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Introduction

e SM parameters - direct measurements
global fits

¢ Well measured

¢ Not subject of this talk

e Discussed here




Standard Model Parameters

Some parameters are constrained

but modified by high-order corrections




Direct measurements and glob

Gfitter  arXiv:1407.3792

mm Global EW fit
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Similar results in HEPfit

mm Indirect determination
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Parameter

Input value

Fit Result

w/o exp. input
in line

My [GeV](©)

125.14 +£0.24

125.14 +£0.24

93133

M, %4 [GeV]

80.385 + 0.015

80.364 + 0.007

80.358 & 0.008

2.085 £ 0.042

2.091 £ 0.001

2.091 £ 0.001

Mz [GeV]
r VA [GeV]
Ry
£
Ay
Ay ¥
Slnzaeﬁ: (QFB)

91.1875 £ 0.0021
2.4952 4+ 0.0023
41.540 £ 0.037
20.767 £+ 0.025
0.0171 4+ 0.0010
0.1499 4 0.0018
0.2324 4 0.0012

91.1880 + 0.0021
2.4950 4 0.0014
41.484 £0.015
20.743 £ 0.017

0.01626 + 0.0001
0.1472 4 0.0005

0.23150 £ 0.00006

91.200 +0.011
2.4946 £ 0.0016
41.475+£0.016
20.722 +0.026
0.01625 £ 0.0001
0.1472 £ 0.0005
0.23149 + 0.00007

0 1
-0)/ oy,

indirect

0.670 £ 0.027
0.923 £ 0.020
0.0707 £ 0.0035
0.0992 + 0.0016
0.1721 + 0.0030
0.21629 + 0.00066

0.6680 + 0.00022
0.93463 + 0.00004
0.0738  0.0003
0.1032 = 0.0004
0.17226 1330008
0.21578 £ 0.00011

0.6680 + 0.00022
0.93463 £ 0.00004
0.0738 £ 0.0003
0.1034 + 0.0004
0.17226 + 0.00008
0.21577 £ 0.00011

me [GeV]
my [GeV]
my [GeV]

Dy (ME)H4)

QS(Mg)

1.27+5:07

4201007
173.34 +0.76

2757 + 10

1.27+8.07

420007
173.81 £ 0.85(V)

2756 + 10
0.1196 + 0.0030

177.0+23(v)
2723 + 44
0.1196 + 0.0030

arXiv:1608.01509




Measurements discussed in this

e W mass

e ATLAS: arXiv:1701.07240

e W width
e CMS: JHEP 10 (2011) 132

e Forward-Backward asymmetry A, and sin?0
o CMS: CMS-PAS-SMP-16-007
e ATLAS: JHEP 1509 (2015) 49
e LHCb:JHEP 1511 (2015) 190
o CMS: CMP-PAS-FTR-17-001

and their possible future at the HL-LHC ...
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W production at LHC

e DO (Phys.Rev.Lett. 108 (2012) 151804
80.367 + 0.023 GeV

e CDF (Phys.Rev.Lett. 108 (2012) 151803
80.387 + 0.019 GeV

e In pp collisions at the LHC

e Events are distributed between positive and negative
helicity states - PDF uncertainty

e HF contribution (25% of events) - W p+

e 7/ can be used for different calibrations and for checks,
measurements can be performed in Z events and
transformed to W

¢ When going to HL-LHC - high PU up to 200 !




Main experimental observable

Lepton kinematics:

Recoil to transverse plain

i

Transverse momentum of neutrino

2miss __

Pt =~ (ﬁ% + ﬁT)

W-boson transverse mass

mr = A[2P5pm(1 - cos Ag)




Analysis strategy

In¢| range 0-0.8 0.8-14 14-20 2.0-2.4 Inclusive

W™ - u™v 1283332 1063131 1377773 885582 4609818
W-—>uv 1001592 769876 916163 547329 3234960

|n¢| range 0-0.6 0.6-1.2 1.8-2.4 Inclusive

W s ey 1233960 1207136 956620 3397716
W-—=ev 969170 908327 610028 2487525

The mass of W boson is defined from the fit to:

templates for signal+background for different W masses
are compared to data using y? - interpolation +
minimization of y2 function.




Calibration of electrons and muons ®

Corr. of imperfect simulation/calibration of detector response.
Applied to simulation/muon sagitta bias + electron energy - to data

e
-o-Data

> AL B B 3 °
2 ATLAS - S temat
O 60000 Vs=7TeV, 4.1 fb™ W Z— ww = yS e a .I C S
< T [JBackground I
S 50000 -
£ 40000 B | range (0.0,0.8]  [0.8,1.4]  [1.4,2.0] (2.008d]
o e Kinematic distribution & m £ m L m ¢
Lﬁ 30000 = ; [M v] p’r T p'[‘ T p'r T
= mw e
2 pa—
0000 3 Momentum scale 89 93 142 156 274 292
10000 = Momentum resolution 1.8 2.0 19 17 15 22
Sagitta bias 07 08 17 17 31 31
T 405k " " E Reconstruction and
,;l_’ ' s +++++ FTE PP C U SO = 2 isolation efficiencies 40 3.6 51 37 47 35 64
S ogsk * T E Trigger efficiency 56 50 7.1 50 118 91 121
g 80 82 84 86 88 90 92 94 96 98 100 Total 114 114 169 304
m, [GeV]
> T T T T T T T T T :
& 30000 ATLAS oD 2
is=7TeV, 46" -g*: W n¢| range [0.0,06]  [0.6,1.2] [1.82,2.4]
S 25000 []Backgroun: - . e g e . ¢ » ¢
E Kinematic distribution py mr py mpr py mp
© 20000 —E Smy [MeV)
2 45000 = Energy scale 104 103 108 101 161 17.1 81 80
w 3 Energy resolution 50 60 73 67 104 155 35 55
10000 E Energy linearity 22 42 58 89 86 106 34 55
5000 = Energy tails 23 33 23 33 23 33 23 33
- Reconstruction efficiency 105 88 99 78 145 11.0 72 60
T A KT W Identification efficiency 104 77 117 88 167 121 173 56
S AL O ST LY {1 Trigger and isolation efficiencies 0.2 0.5 03 05 20 22 08 09
S 0.95; oo AL Charge mismeasurement 02 02 02 02 15 15 01 01
5 80 82 84 8 8 90 92 94 96 98 100 Total 190 175 211 194 307 305 142 143

m, [GeV]




Recoil calibration

Event activity correction: Residual correction:

* Pile-up - Beam effects
. Transverse momentum Offset of IP

hadronic recoil

-
UT 2

gel
e Data R e Data
—— Z—u*u- (before transf.)

—— Z—p*u- (before corr.)
[ Z—>u*u- (after transf.)

Vs=7TeV, 4.1 fb" [ Z—p*u- (after corr.)

Vs=7TeV, 4.1 b

>
©
G
o
N
~
[2]
2
=
$
w

oom —
= E, [GeV] ¢ (u) [rad]

Data / Pred.
Data / Pred.

W-boson charge
Kinematic distribution
omy [MeV]
(u) scale factor
L Ey correction
Residual corrections (statistics)
Residual corrections (interpolation)
Residual corrections (Z — W extrapolation)

Total




W/Z production and decay sim
Reweighted Powheg + Pythia 8 MC

do- [da(m)‘ [ddy) tda(m 1) dcr(y) “

7
(1 +cos?8) + Y Aipr,y)P;(cosb,qd)
dp; dps dpr dy 2 AP )P

i=0

Decay channel
Kinematic distribution

[M‘ BW, EW corrections: QED FSR [

dm Pure weak and IFI corrections
FSR (pair production)

Total

7
[(1 +cos26) + ) Ai(pr, y)Pi(cosb, ¢)]

i=0

Low p, NP effects using Pythia 8 + AZ tune




W/Z production and decay sim

. . S oosfamias’ | Woma | AP F 4Farias | Homa 3

o F {s=7TeV, 4.7 fo" Pythia 8 4C Tune] 1.3F Vs =7TeV, pp—~Z+X, 4.7 1b" ; =

Validation of S o - Priag 40 Tune T T Pas Az Tung
kel . __ - C & 3

B c E 1A =

QCD parameters RS : | A
5 . - 004 3 0ok - E
in Pythia 8 - AZ —=
0.02:— _; 0‘72_ — _+_—f

tune. GOOd 0.01= 3 06f N
e s e s a0 a R e R

description of pr

p} [GeV]

Major uncertainty is PDF, second largest

- PS (see separated talks on PDF )

a URLLE ILELELE ELELELE BLALL L ALAL B B B B B I IR |

£ 700f ATLAS ) 3

W-boson charge Combined S 650 :E:MZ+')|'(9V, 461 E

Kinematic distribution p,i. mr pg mr pff mr 3 600 E

smw [MeV] 550 ==

Fixed-order PDF uncertainty 131 149 120 142 80 87 500 3

AZ tune 30 34 30 34 30 34 450 3

Charm-quark mass 12 15 12 15 12 15 400 3

Parton shower ur with heavy-flavour decorrelation 5.0 69 50 69 50 69 TR, E

Parton shower PDF uncertainty 36 40 26 24 10 16 3501 -+ Data (W) e

—+— Data (W")

Angular coefficients 58 53 58 53 58 53 300 2= precicton (CT10mnIo) ﬁ

Total 159 181 148 172 116 129 25052040608 1 12141618 2 8224

Events/ 0.5 GeV

PDFs, theory issues (inc. EW, ep/eA DIS option)

Speaker: Dr. Lucian Harland-Lang (University of Oxford)

Experimental Inputs to PDF fits

Speaker: Amanda Sarkar (University of Oxford (GB))
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ATLAs
(s=7TeV, 4.1fb"

88538

-o-Data

W= pv
[ Background
¥2/dof = 20/39
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" ‘e ‘m,, (Partial Comb.)
p'T, W—=[v ATLAS = Stat. Uncertainty
— Full Uncertainty

I W _ -1 |
PpW=Iv | Vs=7TeV,41-46f0" ——e— — m,, (Full Comb.)
My, W= 1v Stat. Uncertainty

Full Uncertainty

ATLAS e my
wew Stat. Uncertainty

— Full Uncertainty

LEP Comb. 80376=33 MeV

Tevatron Comb. ° 80387+16 MeV

e S S LEP+Tevatron @-80385:15 MeV

ATLAS | g-B0370:19 MeV

Electroweak Fit 80356+8 MeV

1 1 | 1
80320 80340 80360 80380 80400 80420
m,, [MeV]

mT'pT, W*— Fy PRI N B S RN NS S B |ﬂ7 PR N T T T (N SR S S NS SR N
80280 80300 80320 80340 80360 80380 80400 80420 80440 80460
my, [MeV]

combined result

my = 80369.5 +6.8 MeV(stat.) + 10.6 MeV(exp. syst.) + 13.6 MeV(mod. syst.)
= 80369.5 + 18.5 MeV,

Combined Value | Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total | x?/dof
categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. ofComb.

mT-pf‘r, W=, e-u | 80369.5 | 6.8 66 64 2.9 4.5 83 55 92 185 2927



W mass perspectives at the HL

Combined Value | Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total | x?/dof
categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc.  of Comb.

mr-pt, W=, e | 80369.5 | 68 66 64 29 45 83 55 92 185| 29027

Improvements in PDF uncertainties,
combination of ATLAS/CMS and LHCb




W width measurement

ALEPH — 2.14:0.11

] DELPHI P ——=—240+017
rw =230 GeV L3 '

-209GeV
—rw 188GeV 7

—— 2.18:0.14

Events/2 GeV

vy
=]
S

OPAL —-—-— 2.00:0.14

—.— 2.195+0.083
: x%/dot = 37/ 33

—
o.
w

2.033+0.064
2.061+0.068

2.046=0.049
x/dof=1.4/4

10% £

10-5; _ Overall average "~ 2.085:0.042
100 120 140 160 180 200 15 2.0 25

S. Malil 7PhD - CDF Mr (GeV) PDG  [IwiGeVl
Direct and indirect measurement on the W width

o(pp > WX) B(W — 4v)
R = op 5 ZX) BIZ S FI) B(W — £v) = 0.106 % 0.003

I‘(W—)EV
JHEP 10 (2011) 132




Forward-Backward Asymmet

e Vector and axial-vector couplings in NC annihilation
p * + p— 3
q9q — Z[y" - ¢ gl + ghvs)f

e Differential cross section

do dna? [3

- 2

d(cos 0) = 33 8A(l + COS 0)+Bcos€]

e Collins-Soper frame, the events are classified to forward
and backward in CS to calculate the A

OF — 0B

Agg =
O+ 0B




Effective mixing angle P-16-007

This measurement co
the W mass !

. -1
18.8 fb™' (8 TeV) > 10° 19.6fb™ (8 Te\g

R LA AL LA ——— , , ———————
s 'Fcms T 3 cms o3
- - L e e Yy = -

G Preliminary ofifle iy = .~ Preliminary e Bz
-~ 10° . i Dibosons  —| B 10° o . B Dibosons 3
§2} 08slY 1<1.2 o N . Jets E §2] E 08sIY |<12 o N . Jets 3
c . o Ly it tX 3 5 - " N o tt, tX ]

g o - i 10¢ - b

> 4 » .. > _E -, E_
o 10 e, E m o F ., :
."00... _ B "0... —
10° v e

-
o
N

-
o

O . ' ' ' — O
S 1.1 t S 1.1 E
~ 1 L ¢ m ~
5 st s
A8 OOy WG (o™ i WG e 6559 ] S 09Fibaa MC (st il VIC (stat 'sy8) tt
60 70 80 90 100 110 120 60 70 80 90 100 110 120
M, (GeV) Mee (GeV)

Arg 1S measurement near Z mass peak is used



Dilution of A,

L PYTHIAS
"I LONNPDF3.0
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Since ambiguity of
the quark direction
- 1S more
significant at low
ly|, the dilution of
Ar; is also larger
there -> the
NEENIGENENAS
done in bins of |y|

Ar;z PDF dependence;
near Z peak is
sensitive to leptonic
SN20 ¢

LHCb high rapidity - less
dilution between parton
and proton levels

m 0.6 ———T——T———T——T——
< 05F LHCb
0.4F p,>20 GeV }
E 2.0an<4.5
0.3:_ —_—
0.25— -
0.1F & —t— data Vs =8 TeV
ok o POWHEG + PYTHIA
: —+ (sin)' = 0.2315)
-0.1F
3 Jo——
0.2t

140 160
m,,, [GeV]

PR [ ST T S T ST S S N
0'%0 80 100 120



Effective mixing angle measur

CMS Preliminary 18.8 o (8 TeV) CMS Preliminary 19.6 o™ (8 TeV)
0'4""""""""""""""" oo IS e e I
°°°°°°°°°°°°°°°°° 8=lY 1<12 | 1.2=IY 1<16 | 1.6=IY 1<20 <LL 00 =IY_1<04 |04 =IY 1<08 |08=IY I<12 [12=IY 1<16 |16 =IY <20 |20 =I¥_l<24
i :

02— ﬁ %
i + ﬂ; )—rf ) i
—~Data ; & 7]
02 Fit + m

L1l RN NN Pt
= T T TTTT T TTT T T T T T T T T T T T T T T T T T T ] E— o T ]
L L. oosf + | * * =
' E . ] : SPUTT P UL U . SOV PRLEVOV o1 B A L
@ O ;*"“'**"+*«-'*++++w"~****‘*“""”+++*""*+++' ' {+ E @ O et et et i I ]’H ]
- : + f E = = ]
© _oo0sF = © ~005F i =
0 F ] = I PRI (P (P PR I | ]
70 90 110/70 90 110/70 90 110[70 90 110[/70 90 110/ 70 90 110 70 90 110/ 70 90 110/70 90 110|70 90 110/ 70 90 110|70 90 110

Mg, (GeV)

M,, (GeV)

Minimizing % between data and templates
POWHEG+PYTHIAS.

CMS reweighting with cos® , ATLAS - central-central, central
- forward etc categories




Uncertainties

statistical uncertainty

muon 0.00044 Statistical
electron 0.00060

000036

electrons
MC statistics 0.00015 | 0.00033

Lepton momentum calibration | 0.00008 | 0.00019 EXpe r] men ta l SySte m at] CS

Lepton selection efficiency 0.00005 | 0.00004
Background subtraction 0.00003 | 0.00005
Pileup modeling 0.00003 | 0.00002

0.00018 | 0.00039

model variation Electrons

Dilepton pr reweighting

QCD KBR/E scale . .
POWHEG MiNLO Z+ vs NLO Z model Theoretical systematics

FSR model (PHOTOS vs PYTHIA)
UE tune
Electroweak (sin? /%" — sin? 6% )
0.00015 | 0.00017




PDF uncertainty

Dcl¥,1<04 [04cI¥ 1208 |0Bel¥ 112 [12e¥ 1218 | 168<l¥ 1<20

" " S FUPULE L B
bsinzﬁw = +0.0004, £0.0008, £0.0012
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NNPDF3.0 uncertainty

0.005 & -~ .0 repli el ‘. - 0.005

|ITIITI

A Agg

|

~0.005 |—- 259 : SN N o e . ~0.005 IS -
S > iaes HEEEE N NN NN
70 90 11070 90 10|70 80 110/ 70 90 10|70 80 110/70 90 110

M, (GeV) M, (GeV)

without constraining PDFs | with constraining PDFs
0.23125 + 0.00054 0.23125 + 0.00032

0.23054 + 0.00064 0.23056 + 0.00045
0.23102 =+ 0.00057 0.23101 =+ 0.00030




xperimental summary:

sin? 6P = 0.23101 = 0.00036(stat) = 0.00018(syst) = 0.00016(theory) = 0.00030(pdf)
sin® 67" = 0.23101 = 0.00052.

T T T T '
CMS ee+up —— 0.23101 = 0.00052

Preliminary

M 19.6 b ~
e o0 19.610 0.23056 = 0.00086
-1 I —
CMS un 18.8 10 e o— 0.23125 = 0.00060

Preliminary

LHCb puu 3 fb™ *— 0.23142 = 0.00106

ATLAS ee+up 4.8 b

0.23080 = 0.00120

DO ee 9.7 fb™ e 0.23147 =+ 0.00047

CDF ee+up 9.4 fb™ e 0.23221 = 0.00046

SLD: A —O0— 0.23098 = 0.00026

LEP + SLD: Ay —o— 0.23221 = 0.00029

LEP + SLD 0.23153 = 0.00016

L 1 .
0.23 0.231 0.232 0.233

.o lept
Sin“6

Statistical uncertainty still dominate, followed by PDF, that was reduced
by reweighting by 50% .

Experimental uncertainties are relatively small , theoretical are
dominated by QCD/scales



Effective mixing angle at HL-I

CMS Phase-2 Simulation Preliminary
I I | | | | | | [ | | | | |

04=<IlY |<08 | 08=lY I<1.2 12=<1lY 1<1.6 16=<1lY 1<20 20=<lY I<24 24 <1lY 1<287]
m i i i u u

ki R

m 0.25
[T

<

0.2

Il
| 1

J
o
"
>
A
o
=N

||I|£IIII|IIIIIIIII|IIII|I
v

+||¢|||||||

0.15 *
w .
o
0.1 o +0
E 2
mO o O -

0.05

oo g,
||||||||I|||||i||||||||||

g L3 .
-0.05 = A f:’-ﬂ- @ | o
- —=— 8TeV, 19fb", <24 k M e
ot | —o— 14TeV, 3000 fo, i < 2.4
[ —e— 14 TeV, 3000 fb™, ml <2.8
[PV T T N N N || || || ||

70 90 110 70 90 110 70 90 110 70 90 110 70 90 110 70 S0 110 70 90 110

M, (GeV)

CMS: CMP-PAS-FTR-17-001



Effective mixing angle at HL-LHC

CMS: CMP-PAS-FTR-17-001

Liv | bauil10°7) SO0 | o107

(Y | |7 <24 || <28 ||y <24 |y]<28]|y <24 |y]<2.8
10 76 51 75 57 39 29
100 24 16 75 57 27 20
500 11 7 75 57 20 16
1000 8 5 75 57 18 14
3000 4 3 75 57 15 12

19 43 49
19 (from [1]) 54

CMS Phase-2 Slmulatlon Preliminary

nl <2.8
—e— Statistical —o— Statistical
—e— NNPDF3.0 nominal —&— NNPDF3.0 nominal
—e— NNPDF3.0 constrained —&— NNPDF3.0 constrained

102




Conclusions

e HL-LHC should allow for extremely precise
measurements of the SM parameters

e The measurement should profit from extending of the
pseudorapidity coverage of the experiments

e More work is needed to make a reasonable estimate of
the possible measurements uncertainties







Effective mixing angle

ATLAS: JHEP 1

* A Vs mass for different sinB . in region 70-250 Ge
« Only 7 TeV with 4.8 fb'

sin? Oelépt

CC electron | 0.2302 2]0.0009(stat.)|= 0.0008(syst.) = 0.0010(PDF) = 0.2302 + 0.0016 |
CF electron 0.2312 H0.0007 (stat. )|+ 0.0008(syst.) + 0.0010(PDF) = 0.2312 + 0.0014
Muon 0.2307 H0.0009(stat. )| 0.0008(syst.) £ 0.0009(PDF) = 0.2307 £ 0.0015
El. combined | 0.2308 H0.0006(stat.)|= 0.0007(syst.) £ 0.0010(PDF) = 0.2308 £ 0.0013
Combined 0.2308 H0.0005(stat. )|+ 0.0006(syst.) & 0.0009(PDF) = 0.2308 &+ 0.0012

ATLAS, e CC
ATLAS, e CF
ATLAS, n
ATLAS combined

Compared to other oMS
experiments and PDG. %0

CDF

LEP+SLC are the most LEP, A%D
. LEP, A7}

precise SLD, A,

LEP+SLC

PDG Fit




CMS Preliminary 18.8-19.6 fb™ (8 TeV) CMS Preliminary 18.8-19.6 fb™ (8 TeV)

Muon Muon
Electron Electron

Combined Combined

18.8fb™ (8 TeV) CMS Preliminary
CT10 CT10
NNPDF(1000) NNPDF(1000)
MMHT MMHT
CT14 CT14
NNPDF(100) NNPDF(100)




Direct measurements and glob:

Measurement HEPfit result

m, world comb. = 1o
68% and 95% CL contours - m,=173.34 GeV
"I fit w/o M, and m, measurements -- 0 =0.76 GeV )
fit w/o M, m_and M, measurements — o =078 ©0.50,,;GeV

© direct M, and m, measurements

arXiv:1407.3792

M,, world comb. = 1o

Gfitter M,, = 80.385 = 0.015 GeV




Introduction

e EW motivation at LHC:
e Cross sections, better understanding of SM predictions

e Backgrounds for searches

68% and 95% CL contours sin?(e},,) LEP+SLC 1o
I direct M, and sin?(6,) me suremen 'S

B fitw/o MW (efﬂ) dZwldihsmesure en

fit w/o M,,, sin (9.") and M, measurements
ttw/on sin’(0],), M, a dzmmhs easurements

0.2308 0.231 0.2312 0.2314 0. 2316 0. 2318 0.232 > 0.2322
sin(6L,)

® Provide critical tests of SM (NNLO QCD and NLO EW predictions
are available)

e Require precise understanding of different sources of
experimental uncertainties, both experimental and theoretical




Az measurement with di-muc
di-electron events 2016) 325

19.7fb" (8 TeV) 19.7 fo™ (8 TeV) 19.7 fo™" (8 TeV)

> >

vl < 2.4 vl < 2.4 ) 24<ly<5
—=—Data g —+—Data —+—Data

Ziy*—sup %! Zly*—ee @0 Zly*—ee
B ww, wz, 72z ww, wz, zz [ Dijets
B, tw, Tw B, W, Tw [ Inclusive W
1 Zy* e w 2> B wWw, Wz, 77
[ Dijets [T Dijets B, W
[ Inclusive W 7 Inclusive W [ Ziy*—>te

200 300 1000 2000 100 200 300 1000 2000 100 200 300 1000 2000
M(up) [GeV] M(ee) [GeV] M(ee) [GeV]

19.7 b (8 TeV)

CMS ® Data
133 < M(uu) < 150 GeV, lyl < 2.4 Z/y*—un POWHEG
[ Total background

Arg is measured as a function of
dilepton mass in bins of
pseudorapidity

-08 -06 -04 -02 0 02 04 06 08 1
COSGCs




Az measurement with di-muo
di-election events 2016) 325

19.7 b (8 TeV)

15<lyl<2.4
® Data
[ POWHEG

1000 2000 200 300 50 60 70 80 90100
M [GeV]

« Wrt 7 TeV CMS Az measurement is extended to high |y|
- closer to parton-level asymmetry ;
* Predictions describe well the measured values




Effective mixing angle at LHCb

« Di-muons in region 60-160 GeV,
« 7TeV (1 fb') + 8 TeV (2 fb")

high rapidity - less dilution between parton and proton

SE LHCb - fe=TTev

pp20Gev W el B % F O\ fs=8TeV
. 2.0<n<4.5 ¥ :

B

—}— data Vs =8 TeV

POWHEG + PYTHIA
(sin®6f]' = 0.2315)

1 . 3 .
80 100 120 140 160 0228 0.229 023 0.231 0.232 0.233 0.234 0.235
mup. [GeV] Sll‘lze:vﬁ

sin?6S! = 0.23142 4 0.00073 £ 0.00052 =+ 0.00056

Uncertainties: stat (will improve with more data); theo (will
improve with PDF) -> measurement most precise at.LHC !




Compatibility in context of t
global fit

1 l L) L I Ll I Ll 1 Al I I I |
=~ m,, =80.370 = 0.019 GeV
Bl m=17284 + 070 GeV -

m,, = 125.09 + 0.24 GeV

“ 68/95% CL of m,, and m, —

w 68/95% CL of Electroweak]

Fitw/om,, and m,
(Eur. Phys. J. C 74 (2014) 3046)
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m, [GeV]
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Comparison to other experime

T T [ J My,
< Stat. Uncertainty

— Full Uncertainty

ALEPH

DELPHI

LEP Comb. ° 80376+33 MeV

Tevatron Comb. PY 80387+16 MeV

LEP+Tevatron Py 8038515 MeV

ATLAS - @-80370:19 MeV

® Measurement
ww Stat. Uncertainty

— i —I— Electroweak Fit 80356+8 MeV
ATLAS W* L FIu". Lj.n?eftallnt.y PRI PRI IR SRR N SRR R | | | |
80250 80300 80350 80400 80450 80500 80320 80340 80360 80380 80400 80420

my, [MeV] m,, [MeV]

The result is compatible with the current world average
and similar in precision to the currently leading

measurements



Fitted distributions, consistenc
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Effective mixing angle results

CMS Preliminary 18.8-19.6 fb™' (8 TeV) CMS Preliminary 18.8 fb" (8 TeV)
CT10
NNPDF(1000)
Electron MMHT
CT14
Combined NNPDF(100)

Muon

sin? 6P = 0.23101 = 0.00036(stat) = 0.00018(syst) = 0.00016(theory) = 0.00030(pdf)
sin® 6F" = 0.23101 = 0.00052.

Statistical uncertainty still dominate, followed by
PDF, that was reduced by reweighting by 50% .
Experimental uncertainties are relatively small ,
theoretical are dominated by QCD/scales




Effective mixing angle at HL-
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