background: 11% | primary background: 34% | primary background: 24%
CD multijet CD multijet CD multijet
Q J] j ij
primary systematic: 9% primary systematic: 23% | primary systematic: 1%

energy scale

hadronic efficiency

electron efficiency
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ATLAS Cross Sections

Oppsz—rr (V5 =7 TeV,66 < My, < 116 GeV)
theory using FEWZ 4+ MSTWO08 @ NNLO

o =+ statistical + systematic & luminosity [nb]

theory  0.96 &+ 0.05 combined  0.92 +0.02 £ 0.08 £ 0.03
TuTu 0.96 £0.22 £0.12 £ 0.03 | TuTe 1.06 £+ 0.02 £ 0.07 £ 0.02
TuTh 0.91 +0.01 £0.09 +0.03 | Tet 1.00 £ 0.02 £ 0.13 £ 0.04
2010 2011
25 T combined ‘ ‘ ‘ZL)—‘R‘TH‘ R "‘ L ‘;ilT‘LAiS‘ -
36pb" T ATLAS 18 Preliminary
Z - eelup Z>51,7,
0.3pb" 1.34f0"
T —e— Zo1,1,
1.55fb"
——
Te T st Z — ee/up combined ., —sStt
Ty —— e 4 —Syst@®Stat 33:36p0" — Syst® Stat
— Syst @ Stat ® Lumi z bined — Syst ® Stat ® Lumi
W, e 4, wTheory (NNLO) o T COmDINEd. et/ ... Theory (NNLO)
06 08 1 12 14 16 B T T R I K
6(Z - Il, 66<m,_ <116 GeV) [nb] o(Z —> 11, 66<m,_ <116 [GeV]) [nb]
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CMS Cross Sections
Oppsz—rr (V5 =7 TeV,60 < M, < 120 GeV)

theory using FEWZ 4+ MSTWO08 @ NNLO

o =+ statistical + systematic & luminosity [nb]

theory  0.97 4+ 0.04 combined 1.00 + 0.05 £ 0.08 + 0.04
TuTu 1.14 +0.27 £ 0.04 + 0.05 TpTe 0.99 +£0.12 + 0.06 £ 0.04
TuTh 0.83 £0.07 £ 0.19 £ 0.03 TeTh 0.94 +£0.11 +0.22 £0.04
CMS 36 pb” at Vs =7TeV
T T T T T
NNLO, FEWZ+MSTW08 [PDF4LHC 68% CL] (60-120 GeV)
HeH Z — 1T (combined)
—t——+—1 Te + Thad
[ | Ty + Thaa
b T+ T
f—o—1 Te+ T,
o Z—ee,up
| Iuminosity‘ uncertainty nol‘ shown
0.5 1 1.5 2 25

o(pp — ZX) x B(Z — 1) [nb]
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LHCb Cross Sections

Oppsz—rr (V5 =T TeV,60 < Myr <120 GeV,2.0 < 0" < 4.5,pF > 20 GeV)
theory using DYNNLO 4+ MSTW08 @ NNLO

o =+ statistical + systematic & luminosity [pb]

theory 743+ 2.1 combined 714+ 35+28+25
Tty TTA£104+86+27 | Ture 752+ 54+4.1+26
TeTu 6424+ 82+£49+22
Tuh 683+ T.0£26+24 | Tom, 77941224+ 6.1 +2.7

LHCD pr > 20 GeV/e

DyxnLO 20<n<45
VT MSTWO08 GNNLO 60 < M <120 Gev/e?
i :::

55 60 65 70 75 80 85 90

Tppzte [PD]

Wi Ilten Z/W Physics September 18, 2014 15 / 26



W — 7v Cross Section
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Signal and Backgrounds

hadronic vy

., W — tv
—
o
q oy
Z+-jet
v
v*/Z
7
Jet
Jet
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Particle and Event Selection

ATLAS | CMS 2 Falas e 20 (- 7o)
) W, v,
R . 10 .
trigger | trigger H 51 6o ek CD)
3 10°F Im:mpb‘
ThpT>12,ET>20 ThpT>20,ET>25 H

3

Th pT > 16, £ > 22

7, selection (BDT) | 7y, selection (cuts) ! n
2 4 6 8 10 12 14 16 18 20
20 < pr < 60, |n| < 2.5 pr > 30,|n| < 2.3 S
lead track pp over ECAL lead track pr £ significance
collimated

impact parameter

T T T T E]
EATLAS Data 2010 K5 = 7 TeV) 3

3
8
=

isolated

EW background

no muon hits § 600 :lOCDbackground(BD)é
E S00F- ILm:sApb‘ E
. . 400F- |
event selection event selection 5 a0 E
. . 200
no high pr leptons no high pp leptons o0
Er>30 Er>30 % .06 008 04 0.2 014
Ao(r, Er) transverse mass R
F  significance collimation

tau pr over jets pr (Ryr)
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Background Estimation

| ATLAS \ CMS
W — v norm MC MC
Z+jet temp embedded MC MC
QCD jet norm data ABCD data ABCD, F 1 topology
J temp data ABCD data ABCD
Na =Nz (5%)
ATLAS CMS
©o
A 3
3 A c A A c
E;* S
0
A o
Vi 2]
E B D M B D
| N
5]
tight 7, id loose 1, id Ryp > 0.65 Ryr < 0.65
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W — tv

Results

ATLAS (34 pb™1) CMS (32 pb~1)
> £ T T T T |
& 600fATLAS e Data2010 (s =7 TeV)
© ; 7 \éVWTo;E\Iiéruund g gzsn; CMS Preliminary 2010 - [E’::f;muon
j2} = — w C = = y1
H S00F [ QCD background (C) 7 P =7TevL=324p0
> £ ] 200
%400; RS JLdt:34 pb’ E F
é 3001~ E 150
2 r 1 F
200:7 E 100
100/ 4 F
£ B S0
%720 40 60 80 100 120" 40 b ; ‘
mT [Gev] 90 60 80 100 120 myll(?gv
observed: 2335 observed: 793
background: 411 background: 297
signal: 1924 signal: 496
primary background:  12% primary background:  24%
electroweak QCD jet
primary systematic: 10% primary systematic: 16%
hadronic efficiency energy scale
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ATLAS Cross Sections

Tpps v (V5 =T TeV)
theory using FEWZ 4+ MSTWO08 @ NNLO

o =+ statistical + systematic & luminosity [nb]

theory 10.5+0.5 W — mpv fiducial ~ 0.70 £ 0.02 £ 0.11 £ 0.02
observed 11.1£0.3+1.7£0.4 | W — 1,v total 72 £02 +£1.1 £0.2
AR T o R
ATLAS

ATLASW - 1V, b e

e Data 2010 s = 7 TeV)

—— Stat uncertainty
ATLASW > e v, o —— Sys ® Stat .
—— Sys @ Stat @ Lumi
<<<<<<<<< Prediction (NNLO)
Theory uncertainty
ATLASW — pv, o

6 7 8 9 10 11 12 13 14 15 16
o(W — | v) [nb]
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CMS Cross Sections

Cpps Wt (\/g =7 Tev)
theory using FEWZ + MSTW08 @ NNLO

o =+ statistical + systematic & luminosity [nb]

observed

theory

W* — 7%y | 10.444+0.52 | 8.96 +0.51 + 2.32 4+ 0.36
W+ 7ty | 6.154+0.29 | 5.26+0.39+1.36 +0.21

W~ —-717v 4.29+£0.23 | 3.40£0.33+0.93 +£0.14
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W — 7v Polarization
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Analysis

e analysis similar to ATLAS cross

section measurement E 100 ATLAS 1
. s \5=7TeV ]
e only uses single prong decays 80 R
Ldt=24pb ]
o o : ]
sensm\fe with 7 —0> pv decay wob! ® Data 2010
e approximately 50% of decays ! — Fit
40| Left-handed ]

e angle between p and 7t -~ Right-handed 3

E.+—E,
cosp = * 0 R ) k z
\ /m2 - 4m2 |Prt + Prol ¥
° charged asymmetry: Pr = —1.06 & 0.04 (stat) £ 0.07 (syst)
2ptrk E’%i — E}r,o primary background: 13% QCD jet
T= p"?s -1 p"?s primary uncertainty: 6% energy scale
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Summary

Conclusion

n»r-p

n gl W — 1v

. I.{- . gﬁ T
! T, ! — TuT,
HH 7 — TZTZ
L Z — TyuT
ag 7 — TeTh

—o— W — tv

e Z =TT

L 8- ]

I A 1 Z — TuTu
—a— 7 — TuTe
F—A—i Z — TuTh
Y 7 — TeTh

o Z — 1T
F———- Z — TuTu
—a— Z — TuTe
—— Z — TeTyu
—— Z — TuTh
Y 7 — TeTh

0.4

0.6

0.8 1 1.2
experiment / theory

1.4

1.6
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Conclusion

Remarks

o Z — 77 analyses from ATLAS, CMS, and LHCb
o W — 7v analysis from ATLAS and CMS

« all results look consistent with SM

« important channels for Higgs and BSM

» looking forward to Run II data

o thanks to the ATLAS, CMS, LHCb, and LHC teams for all of
their hard work!
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Variables

Myis = \/p(0/ 1+ €/h)?
My = \/2pr() B + (1 — cos A(u, 1))

b oy = { (6(0) = 6(Bx)) +cos (6(k) = 6(E7)) ATLAS
DT et ) CMS
pr(p1) — pr(p2) ATLAS

— pr(patpz)
Apr =\ a0 oGzl CMS
[pr(p1)=pr(p2)l
pr(p1)+pr(p2) LHCb
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