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Motivation

* The electroweak gauge sector of the Standard Model is constrained by three
precisely know parameters:

- The electromagnetic coupling constant : o =1/137.035999139(31)
- The muon decay constant : G, =1.16637 (1) x 105 GeV-
- The Z boson mass : m, = 91.1876 (21) GeV

- Atleading order, my, is expressed as

2 .. 2 o . 2 42 2
m;,sin“0,, = G sin“0,, = 1—m,,/m,
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Higher-order corrections, dominantly W and vy self-energies,
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Motivation

Ar incorporates higher-order corrections from the SM and beyond:
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— Consistency test of the SM, and a probe of BSM physics
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M, 2014 - 2015, Run 1 (+CMS Run 2

Motivation

ATLAS and CMS e Total Stat.  mmm Syst_
LHC Run 1 Total Stat. Syst.

ATLAS H-yy — 126.02 + 0.51 (+0.43 + 0.27) GeV
CMS H—yy = 124.70 £ 0.34 (+0.31+0.15) GeV
ATLAS H—ZZ -4l e 12451+ 0.52 (£ 0.52 £ 0.04) GeV
CMS H—ZZ -4 —— 125.59 + 0.45 (+0.42 + 0.17) GeV
ATLAS+CMS yy I—EI—| 125.07 £ 0.29 (+0.25 + 0.14) GeV
ATLAS+CMS 4/ I-—I‘E—'I 125.15+ 0.40 (+0.37 £ 0.15) GeV
ATLAS+CMS yy+41 I—$-| 125.09 + 0.24 ( = 0.21 + 0.11) GeV

1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
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| m,, [GeV]

102.8 + 26.3 GeV (*¥)

m

<2012 (1)

W .
ks | B0 37E 00
CDF —— 80.389+0.019
DO + 80.383+0.023
Tevatron —ll— 80.387+0.016

Overal| averagge

xidof= 42/6

__________________________________________________

- 80.385+0.015

80.2 H
80.360 = 0.008 GeV (*)

80.6
m_[GeV]

m_ 2012 —
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2016

"""""" World Comb. Mar 2014, [7]
S stat
total uncertainty
my, = 173.34 + 0.76 (0.36 £ 0.67) GeV
ATLAS, l+jets (%)
ATLAS, dilepton (*)
CMS, l+jets
CMS, dilepton
CMS, all jets
LHC comb. (Sep 2013)
World comb. (Mar 2014)

ATLAS+CMS Preliminary LHCIOPWG  my,, summary, {s = 7-8 TeV Aug 2016

total stat

My, + total (stat + syst) {s  Ref
172.31+ 1.55 (0.75 £ 1.35) 7 Tev [1]
173.09 + 1.63 (0.64 + 1.50) 7Tev [2]
173.49 + 1.06 (0.43 £ 0.97) 7 TeVv [3]
172.50 + 1.52 (0.43 + 1.46) 7 TeVv [4]
173.49 + 1.41 (0.69 + 1.23) 7 TeV [5]
173.29 £ 0.95 (0.35 + 0.88) 7TeV (6]
173.34 + 0.76 (0.36 + 0.67) 1.96-7 TeV [7]

ATLAS, l+jets
ATLAS, dilepton
ATLAS, all jets
ATLAS, single top
ATLAS, dilepton
ATLAS, all jets
ATLAS comb. (ﬂf:f, 2‘;:'5
CMS, l+jets

CMS, dilepton

CMS, all jets

CMS, single top

CMS comb. (Sep 2015)

HeH

(*) Superseded by resuilts
shown below the line

172.33 £ 1.27 (0.75 £ 1.02) 7 TeV [8]
173.79 £ 1.41 (0.54 £ 1.30) 7TeV (8]
175.1+£1.8 (1.4 £ 1.2) 7 TeV (9]
1722421 (0.7 £ 2.0) 8 TeV (10]
172.99 + 0.81 (0.34 + 0.74) 8TeV [11]
173.80 £ 1.15 (0.55 £ 1.01) 8TeV [12]
172.84 + 0.70 (0.34 + 0.61) 748 TeV [11]
172.35 + 0.51 (0.16 £ 0.48) 8 TeV [13]
172.82 £ 1.23 (0.19 £ 1.22) 8 TeV [13]
172.32 + 0.64 (0.25 £ 0.59) 8 TeV [13]
172.60 £ 1.22 (0.77 £ 0.95) 8 TeV [14]
172.44 £ 0.48 (0.13 + 0.47) 748 TeV [13]

176.6 + 2.5 GeV (*)
—

1
165 170 175

m,, [GeV]
Measurement

180 185

SM Prediction (*)

m,, 125.09 + 0.24

m 172.84 £ 0.70

m,, 80.385 + 0.015

102.8 £ 26.3
176.6 £ 2.5

80.360 + 0.008

(*) arXiv:1608.01509

-~ m,, has strongest constraining power. Slow progress! 4



TeVatron results and LHC prospects

arXiv:1203.0293 arXiv:1203.0275
Source e Jy Pr Br Source UIICE]'IaiHW
Electron Energy Scale 16 17 16 . .
E-leciron E-norg_\' Resolution 2 2 3 LEpTOH CHCIEY scale and resolution 7
Electron Shower Model 4 6 7 - —— -
= vl i j i Recoil energy scale and resolution 6
Recoil Model 5 6 1 :
Electron Efficiencies 1 3 54 LE‘]’JTDH tower removal 2
Backgrounds 2 2, 2 Backgrounds 3
3 (Experimental) 18 20 24

W Production and Decay Model PDFs 10
i ) e
Boson pr 2 ] 2 agsgit uth
S (Model) = y = Photon radiation 4
Systematic Uncertainty (Experimental and Model) 22 24 29 Statistical 12
W Boson Statistics 13 14 15 Total 19
Total Uncertainty 26 28 33

DO 5.3fb? 1.7x10°events, W-ev CDF 2.2 fb?' 1.1x10°events, W-ev,uv
My = 80.375+0.011 (stat.) +0.020 (syst.) GeV My = 80387 4+ 12 (stat) £ 15 (syst)
= 80.375 £ 0.023 GeV. — 80387+ 19 MeV /c*
8 TeV 13 TeV
Expected W samples at ATLAS 1 1
_ ~20.3 fb ~30 fb
and CMS (W - ev+uv) :
80x10° 190x10°



http://arXiv.org/abs/arXiv:1203.0293
http://arXiv.org/abs/arXiv:1203.0275

W — Vv

Event representation

Main signature :

. —1
single electron or muon p;

Recoil : sum of “everything else” reconstructed

(a)

in the calorimeters or tracker; a measure of p;w.z

Ut = Z ET,i + useful projections (see later).
i No explicit jet reconstruction!

—>Miss

Derived quantities: p; = - (ﬁfj + uT mr = \/219 ml“(1 cos A¢p)



« Kinematic requirements

- p{>30GeV

Event selections

p.miss > 30 GeV

- m;>60 GeV u; < 30 GeV

- Measurement categories :

4609 818 7 g M events

3 397 716 59 M events

In¢| range 0-0.8 08-14 14-2.0 20-24 Inclusive
W+ —pty 1283332 1063131 1377773 885 582
W sample Ve e 502 760 87 A7 |
W= —p v 1001592 769 876 916 163 547 329 3 234 960
(ATLAS)
In¢| range 0- 0.6 0.6 - 1.2 1.8 - 24 Inclusive
W+ —ety 1233960 1207 136 956 620
W= —=e v 969170 908 327 610 028 2 487 525

W-like sample
(from Z - pu, CMS)

W-like muon : |n|<0.9, p.' > 30 GeV

W-like “neutrino” : |n|<2.1, p.' > 10 GeV
u, < 15 GeV

— 181 k events for each charge



Analysis overview

* Lepton calibration : exploit known resonances; typically Z, J/y — I

“known” ==
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precisely known mass + accurate theoretical modeling of the resonance (FSR!)
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<uy + p# > [GeV]

Analysis overview

Recoil calibration : momentum balance

in the transverse plane

ATLAS : calorimeter clusters

hadronic recoil

- Good response, sub-optimal resolution

- no pile-up mitigation
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Analysis overview

Recoll calibration : momentum balance
in the transverse plane

hadronic recoil

CMS : inner detector tracks

- Weaker response; better resolution

- Good pile-up robustness

CMS Preliminary s=7 TeV (4.7 b )
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Analysis overview

* Production and decay : theory + support measurements

- EW corrections ;:

« Baseline simulation : “improved Born” : use physical values for G,, m;, my,, toep(My), Sin26,,
+ FSR (multiple photon emissions)
* Optimal theory : NLO EW + FSR (multiple photon emissions)
Full difference taken as systematic uncertainty

- QCDh: Distribution Theory Data

Ow, Oz

Rapidity — PDFs do,/dn, do,/dy,

pQCD +

Pr p, resummation do, /dp,*

Decay angle —— Spin correlations AZ(P5 Y)

11



Analysis overview

* Production and decay : theory + support measurements

- EW corrections ;:

« Baseline simulation : “improved Born” : use physical values for G,, m;, my,, toep(My), Sin26,,
+ FSR (multiple photon emissions)
* Optimal theory : NLO EW + FSR (multiple photon emissions)
Full difference taken as systematic uncertainty

- QCDh: Distribution Theory Data
Rapidit —> PDFs Ow, Oz
LY N do,/Jdn, do, /dy,
pQCD +
Pr p, resummation do, /dp,*
Decay angle ——» Spin correlations AZ(P5 Y)

12



Normalised to unity

Var./Nom.

Analysis overview

- Sensitive final state distributions : p;', m;, pymiss

« Signal distributions contructed from a single Monte Carlo sample, reweighting the
boson invariant mass distribution, and compared to data. Mass determination by 2
minimization

o do
- Resonance parametrisation : oc 5 )
dm (m2 -m )2 + m4FV/mV

1%
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Events/ 0.5 GeV

Data / Pred.

Events / GeV

Data / Pred.

Mass-sensitive distributions
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Cross checks using the Z sample

Z boson events can be used to test the analysis techniques, calibration procedures, ...
Idea : reconstruct a Z event as a W, ie remove one lepton from the event and
reconstruct transverse mass, missing E_ as in W production

CMS Preliminary s=7TeV (4.7fb")
W-like_p, PDG . e m, (Fi
o Py i [ m*e-m; p‘T' e ATLAS o : Stzal. Uncertainty
= — Total unc. Vs=7TeV, 4.1-46fb — Full Uncertainty
o) == Stat. unc. AT = m, (LEP Comb.)
;_ m; —— I — Exp. unc. PT, Il - ¢ +?:LI|| Uncertainty
2 g — 1 — T ——
o (o ( my, Z- ¢'e o
©
o)
8 mT —— |:| ——— m; 7= u*u O
2
= g I my, 2 IT ¢
l 1 1 1 1 I 1 1 1 1 | 1 1 1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 L I 1
—150 -100 -50 0 WEISE ‘I|D(I:))(()3 150 91120 91140 91160 91180 91200 91220 91240
-like
Mke _ pEPG (Mev) m, [MeV]

Very useful exercise, but does not address several significant sources of uncertainty:
- experimental (W backgrounds; extrapolation of Z-based calibrations to W)
- W production model
15



Results

plLWry [T T e L T T T T T iy, (Partial Comb.)
p'T, W—Tv ATLAS ° =1 Stat. Uncertainty
WS | _ _ 1 — Full Uncertainty
PrWIv | Vs=7TeV, 41-46f0" — _____. — my, (Full Comb.)
mp, W—T'v ® Stat. Uncertainty
my, W—-Tv PA Full Uncertainty
my, W= v ®
s .
M Woey | T -
p'T W S ptv ®
mp Wty | __Tooi.- — _ e
me-p-, W= Iy el
mT-p'T, W=lv —
mT-plTl Wi_) Fv 1 1 1 I 1 1 1 I 1 1 | I 1 1 1 I 1 1 1 I 1 1 | I 1 1 1 I 1 1 1 I 1 1 | | 1
80280 80300 80320 80340 80360 80380 80400 80420 80440 80460

my, [MeV]

m, =80.370 £ 0.007 (stat.) £ 0.011 (exp.syst.) + 0.014 (mod.syst.) GeV
=80.370 £ 0.019 GeV

om,, (mod.syst) ~ 6 (EW) ® 8 (QCD) @ 9 (PDF) MeV
16



Results

pLWov [P et et T T T e my, (Partial Comb.)
p'T, W—Tv ATLAS ° =1 Stat. Uncertainty
|t 1 — Full Uncertainty
P W r:*v_ | Vs=7TeV, 41467 — _____. — my, (Full Comb.)
mp, W—T'v ® Stat. Uncertainty
my, W—-Tv PA Full Uncertainty
my, W= v ®
s .
M Woey | T -
p'T W S ptv ®
mp Wty | __Tooi.- — _ e
me-p-, W= Iy el
mT-p'T, W=lv —
mT-plTl Wi_) Fv 1 1 1 I 1 1 1 I 1 1 | I 1 1 1 I 1 1 1 I 1 1 | I 1 1 1 I 1 1 1 I 1 1 | | 1
80280 80300 80320 80340 80360 80380 80400 80420 80440 80460
m,, [MeV]

m, -m,  =-29+13 (stat.) £ 7 (exp.syst.) + 24 (mod.syst.) MeV
=-29 + 28 MeV




Standard Model consistency

m— B T I I | T T T T 1 T | I 1 I I | T T T I | 1 i

% - ATLAS — m,, =80.370 £0.019 GeV -

¢, 80.5r B m - 172844070 GeV

E; - ~---my = 125.09 £0.24 GeV -

80.45 w 68/95% CL of m,, and m,

80.4 -

80.35F -

80.3 == 68/95% CL of Electroweak]

i Fit w/o m,, and m, ]

» (Eur. Phys. J. C 74 (2014) 3046)

B 1 1 1 | 1 1 1 1 I | 1 | 1 | 1 1 | 1 1 1 1 I | ]
80.25=="96s 170 175 180 185

m, [GeV]

SM prediction for m, vs m,
assuming m_ = 125.09 + 0.24 GeV

| |
ATLAS ¢ my
=n Stat. Uncertainty
— Full Uncertainty
LEP Comb. PS 80376433 MeV
Tevatron Comb. Py 80387+16 MeV
LEP+Tevatron P 80385+15 MeV
ATLAS P 80370+19 MeV
Electroweak Fit _'8_0356i8 MeV
| | | |
80320 80340 80360 80380 80400 80420
m,, [MeV]

SM prediction for m,,, assuming

m, =125.09 £ 0.24 GeV
m, = 172.84 + 0.70 GeV
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Selected topic : boson p_ distribution

* Traditional approach : fit predictions to Z data, apply to W

- Pythia8 parton shower describes data best
- Z — W extrapolation uncertainty : mostly heavy-quark mass effects and PDFs

» For a more detailed discussion, cf talk by O.Arnaez tomorrow

1_|_| :l LI | T 11 | T T 11 l T T T 1 T 11 | T 1T T 1 l T T T 1T T 11 I: N 1.04_
'% 0.08- ATLAS —4 Data E Eg - ATLAS Simulation
) 0_073_\“S= 7TeV,4.7 b —¥— Pythia 8 4C Tune] © 1'03;_ s=7 TeV, pp— W*+X, pp— Z+X
o E pp—Z+X — Pythia 8 AZ Tune 1.025
O 006__ — L
B - ] 1.01
'8 0.05F - -
L : : 1
— 0.04;— B -
0035, E 0.99:
0025 E 0.985 LO PDF W* Total W*
- . = el VD — Tota
0.01 = 0.97¢ m. - LOPDFW  —Total W
:||||||||||||||||||||||||||||||||||||||||_ 0.96_|||||||||||||1||||||[|||||||||||1||||||
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
P [GeV]
pﬂ [GeV] T
Tuned agreement ~0.5% 1-2% additional uncertainty on

for p.Z < 30 GeV the prediction of do/dp_" 19



Boson p_ distribution

« Traditional approach : fit predictions to Z data, apply to W

- Pythia8 parton shower describes data best

- Z — W extrapolation uncertainty : mostly heavy-quark mass effects and PDFs

0.07

T

0.06
0.05

/o -do/dp_ [GeV]

1
o
o
=

0.03
0.02

0.01

CuTe NLO+NNLL
pp - W

- Vud

- Vus

30 40 50
Py [GeV]

Highlight in particular the role of the strange quark density, probed via W/Z cross section
ratios and W+c production

CuTe NLO+NNLL
pp — Z

[IIII|IIII|IIII|IIII|I

S=—1
— dd
— s§
— CC
b

10 20 30

p$ [GeV]
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WiGeV]'

1/ do/dp

Alternative : direct masurement

CMS

Unfolded measurement of the recoll p, distribution.

CMS :18.4 +-0.5pb?; u~4

Repeating these measurements would be useful:
Target : ~1% accuracy in ~5 GeV bins

Ideal sample : 100 pb?; u~1

Data taking would take about 1 week in Run2 conditions

18.4 pb" (8 TeV)

W
T

CMS 18.4 pb™ (8 TeV)
107" 3
102 T
10°° E
o4k W - v =
E + Data -
~ =
107° E \:| ResBos-P CT10 NNLL
E \:‘ POWHEG CT10 NLO
6 =
1 O EF \:I FEWZ CT10 NNLO
1 0—7 I L1l I 1 1 L1 1 111 I 1 1 111
1 10 10?2 Py [GeV]

Allows two important tests:
- Z — W extrapolation
- W*/W- distribution ratio

1 do
Sp

/

1do
o pZ

W
LI N I B

OON +

r Z o pu /W - v,

Data
ResBos CT10 NNLL

POWHEG CT10 NLO

FEWZ CT10 NNLO +
—

]

1 do
W+
() pT

w /

1 do
°p

10 102 Py [GeV]
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_L_IIIIIII|III|III|III|III||II
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0.2

CMS 18.4 pb™ (8 TeV)

T i

W — uv, /W — v,

+ Data
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Boson p_ distribution : ways forward

doyrue N 2-5% (NNLO+NNLL)
Jprt
~ 0.5% ® 1-2% ? (NLL!)

~1% ? (experimental)

Need progress!
(note : Tevatron counts no uncertainty here)

Need data — 100 pb* before the end of Run 2?

22



2011

2012

Inputs to the ATLAS analysis

2013

w

2014
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Summary

« Results

- First measurement of m,, at the LHC, by ATLAS : m,, = 80.370 + 0.019 GeV

* A competitive measurement, dominated by physics modeling uncertainties as expected
* One of the projects that ties the entire body of ATLAS data togethe
- Aresult from CMS is eagerly awaited — progressing well!

*  Perspectives

- World average : expect 11 — 13 MeV total uncertainty, depending on the correlations of PDF uncertainties
at the Tevatron and LHC

- Fantastic W and Z samples made available by the LHC at 8 and 13 TeV. Modelling uncertainties need
to be reduced in order to fully exploit these data.

 The path to om,,~5 MeV : modelling uncertainties

- Electroweak corrections well understood; complete mixed QCDXEW corrections are the next
theoretical milestone

- Bottlenecks on PDF uncertainties, given always more constraints from data?

— Boson p; distribution : need dedicated theoretical studies and a direct measurement!
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Back up
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Main systematic uncertainties

Channel mw Stat. Muon Elec. Recoil Bckg. QCD EWK PDF | Total
mrp-Fit [MeV] | Unc. Unc. Unc. Unc. _Unc. . Unc. Unc.
W+ — uv,|n| < 0.8 80371.3 | 29.2 12.4 0.0 15.2 8.1 9.9 3.4 28.4 47.1
W+ — ur,0.8 < |n| < 1.4 | 80354.1 | 32.1 19.3 0.0 13.0 6.8 9.6 3.4 23.3 | 47.6
W+ — uv, 1.4 < |n| < 2.0 | 80426.3 | 30.2 35.1 0.0 14.3 7.2 9.3 3.4 27.2 56.9
W+ — 1,20 < |n| < 2.4 | 80334.6 | 40.9 1124 0.0 14.4 9.0 8.4 3.4 32.8 || 125.5
W~ — pv,n| < 0.8 80375.5 | 30.6 11.6 0.0 13.1 8.5 9.5 3.4 30.6 48.5
W~ = ur,08 < |n| < 1.4 | 80417.5 | 36.4 18.5 0.0 12.2 7.7 9.7 3.4 22.2 49.7
W~ = uv, 14 < |n| <2.0 | 80379.4 | 35.6 33.9 0.0 10.5 8.1 9.7 3.4 23.1 56.9
W~ — ur,2.0 < |n| <24 | 80334.2 | 524 123.7 0.0 11.6 10.2 9.9 3.4 34.1 || 139.9
W+ —ev,|n| <0.6 80352.9 | 294 0.0 19.5 13.1 15.3 9.9 3.4 28.5 50.8
W+ —ev,0.6 <|n <1.2 | 80381.5 | 30.4 0.0 21.4 15.1 13.2 9.6 3.4 23.5 49.4
W+ —er,1,8 < |n| <24 | 80352.4 | 32.4 0.0 26.6 16.4 32.8 8.4 3.4 27.3 62.6
W~ = ev,|n <0.6 80415.8 | 31.3 0.0 16.4 11.8 15.5 9.5 3.4 31.3 52.1
W~ —er,0.6 <|n| <1.2 | 80297.5 | 33.0 0.0 18.7 11.2 12.8 9.7 3.4 23.9 49.0
W= —er,1.8 < |n| <24 | 80423.8 | 42.8 0.0 33.2 12.8 35.1 9.9 3.4 28.1 72.3
pT—Fit
W+ = uv,|n| < 0.8 80327.7 | 22.1 12.2 0.0 2.6 5.1 9.0 6.0 247§ 37.3
W+ — ur,0.8 < |n| < 1.4 | 80357.3 | 25.1 19.1 0.0 2.5 4.7 8.9 6.0 20.6 39.5
W+ — uv, 1.4 < |n| < 2.0 | 80446.9 | 23.9 33.1 0.0 2.5 4.9 8.2 6.0 25.2 49.3
W+ — ur,2.0 < |n| < 2.4 | 80334.1 | 34.5 | 110.1 0.0 2.5 6.4 6.7 6.0 31.8 || 120.2
W~ — uv,|n| < 0.8 80427.8 | 23.3 11.6 0.0 2.6 5.8 8.1 6.0 26.4 | 39.0
W~ = ur,08 < |n| < 1.4 | 80395.6 | 27.9 18.3 0.0 2.5 5.6 8.0 6.0 19.8 || 40.5
W~ — uv, 1.4 < |n| < 2.0 | 80380.6 | 28.1 35.2 0.0 2.6 5.6 8.0 6.0 20.6 50.9
W~ — ur,2.0 < |n| <24 | 80315.2 | 455 | 116.1 0.0 2.6 7.6 8.3 6.0 32.7 || 129.6
W+ = ev, ] < 0.6 803365 | 222 0.0 | 201 25 64 | 90 | 53 | 245 407
W+t —ev,0.6 <|n <1.2 | 80345.8 | 22.8 0.0 214 2.6 6.7 8.9 5.3 20.5 39.4
W+ —er,1,8 < |n| < 2.4 | 80344.7 | 24.0 0.0 30.8 2.6 11.9 6.7 5.3 24.1 48.2
W~ = ev,|n <0.6 80351.0 | 23.1 0.0 19.8 2.6 7.2 8.1 5.3 26.6 42.2
W~ —er,0.6 < |n| <1.2 | 80309.8 | 24.9 0.0 19.7 2.7 7.3 8.0 5.3 20.9 39.9
W~ —er,1.8<|n| <24 | 80413.4 | 30.1 0.0 30.7 2.7 11.5 8.3 5.3 22.7 51.0
Strongly Strongly In| comb. - ~14 MeV
correlated correlated W+/W- comb - ~8 MeV

Fit ranges : 32<p.'<45 GeV;,

66<m._<99 GeV, minimizing total expected measurement uncertainty
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Rapidity distribution

« Recent ATLAS and CMS results on W, Z cross section measurements:
- arXiv:1612.03016

* Integrated and differential measurements with sub-% precision

« High sensitivity to PDFs; critical to validate the predictions used for the m,, analysis

CMS,L=18.8fb'at s=8TeV
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Higher-order EW effects

* QED effects included in the simulation : ISR using Pythia8, and FSR using Photos

- Negligible uncertainty
* Missing effects

- NLO EW effects, evaluated in presence of QCD corrections. Available from
Powheg-EW and Winhac (uncertainties from the latter).

Impact on p; and m; distributions calculated in two schemes (o, G,); undertainty
defined from the largest effect

- QED emission of pairs : formally of higher order, but a significant additional
source of momentum loss

Decay channel W — ev W — uv
Kinematic distribution p‘pT mr p‘!’T mr
dmy [MeV]
FSR (real) <01 <01 <01 <0.1
Pure weak and IFI corrections | 3.3 2.5 3.5 2.5

3.6 0.8 4.4 0.81
19 96 56 2.6

FSR (pair production)
Total
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Angular distributions

Fully differential cross section for spin-1 boson production, to all orders:

do _ do
dmdy dp,dcos0dq dmdydp,

(1+c052€))+z A (m,p,,y)f.(cosO,qp)

how accurate is the theoretical description of the A, coefficients?

- eg. fixed-order and resummed calculations disagree, at least at NLO (ResBos)

- CMS 19.7 fo” (8TeV)
<o .:Hllll ST T l I[II: <N |
1 8oV, 203 1" = T £.00,0)=si0cos2 ;
0'8:_ : g?(tl:NLo (NNLO) ﬂg _: 08:_ E :ZA
:_ —a— POWHEG+MINLO Z+j ® _: : ‘ Q
0.6: 1 i .I - 06— g i
C f,(8)==(1-3cos’0) . . _ ] o |
0.4 2 - - - o
0ok s E 0.4F ¢ Data
s - . i o A MadGraph
OF R = 0.2[- e ¢ Powheg
_02_7”...| L ool . Ll | | |..: % ‘{t’ FEWZNNLO
1 10 o O 50 100 150 200 250 300
PrGeY] q. [GeV]
q,

The data validate fixed-order perturbative QCD, within the measurement uncertainties
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W candidate events
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W candidate events

e CMS Experiment at LHC, CERN
CMS % Run 133875, Event 1228182
§ Lumi section: 16
| Sat Apr 24 2010, 09:08:46 CEST
:

Muon p;=38.7 GeV/c

ME;=37.9 GeV

M+t =75.3 GeV/c?
/
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