Precision W,Z Measurements

at Colliders

Rencontre de Blois, Mai 2017

Kristof Schmieden, on behalf of the
ATLAS & CMS collaborations

kristof.schmieden@cern.ch



mailto:kristof.schmieden@cern.ch

Introduction - Precision Measurements in SM

* Why do we perform precise measurements of standard model processes?

* Challenge theoretical calculation on most precise level!
* ook for deviations from standard model predictions

e Consistency in the EWK sector
* Potential for finding evidence of physics beyond the standard model

e Study QCD and EWK interactions at extreme regions of phase space
* Use high energy collisions

Experimental precision needed to challenge theory calculations: < few %

— achieved at hadron colliders —
e B ammmmm
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Introduction - Precision Measurements in SM

* Why do we perform precise measurements of standard model processes?

* Challenge theoretical calculation on most precise level!
* ook for deviations from standard model predictions

e Consistency in the EWK sector
* Potential for finding evidence of physics beyond the standard model

e Study QCD and EWK interactions at extreme regions of phase space
* Use high energy collisions

* Which prediction to compare to: See talks by

Fabrizio Caola and
 State of the art Matrix Element calculations (NNLO) Peter Richardson

* Non-perturbative QCD, Resummation, Parton Shower | )

* PDFs

Experimental precision needed to challenge theory calculations: < few %

— achieved at hadron colliders —
- EEea
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* VVector Bosons + jets &
ttbar:

* next talk by Fabio
Cossultti

* Multi-boson & EWK
Boson production results

covered in parallel session:

* Higgs + Top + EW
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Content

b ———— _
e \V Mass measurement See Tai-Hua Lin’s talk on
ATLAS W mass measurement
e —ttamssmmyT
* Single Boson cross section measurements
* Inclusive & differential
o See Fabio Cossutti’s talk on
Impact on PDFs tests of QCD @ colliders

* Angular distributions
* Z Forward Backward asymmetry
* \Weak mixing angle

* Z Angular Coefficients / Z Polarisation

* Summary
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W mass @ LHC

&

poo— ﬁ,f arXiv:1701.07240 -
Mt . e Current SM predictions:
2(1 m%v] - (1%9/ Amw = 8 MeV
miy, |1 - —|= + Ar) o
"Uomy ) Va6, L8 |
M e Extremely challenging measurement
e Sensitive probe of SM EWK sector * Relies on previous W,Z precision
measurements!

e Sensitive to EWK corrections and
modeling of boson kinematic
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W mass @ LHC

b ——— @;— arXiv:1701.07240
UL . e Current SM predictions:
5 X y v Amw = 8 MeV
m
T
m%v(1——vzv]: (1+ Ar) _
m2 e Extremely challenging measurement
* Sensitive probe of SM EWK sector * Relies on previous W,Z precision
measurements!
e Sensitive to EWK corrections and
modeling of boson kinematic AN I AL ]
© | _
g 0.0 {s=7 TeV, Powheg + Pythia 8, W’ ~
* PDF for simulation chosen by 7TeVW,Z = (ot . CT10. full -
Inclusive cross section measurement = - — CT10, p’-constrained 1
0.006— -
* pt4 constraint from measurement vooabe L E
* Uncertainty on spin correlations from 0.002 -
8 TeV Z - polarization measurement 0 ]
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W mass @ LHC - Result

p —

(1 + Ar)

" V3G, L,

my = 80370+ 7 (stat.) £ 11 (exp. syst.) + 14 (mod. syst.) MeV

= 80370 = 19 MeV,

m2\  ra mtX&/m
%)

H

m-

&

= _arXiv:1701.07240 —

@

nepr-p

e Current SM predictions:

Amw = 8 MeV

 Sensitive variables: pt' & mr

* Pushed precision of lepton &
missing energy calibration to
unprecedented accuracy

* Good agreement between hadron
collider measurements

ALEPH

DELPHI

ATLAS W*
ATLAS W~

ATLAS W*

® Measurement
== Stat. Uncertainty

— Full Uncertainty —?—
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Source ¢ | argest uncertainties:
pT mT
QCD modeling 11.6 12.9
e: E scale, eff 142 | 143
u: pT scale, eff 9.8 9.7 * Electron experimental
Recoil corrections 2.6 13.0 uncertainties
EWK corrections 5.6 2.6
Precision test for S T T Rl L S
- O - ATLAS —my, = 370 = 0. eV
consistency of.standard S 8051 B 172845070 Gov —
model: 5 . m, = 125.09 = 0.24 GeV |
R EE— “w | _
For more details: 80.45— = 68/95% CL of m,, and m; —
See talk by Tai-Hua Lin, B
today @ 16:50h 80.4—
80.35}
80.3 :_ ________ 68/95% CL of Electrowealé
- Fit w/o m,,, and m, 7
— (Eur. Phys. J. C 74 (2014) 3046)
B 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 B
80.25 165 170 175 180 185
m, [GeV
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W-like positive

W-like negative

o
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my

E;

Source

QCD modeling

e: E scale, eff

u: pT scale, eff 9.8 9.7
Recoil corrections 2.6 13.0
EWK corrections 5.6 2.6
Precision test for ~
consistency of standard 3 80.5
model: =
For more details: 80.45
See talk by Tai-Hua Lin,
today @ 16:50h 80.4
CMS Preliminary \s=7 Tev (4.7 b ")
B —— .
— - CMS also working 80-35
' ) on W-mass
—p— measurement 80.3
—— DR s———————
|—+— | [ CMS-PAS-SMP-14-007 80,5
MWIk

0 100 15( T,
) -like _ MZPDG (MeV) CMN
e
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¢ | argest uncertainties:

* Electron experimental
uncertainties

|IIII|IIII|II

T T T l T

ATLAS

T T T

T T

= my, = 80.3|7O +0.019 éev N
Bl m=17284+070 GeV -

m, = 125.09 = 0.24 GeV
s 68/95% CL of m, and m,

III\I|IIII

PR
.”
-

.”
-
-
-

| | | l |

68/95% CL of Electroweak]

Fit w/o m,, and m, 7]
(Eur. Phys. J. C 74 (2014) 3046)
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W.Z Boson inclusive & differential

Cross sections




W,Z - Boson Inclusive x-Section @ 7 TeV <)

}—ﬂs_,__.: I e
* Measurement of the total & dlfferentlal productlon Cross sectlons
. & Muon final states

arXiv:1612.03016

Wb |nd <2.5
o Z —»U. |Yy <3.6, three binsin mg

* Total production cross sections:
Lumi: 1.8%, exp. sys: W: ~1%, Z: 0.4%

ot ., [pbl total unc.:
WT —/¢Tv 6350 £ 2 (stat) £ 30 (syst) &= 110 (lumi) % 100 (acc) 2.4%
W W= = /(v 4376 £ 2 (stat) = 25 (syst) &= 79 (lumi) 4 90 (acc) 2.8%
- W — tv 10720 + 3 (stat) = 60 (syst) &= 190 (lumi) =+ 130 (acc) 2.2%
O-tZO/tW « 00 [PD]
y4 Z/y* — 990 + 1 (stat) + 3 (syst) £ 18 (lumi) + 15 (acc) 2.4%
.
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W,Z - Boson Inclusive x-Section @ 7 TeV <)

}—ﬂs_,__.: I e
* Measurement of the total & dlfferentlal productlon Cross sectlons
. & Muon final states

arXiv:1612.03016

Wb |nd <2.5
o Z —»U. |Yy <3.6, three binsin mg

* Total production cross sections:
Lumi: 1.8%, exp. sys: W: ~1%, Z: 0.4%

ot ., [pbl total unc.:
WT —/¢Tv 6350 £ 2 (stat) £ 30 (syst) &= 110 (lumi) % 100 (acc) 2.4%
W W= = /(v 4376 £ 2 (stat) = 25 (syst) &= 79 (lumi) 4 90 (acc) 2.8%
- W — tv 10720 + 3 (stat) = 60 (syst) &= 190 (lumi) =+ 130 (acc) 2.2%
O-tZO/tW « 00 [PD]
y4 Z/y* — 990 + 1 (stat) + 3 (syst) £ 18 (lumi) + 15 (acc) 2.4%

* Dominating uncertainties (syst):

e Signal modeling el. (W) 0.7%, Zorward 1.1%
* Experimental:

* Multijet BG estimate (W only) <0.7%

e Reconstruction efficiency ~ 0.2 %

* Transverse momentum scale (W) ~0.2 %
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W,Z - Boson Inclusive x-Section @ 7 TeV <)

bmz_,__f I e
* Measurement of the total & dn‘ferentlal productlon Cross sectlons
. & Muon final states

arXiv:1612.03016

Wb |nd <2.5
o Z —»U. |Yy <3.6, three binsin mg

* Total production cross sections:
Lumi: 1.8%, exp. sys: W: ~1%, Z: 0.4%

ot ., [pbl total unc.:
WT —/¢Tv 6350 £ 2 (stat) £ 30 (syst) &= 110 (lumi) % 100 (acc) 2.4%
W W= = /(v 4376 £ 2 (stat) = 25 (syst) &= 79 (lumi) 4 90 (acc) 2.8%
P W — tv 10720 + 3 (stat) = 60 (syst) &= 190 (lumi) =+ 130 (acc) 2.2%
O-tZO/tW « 00 [PD]
y4 Z/y* — 990 + 1 (stat) + 3 (syst) £ 18 (lumi) + 15 (acc) 2.4%

* Dominating uncertainties (syst):

e Signal modeling el. (W) 0.7%, Zorward 1.1%

* Experimental: 4.6 fb" @ 7 TeV CME
* Multijet BG estimate (W only) <0.7% e 20 M W candidates
* Reconstruction efficiency ~0.2% e 3MZ candidates

* Transverse momentum scale (W) ~0.2 % ———
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Z Boson - x-Sectlon in forward region @ 13 TeV E
p— B ”'“* - m JHEP 09 (2016) 136

* Acceptance in forward region:
° , pt > 20 GeV
* 60 GeV <my <120 GeV

Source Aot (%] Ao %)
Statistical 0.5 0.9
Reconstruction efficiencies 2.4 2.4
Purity 0.2 0.5
FSR 0.1 0.2
Total systematic (excl. lumi.) 2.4 2.5
Luminosity 3.9 3.9
stat. sys. lumi. total unc.:

, ==

ob"=198.0+0.9 %4 NG
, o, =190.2 £ 1.7+4.7+ 4.7%
7 =1943- 4.3%
e .

1.7% experlmental uncertlnty'
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Z Boson - x-Section in forward region @ 13 TeV E

——CMIS, =
}i\ \ CMS-PAS-SMP-15-004 m JHEP 09 (2016) 136

o

%/

7z

* Acceptance: * Acceptance in forward region:
. , pT> 25 GeV . , p1>20 GeV
e 60 GeV < my < 120 GeV * 60 GeV <mg <120 GeV
Source Aot (%] Ao %)

§  Statistical 0.5 0.9

<stat. Sys. Ium| total unc " |

o(W*) =11370 +50+230+550pb 5.3% | Reconstruction efficiencies 2.4 2.4
o(W-) = 8580 +50+160+410pb 5.2% Purity 0.2 0.5
| FSR 0.1 0.2
o(2) = 1910 +10+40 + 90pb 5.2% | Total systematic (excl. lumi.) 2.4 2.5
o { Luminosity 3.9 3.9

stat. sys. lumi. total unc.:

* Dominating uncertainties: T

| (f%e — 1902+ 1.7+4.7+ 4.7%
* Lepton Reco: 2%
e Theory: 1.5% | UZ = 194.3 - 4.3%

1.7% experlmental uncertlnty'
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W,Z - Boson Inclusive Cross-Section @ 7 TeV

&

Predictions:

* NNLO QCD using DYNNLO
* NLO EWK corrections using
* PHOTOS (QED FSR)

Kristof Schmieden

* MCSANC (other)

3 I I | I I I | I I I | I I I | I
= - ATLAS \s=7TeV, 461"
S N i
o FED2| ® Dat ]
HT - % ABM12 .
o - 9p CTi4 T
© (O HERAPDF2.0 |
O ¢ R4 N
/A MMHT2014 ]
| Y¢  NNPDF3.0 ]
4.8 - -
- 68% CL ellipse area .

46 B @ | stat ® syst uncertainty

: stat @ syst @ lumi uncertainty :

L L

| | | | | |
0.46 0.48

0.5 0.52

J7 | arXivi1612.03016 = 0%, _, py [ND]
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W.Z - Boson Inclusive Crostin @ 7 TeV @

}T‘ﬂs———t = S
: Predictions: :
e Ratio of a(W) / o(Z) * NNLO QCD using DYNNLO
* Luminosity uncertainty cancels * NLO EWK corrections using
* Exp. uncertainties cancel * PHOTOS (QED FSR)
partially due to correlations * MCSANC (other)
3 I I | I I I | I I I | I I I | I
e Comparison to current PDFs yields & [ ATLAS ls=7TeV, 46" -
Interesting tension: i 5oL e Data |
+|/|\ ~ *  ABM12 7]
* All considered PDFs yield larger 2= - dp CT14 1
W/Z cross section ratios than © " O HERAPDF20 -
measured S o i ]
—— —— /A MMHT2014 il
ATLAS - Y% NNPDF3.0 i
\s=7TeV,4.61 48 - ]
—— Data b — =
stat. uncertainty B |
I total uncertainty . O - i 68% CL ellipse area i
*  ABM12
w CT14 = 46 B @ | stat ® syst uncertainty
(3 T:EAPDFZ'O : A : : - stat @ syst @ lumi uncertainty :
A MMHT2014 I T R S R N I R
- % NNPDFaO | H*T' | 0.46 0.48 0.5 0.52
! ! ! | | | | | | | | L L L | N\
A - fid i
92 94 96 958{;3,1 Fm/"fid/ *10-2”_ %k arXiv:1612.03016 Oz, _ iy [ND]
— |7V y — S
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W.,Z - Boson Incluswe Cross Sectlon

}m

* Test of lepton unlversallty for 1St

and 2"d lepton generations:

=

>1.05 l
. =- . ATLAS .
* [n good agreement with ! (S =7 TeV. 4.6 fb°
Standard Model o2 i . i
[ [] [ \
* Precision on Rw improved w.r.t. 2
(0]
LEP result! 1
* Rw=0.997 £ 0.010 i
B
I . :
CE; - -
- Data
JC. IP?hI:S.G34, 2457 (2007) ™ 1.018+0.025 i - Ry LEP e'e > WW |
gfizr)l.Phys.c,38,o90001 (2014) v 1.1230.126 095 B - RZ LEP+SLD e+e' — 7/ N
]1;}55) éecpgrsgg,irllfgm (2013) il 1.007+0.019 i O Standard Model |
ATLAS -0~ 1.006+0.024 i | |
Phys. Rev. D85, 072004 (2012) — P 0.99740.010 ' ' '
LHCb W O 1.020+£0.019 095 1 1 05
LHCb W+ HOH 1.024+0.019 RZ - Gfid/y — @ e / Ofid/»Y — M M
LHCb W HO- 1.014+0.022
JHEP10(2016)030 708 090 1 1.1 12 13 Rz =1.0026 £ 0.0050
B(W — ev)/B(W — uv)
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WZ Boson leferentlal Measurements - Rapldlty C

. Predlctlons . NLO pQCD using FEWZ 3.1 . NNLO QCD using DYNNLO

e LO EWK * NLO EWK corrections using
e PHOTOS (QED FSR)
* MCSANC (other)

N/ . arXiv:1612.03016
s
E 1 60 _— T T T | T T T T | T T T T | T T T T | I- T —_
L2 - ATLAS Z/Y* N -
—_ — _ -1 -
=T 140 's=7TeV, 461 66 <m, <116 GeV —
O *$ *$ *$ o OR _
B oA A AN A Y OA**T;J Py, > 20 GeV .
S 120 *ﬁé@* ml<2.5 —
B T ]
0
HCD. JHEP 09 (2016) 136 100y E
s [ _
PHED 2016  Exp.unc.<1% = :
o L7E™ N L B B 80 [ IE—— e —
& 16:_LHCb\G 13TeV E — -
% T E Muon - Statistical Uncertainty 4 CTi4 = ~ ® Data ﬁ.égg H
6“ N 15 Muon - Total Uncertainty ¥ NNPDF3.0 — 60— * ABM12 ]
'U\L%‘ 14 E_ ssisss Electron - Statistical Uncertainty ¢ MMHTI4 _E ~ <b CT14 H
~ "E [ Electron - Total Uncertainty 3 — O HERAPDF2.0 e
b| o = = 40— ' —
3|5 1.3E E - O JR14 . 7
: o oy ooty
1L1E % 5 = 20 IR NNPDF?-O luminosity excluded (= 1.8%) I ]
¢ = T+ttt
| % ¥ %@W gg—%%%ﬁé | : L[g—: £ 1.05F | | | | 3
09 — — 5 = ) e $ ¥ IR A LT :
= = B = = ok RN
08 E EXp unc. <7% 2 = §0-95“+4¢+0++°¢ ‘M *Jf ’*’fﬁ ¥ | -
E l[ I - | -l I—I I I I I I I I E m | | | | | | | | | | | =
0-7,~ 25 3 35 4 45 = 0 0.5 1 1.5 2 ly |
y I
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WZ Boson leferentlal Measurements - Rapldlty C

. Predlctlons . NLO pQCD using FEWZ 3.1 . NNLO QCD using DYNNLO

e LO EWK * NLO EWK corrections using
e PHOTOS (QED FSR)
* MCSANC (other)

* Experimental uncertainties < Theory uncertainties!

e for central rapidities £)a .
S
E 160 _— T T T | T T T T | T T T T | T T T T | |- T |—_
S [ ATLAS | Zi* T
>= 140~ 's=7TeV, 461 66 <m, <116 GeV —|
= _CS— : — _
% + P “#’ Py ‘?’ OAak 4 oA % OA**.#E!’OA P, >20 GeV |
T 120 — *Téw iy | <2.5 —
B o _
¥ %
HCR JHEP 09 (2016) 136 0. E
[ ) - —
PHED 2016  Exp.unc.<1% = :
21.7: L B L I = 80_‘”’; — ]
k& 16:_LHCb\E 13TeV E - _
% T E Muon - Statistical Uncertainty 4 cCTI4 3 ~ ® Data ﬁ,é‘?g 7
6“ N 15 Muon - Total Uncertainty % NNPDF3.0 — 60 L % ABM12 |
'U\L%‘ 14 E $82%% Electron - Statistical Uncertainty ¢ MMHTI4 E ~ <& CT14 7
b>\ « F [Z] Electron - Total Uncertainty = O HERAPDF2.0 e _|
“1'5? 13 E 07§ i . ]
= R = — —+— Uncorr. uncertainty -
L2 - 2 = - A MMHT2014 Total uncertainty =
1.1 '_ % % ?3:3?2:3:3 — 20 - * NNPDF3 0 Ium|n03|ty excluded 1 8/ __
O % 1 om
1 % ¥ U e gg%%%ﬁé | % (RE = 1.05; : ! ! !
09 F B - - oA <>¢ YN
= =N : S Y, + f% ¥ **ﬁ** ¥
08 Exp unc.< 7% | | = 5’095%4&0*‘?’% M + +
= PpEs——————— . . = ()
075 25 3 35 4 45 — 0.5 1 1 '5 2 ly |
y Il
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WZ Boson leferentlal Measurements - Rapldlty E

o Predlctlons . NLO qQCD using FEWZ 3.1 . NNLO QCD using DYNNLO

e LO EWK * NLO EWK corrections using
——e e PHOTOS (QED FSR)
* MCSANC (other)

(\?i?

- Comparison to various PDFs:
|
!

* Predicted cross section too low for |n| < 2.7 | arXiv:1612.03016

nrpr-p

0.5 1 1.5 2

N

25 3 3.5 S

il r— 160 — T T T | T T T T | T T T T | T T T T | T T —
. : () B ] i
* Consistent between experiments = - ATLAS | Z* =TT -
> 140 \s=7TeV, 461 66 <m, <116 GeV —
| ©; —$——$——$——$—_$_ -
I I | 20 GeV .
* Discrepancy in shape B o o Yo o, W T Pr, > ]
- p y - ,p | T 120 — % 5 #ﬁ%* |7]|| <25 —
B e _
%
100 — —]
% JHEP 09 (2016) 136 - é -
o b _
< 17 - rr T T LI B B | 1 T 1 ] | ]
& = LHCb (5= 13 Tev | | | . 80 ]
% 16 E_ Muon - Statistical Uncertainty A cTi4 _E ~ ® Data ﬁéég g
6'\ N 15 Muon - Total Uncertainty % NNPDF3.0 — 60— * ABM12 |
'O\L% 14 E_ $ss88% Electron - Statistical Uncertainty ¢ MMHTI14 _E ~ <% CT14 7]
6\|_\ JE [ ] Electron - Total Uncertainty = 40 O HERAPDF2.0 e _
<is 13F E L 0 JR14 ]
o o +
1.1 :_ % ?‘:‘2?33:0 —z 20 L * NNPDF3 0 Ium|n03|ty excluded 1 8/ __
B %g%ﬁﬁ R W | N g 1058

09E — — — i3 = Q 1 H_FA’—%_%‘A_MA T
- = B E S 4 + a% Y W L

0sE R E gogwéﬁoﬁg M + +

S B L. | L 3 Q
0. 72 1 I_E
y

ly |
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W,Z - Boson Differential Measurements - Rapidity

P
* \W boson (pseudo-) rapidity

Kristof Schmieden

Rencentre de Blois -

&

— =

(;"\%

arXiv:1612.03016

nrer-ay

T T T | T T T T | T T T T T T T T T T T T
ATLAS _

g B
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o B i
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W,Z - Boson Differential Measurements - Rapidity @

s _
* W boson (pseudo-) rapidity %gﬁ arxiv:1612.03016

*Measurements sensitive to PDF g 6501 aTLAS .
= - Vs=7TeV, 461" .
. - ) B i
* Impact on PDF evaluated using profiling g I % % % LLFAT % i
. . . . 1 o —
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: » NNPDF3.0 luminosity excluded (+ 1.8%) :
I [y L
», ki
S '0"0""//////// 9 8
:»Ao;f:t:;:t:t:t:tItItItItItIt?iti{{o':{rfrfrffzﬁft&s =
Q 01:1:;:121’3}}71’11 3
9, L
|_

Kristof Schmieden Rencentre de Blois - Mai 2017 16


http://arxiv.org/abs/arXiv:1612.03016

e Extraction of the strange quark density:

S+ S

rg = ——

e Strangeness in quark sea unsuppressed!
e Confirmed results from 2010 data

= 1.19 £ 0.07 (exp) + 0.02 (mod)

0.02
o010 (par)

easurements @

%

ne»r-=»

7TeV (G

arXiv:1612.03016

A ABM12

= NNPDF3.0
e MMHT14
v CT14

[ E—

LI I B I B
Q% =1.9 GeV?, x=0.023

—hA—

—
ATLAS

V-

|

o ATLAS-epWZ12

ATLAS-epWZ16
exp uncertainty

‘8 0 6:— Q=19GeV? ATL;I¢\S S _ exp+mod-+par uncertainty
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% A T prfiled ! 0 02 04 06 08 1 12 14
. y
0.4%
; * PDF profiling used to study impact of
0.3 measurement on given PDF
0.2 . .
* Uncertainty significantly reduced
0.1
: * Central values changed
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http://arxiv.org/abs/arXiv:1612.03016

W — ev: Differential Charge Asymmetry

dow.. /dingl = dow_ /dinl % JHEP 10 (2016) 030
L = N _ . —— — — —
dow. /dInel + dow—/dine| < L | LHCb, s =8 TeV
04— W Data, o CT14 —
- oDty Data,, » MMHT14 -
02 P oaven,y v NNPDF30 —
o Hi ' it u oEveEey e MSTWO08 _
High |n| region very sensitive to NS S | MSTWOS
PDF effects z a7®870 HERAIS
©02F Unc.<25%
. . C — ESRmm———————
* Significant deviation between 04F
oy C p¢>20GeV n
data and predictions A T N R
go0sfp " b b
@ Oﬁuxﬁ”%AV%uw’vﬂWw-n—-“—Q_:
§_0'05-_. T R B |§? .}‘fé.%%.@k
= 2 2.5 3 3.5 4
ne
Source Uncertainty [%)]
* Largest uncertainties: S S B—— fggg
Yield (statistical)? 0.28 0.40 0.48

.
1P _
\. 4

¥ Efficiency istatisticaliT 0.55 0.55 0.21

FSR corrections! 0.05 0.07 0.09

e Momentum scale: 1.8%

* PID, FSR modeling: 0.6%

r 4 Acceptance corrections (statistical)? 0.00 0.01 0.01

e Track reconstruction: 0.5% * Acceptance corrections (systematic) 0.15 0.15 0.00
Charge mis-identification’ — — 0.02

Systematic 1.91 2.23 0.91

Beam energy 1.00 0.86 0.14

Luminosity 1.16 1.16 —

Total 2.46 2.67 0.97
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http://dx.doi.org/10.1007/JHEP10(2016)030

Z pt spectrum - CD ‘measurement
b — e ———————————— e I c—

e |nstead of direct transverse momentum measurement:

* Related quantity: \/imqui'; ~ ph

* Depends only on measured angles

azimuthal angle between

qbn = tan( 2A sm(H )
:{cos(tanh(n_ l/ Y
O 2
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Z pt spectrum - &

* ptr — O*
* large reduction of
uncertainties

Kristof Schmieden
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Relative Systematic Uncertainty [%)]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-16-009/index.html
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*
Z p1 spectrum - ®° Measurement
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e Hard parton emission
* Matrix element generator

* Good agreement: Pythia8 & MG w.r.t data
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* Good agreement: Pythia8 & MG w.r.t data
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-15-002/index.html
http://dx.doi.org/10.1007/JHEP09(2016)136

W,Z pt spectrum - CD Measurement

}—ﬂs___.:
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| uncertainty:

* Reconstruction efficiency
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-15-002/index.html
http://dx.doi.org/10.1140/epjc/s10052-016-4070-4

———

A. Gehrmann-De Ridder, T. Gehrmann,

e Tuning of NNLOJET to describe LHC data E.W.N. Glover, A. Huss and T.A. Morgan
* Nov. 2016 JHEP11(2016)094

e Latest LHC results included from May 2016: e Fast feedback into MC :-)

NNLOJET NLO NNLO Data ATLAS Vs=8TeV

NNPDF 3.0 0<lyél<2.4

1.4
1.2
1.0
0.8
0.6 |
0.4
0.2 -
0.0

1.4

; —_—
46 GeV <m; <66 GeV

T T T L A |
66GeV<m||<116GeV

Ratio to NLO

(1/0) do / dp%

1.4 -
1.2 ¢
1.0
0.8
0.6
0.4
0.2
0.0

- - T —
116GeV<m||<150GeV

Significant improvement

w.r.t. NLO predictions!

L L | L L L | | L L | L L L | | L
2 5 10 20 50 100 200 500
p% [GeV]
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http://link.springer.com/article/10.1007/JHEP11(2016)094

Z-Boson:
Forward Backward asymmetry,

angular distributions &
weak mixing angle




Intro

e Polarization of Z Bosons:

* Accessible via angular distributions of decay
leptons

Angles in Collins-Soper Frame:

* Difficult to model in Monte Carlo simulation
* ME & Spin correlations of FS particles

* WWeak mixing angle accessible

* Fundamental parameter of EWK standard
model sector

e Several Measurements at colliders:

* Forward Backward asymmetry (Arg)
* Weak mixing angle

* Angular coefficients — Z polarisation
* |Input to m(W) measurement

Kristof Schmieden Rencentre de Blois - Mai 2017

é ‘\QA
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* Rest frame of di-lepton system

e Z-axis bisecting directions of
Incoming proton momenta

* Direction of z-axis defined by

longitudinal boost of di-lepton
system

25



Angular coefficients:

Orthogonal polynomials used to Differential cross section
parametrize angular distribution: pp— Z/v + X = I + X

<P(cos¢9,¢)> _ fP(cosH,q))da(cos@,q))dcos@d(p ——— R —
fda(cos@,qﬁ)dcos@dq)

<1+ cos?6 > normalization of unpolarized cross section, also applied to all other P

1 3 2
< 5(1 ~3c0s” 0) >= %(AO — 5) longitudinal polarization

<sin26 cosp >= 1y interference term:
5" longitudinal / transverse
- 1
<sin"0 cos2¢ >= 10 = transverse polarization
: 1 . . :
<sinf cos¢ >= ZA3 product of v-a couplings, sensitive to Weinberg angle
0>= 1A
<sin’ 0 sin2¢ >= %AS
90 i 1A Predicted to be 0 @ NLO
<SIn26 sing >= 5% Non zero contributions @ NNLO for large pt(Z)
<sinf sing >= %A7
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Angular coefficients:

}m

Orthogonal polynomials used to
parametrize angular distribution:

fP(cos 0,9)do(cosb,¢p)dcosOdg

Differential cross section
pp = Z/y +X =171+ X

TR —

SeasetmmmetITT

<P(cos 9,¢)> =

<14 cos’0 >

fda(cos@,qﬁ)dcos@dgb

normalization of unpolarized cross section, also applied to all other P

1 3 2
< 5(1 ~3c0s” 0) >= %(AO — 5) longitudinal polarization

<8in20 cos¢g >= %Al

<sin’ 0 cos2¢ >= 1 A,

10

<sinf cos¢@ >= lA3

4

<cosO>= lA4

<sin® 0 sin2¢ >= — A,

<8in20 sin¢ >= %A6

<sinf sing >= iA7

Kristof Schmieden

interference term:

Ai are neither input to theory
longitudinal / transverse

calculations, nor simulations!
transverse polarization

product of v-a couplings, sensitive to Weinberg angle

qq — Z/y* — 171

Predicted to be 0 @ NLO
Non zero contributions @ NNLO for large p1(2)
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Z boson Forward Backward Asymmetry (AFB)

* Sensitive to PDFs at low / high masses DY note 6497-CONF

* Up - down quark distributions

* Sensitive to weak mixing angle
around the Z-pole

3 e T O OO SO S ]
B : : E 1
- D@ Preliminary, 8.6 fb' ;%:—*—
0.1 ? +
0.05 -—
E +—><—_X_§ —°—c;1ata
s — e signal MC -
R —%—:i:-x- 4in’0,, = 0.2255
: l - +sm29 =0.2372
3 1L o e e S
SUUUTTUTTN FUSURTUTT PRI WO U PO N T Lvetens, VST P SO : : :
40 60 80 100 120 140 160 180 200 R T TE—————
M (GeV/c?) dimuon mass (GeV/c?)
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https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/EW/E42/

Forward Backward asymmetry

° Latest measurement at LHC \ Eur. Phys. J. C 76 (2016) 325
* Binned in Boson Rapidity

19.7 o™ (8 TeV) 19.7 fb" (8 TeV)
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http://dx.doi.org/10.1140/epjc/s10052-016-4156-z
http://dx.doi.org/10.1007/JHEP11(2015)190

Weak mixing angle

D& note 6497-CONF

<«— LEP and SLD Average
0.23153 + 0.0001

LEP-1 and SLD: Z-pole e
A e 0.23099 + 0.00053 ob 0.23149+0.00016
LEP-1 and SLD: A2 .-
A(P) e 0.23159 + 0.00041 0.23221x0.00029
A, (SLD) @ 0.23098 + 0.00026 SLD: A/ 1 & 0.23098+0.00026
ob CMS pu 1 1o
A e 0.23221 + 0.00029 o 4.9987.0.0032
A% —e—  0.23220 + 0.00081 ATLAS ee+uu 5 fb” o
" 0.2308+0.0012
Qy —e— 0.2324 +0.0012 1
| . LHCD pp 3 1b ® 0.23142+0.00107
AL, (CDF), 9 fb e« 0.23221 + 0.00046 COF 1u 9
@
A% (D), 9.7 fb" - 0.23117 + 0.00047 e 0.2315+0.0010
-1 o
Ar; (DQ), 8.6 fb —e— 0.23002 + 0.00066 CDF ee 9 1b 0.23248+0.00053
| | | | | CDF ee+uu 9 fb™ —o—
0.22 0.225 0.23 0.235 0.24 ; 0.23221=0.00046
DO ee 10 fb ——
sin® @' August 2016: preliminary 0.23137+0.00047
TeV combined: CDF+DO —e—
August 2016: preliminary 0.23179+0.00035
| | | | | |

0.226 0.228 0.23 0.232 0.234

.2 _lept
siN® 0 g
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Z Boson Polarisation
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Summary




Summary
y o —_ —

* Rich physics program using W & Z Bosons at hadron colliders
* Experimental precision achieved:

* ~ % or better on many inclusive & differential observables!

e Largest uncertainties:
* Reconstruction efficiencies
e Momentum Scales Can be further reduced

* Model uncertainties Need improved calculations
w

o aamans

* More precise than current theory calculations for several observables
* Tensions with several theory calculations observed
* Interesting development expected!

* Adding constrains to PDFs
* Dominant uncertainty for many collider measurements

Results on standard model EWK sector passing LEP precision!
e S ————— e ——
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VBF W,Z production
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Ratio of cross sections:

ttbar / Z
at Vs of 7.8 and 13 TeV




Ratio of ttbar / Z production cross sections

* Many experimental systematics cancel in ratio
measurements
e ttbar and Z analyses harmonized to
maximize cancellation of uncertainties!
* Ratio ttbar / Z:

* Ratio same processes at different \'s

* Allows precise comparisons to predictions
* ABM12 disfavored by measurement

e ttbar / Z ratio sensitive to PDFs
e Contribution of Gluons

* Eventually: double ratios

Kristof Schmieden
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Ratio of ttbar / Z productlon cross sections

° DOUbIe ratIOS are very SenSItIVe probe Good agreement, predictions with ABM12
dlffers w.r.t. other PDFs
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Ratio of ttbar / Z productlon cross sections

° DOUb'e ratiOS are very SenSitive probe Good agreement, predictions with ABM12
dlffers w.r.t. other PDFs
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» Discrepancy not explainable with PDF effects
e Correlation model excluded as source.
e Origin most likely in the ttbar data.
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W.Z - Boson Inclusive Cross-Section
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W,L
2@

* Electron channel * Muon channel
(50-W+ 5UW— 6UZ 5Uforward A (SO'W+ (SO'W_ 50'Z

- [%] [%] (%] (%] [%] [%] (%]
Trigger efficiency 0.03 0.03 0.05 0.05 : :
Recgfnstruction efficiency 0.12 0.12 0.20 0.13 Trigger efﬁCl'ency . 0.08 0.07 0.05
Identification efficiency 0.09 0.09 0.16 0.12 Reconstruction efficiency 0.19 0.17 0.30
Forward identification efficiency — — — 1.51 Isolation efficiency 0.10 0.09 0.15
Isolation efficiency 0.03 0.03 - 0.04 Muon pr resolution 0.01 0.01 <0.01
Charge misidentification 0.04 0.06 - - Muon pr scale 0.18 0.17 0.03
Electron pr resolution 0.02 0.03 0.01 0.01 E%liss soft term scale 0.19 0.19 _
Electron pr scale 0.22 0.18 0.08 0.12 miss .
Forward electron pr scale + resolution — — — 0.18 L soft term resolution 0.10 0.09 o
B goft term scale 0.14 0.13 — — Jet energy scale 0.09 0.12 -
B3 soft term resolution 0.06 0.04 — — Jet energy resolution 0.11 0.16 —
Jet energy scale 0.04 0.02 - - Signal modelling (matrix-element generator) 0.12 0.06 0.04
Jet energy resolution 0.11 0.15 - - Signal modelling (parton shower and hadronization) 0.14 0.17 0.22
Signal modelling (matrix-element generator) 0.57 0.64 0.03 1.12 PDF 0.09 0.12 0.07
Signal modelling (parton shower and hadronization) 0.24 0.25 0.18 1.25 ' ' '
PDF 0.10  0.12 0.09 0.06 Boson pr 0.18 0.14 0.04
Boson pr 0.22 0.19 0.01 0.04 Multijet background 0.33 0.27 0.07
Multijet background 0.55 0.72 0.03 0.05 Electroweak+top background 0.19 0.24 0.02
Electroweak+top background 0.17  0.19 0.02 0.14 Background statistical uncertainty 0.03 0.04 0.01
[Bjaiklg(;?un‘]lt SE?ii.Stifal uncfrﬁaénty 883 88?1 <060014 8(1);1 Unfolding statistical uncertainty 0.03 0.03 0.02

nfolding statistical uncertainty . : . . — :

Data statistical uncertainty 0.04 0.05 0.10 0.18 Data StatlSt.lcal uncertalnty. 0.04 0.04 0.08
Total experimental uncertainty 0.94 1.08 0.35 2.29 Total experimental uncertainty 0.61 0.59 0.43
Luminosjty 1.8 Luminosity 1.8
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W,Z - Boson Differential Measurements @ 7 TeV E@V
* Differential measurements in (pseudo-)
rapidity

e Sensitive to PDF

* Impact on PDF evaluated using profiling
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Comparlson to parton-st shower Slmulatlons

Data - statistical uncertainty [ Data - total uncertainty
——— SHERPA PowHEGPYTHIA (AU2)
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B —— ¢ 2 individual Pythia tunes:

. * Also significant disagreement
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1 ............................................................................................................ |
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Ratio of ttbar / Z production cross sections

JHEP 02 (2017) 117

* Discrepancy observed in super-ratio including 7 TeV data:
* Origin in ttbar(8 TeV) / ttbar(7 TeV) ratio
e Suspected to lie in 7 TeV ttbar measurement
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http://link.springer.com/article/10.1007/JHEP02(2017)117

Drell-Yan measurements @ 8 TeV
Vg__ e ————————————————————————————— .

Agreement with SM over 3 orders of magnitude in mass
9 order in cross section

e Uncertainties at few % level for m <500 GeV

Eur. Phys. J. C 75 (2015) 147
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High mass DY measurement @ 8TeV
- * - JHEP 08 (2016) 009

* Only masses above Z- peak conS|dered
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High mass DY measurement @ 8TeV
> * . JHEP 08 (2016) 009

* Only masses above Z- peak conS|dered

(&
H,

ATLAS -~ HERAPDF2.0 - Data
. . \s=8TeV, 203" --CT14 Svs. rtaint
¢ CompanSOn to various PDFs - MMHT2014 with 68% CL  ABM12 ys. unceriainty
(PDF + «) + scale + Pl unc. To'tal tfncenalnty
- - MMHT2014 w/o Pl corrections ““NNPDF3.0 w/o luminosity uncer.
* Rapidity distribution very sensitive 8 freew<mcisocen 8 | fr1ecevam<is0cev
C i g o o
* Significant deviations observed S feesecvsarrid > teeeeesesseit
o "'T’-~-——"':‘T.“':'~:‘ - o »__""_ "m',,,  —
) S f _
< 09
* High mass Drell-Yan data included in NNPDF2.3 1 " Fevinme——
- . 1 44 !-Q;i-ht-‘?#i
e Significant constraint of photon PDF F +
S — ’_._...f.: -1‘1.1A1A1"’1
c\T\ T LI L L | T LI B L | T LANN B B R B 3 11200(‘0\/"\300(‘0\
@) 0.1 ATLAS Q?. _ 104 Gev2 =
X \ [CINNPDF2.3qed 68% CL TR ' {4—}5‘{"‘? f.*,
) O\ T\ fi@ NNPDF2.3ged + ATLAS high-mass DY data -{  *
0.08}s; \ — MRST2004qged, current quark mass — | 0ot
. -- MRST2004ged, constituent quark mass 3 — P ,“\1 e
7 CT14qed 68% CL i [ ol
0.06 . - R S—
NN 1 P4 "‘F—%'T
1 L o8k L s
0.04— o N 500 GeV < < m, < 1500 GeV
- . 1 1.4r
i 1 12 - - -
0.02}- - IR SN
i 3y 0.8}
ok L T 224 0 04081216 2 24
10° 10 10" 1 | |
Parton momentum fraction x
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Higher order EWK corrections

Kristof Schmieden

Decay channel W — ev W — uv
Kinematic distribution pfp mo pfj]r mr
Sy [MeV] Electrons experimental
FSR (real) <01 <01 <01 <0.1 -
Pure weak and IFI corrections 3.3 2.5 3.5 2.5 ‘77.5| rahge 5[007 0.6] £[0~67 1.2] [16-827 2.4] C(gmblned
FSR (pair production) 3.6 0.8 4.4 0.8 Kinematic distribution Pt ~mT Pt~ mT Pt ~mT Pt~ mT
Total 49 26 56 26  Omw [MeV]
Energy scale 104 10.3 10.8 10.1 16.1 17.1 8.1 8.0
i i Energy resolution 5.0 6.0 7.3 6.7 104 15.5 3.9 5.9
Recoil corrections &y
Energy linearity 22 42 58 89 86 106 34 5.5
W-boson charge W | Combined Energy tails 2.3 3.3 2.3 3.3 2.3 3.3 2.3 3.3
Kinematic distribution Pr_mr pr mr pr  mr Reconstruction efficiency 105 88 99 78 145 11.0 7.2 6.0
omw [Melv]f . , o Identification efficiency 104 7.7 11.7 88 16.7 121 7.3 56
;“ J%;C:oireiﬁg; 8:9 12:(2) (1):1 10:(2) (1):() 11:(2) Trigger ar%d isolation efficiencies 0.2 05 03 05 20 22 08 0.9
Residual corrections (statistics) 20 27 20 27 20 2.7 Charge mismeasurement 0.2 0.2 0.2 0.2 1.5 1.5 0.1 0.1
Residual corrections (interpolation) 14 31 14 31 14 3.1
Residual corrections (Z — W extrapolation) 0.2 58 02 43 02 5.1 Total 19.0 1v5 21.1 194 30.7 305 142 14.3
Total 26 142 27 11.8 26 13.0
, QCD modeling
Muons experimental - .
W -boson charge W+ |14 Combined
range .0, 0. 8,1, 4,2, .0,2. ombine 1 1 i i 1 14 14 14
|IT(]fI|1ema%cic I pé[r() 0, (T)n i} pg[r() 8, 1n4T] pg[; 4, anT] pfF[Q 0, 72n4T] gfr b m;l Kinematic distribution pr M7 P mT pr M7
dmw [MeV] domw [MGV]
Momentum scale 89 93 142 156 274 292 111.0 1154 8.4 8.8 | Fixed-order PDF uncertainty 13.1 14.9 12.0 14.2 8.0 8.7 |
Momentum resolution 1.8 20 19 1.7 15 22 34 38 10 12
Sagitta bias 07 08 17 17 31 31 45 43 06 06 AZ tune 3.0 34 30 34 30 34
Reconstruction and Charm—quark mass 1.2 1.5 1.2 1.5 1.2 1.5
iTSO,lati‘m fﬁfﬁ?iendes ;“6) 2'8 ?1 gg 1‘1*‘; g? 12"11 g'g ZI 3; | Parton shower up with heavy-flavour decorrelation 50 69 50 6.9 50 6.9]|
T“tggler e T T Parton shower PDF uncertainty 36 40 26 24 10 16
ik - - e 7 s r 7 ™ [ Angular coefficients 58 53 58 53 58 5.3]
Total 159 181 14.8 172 11.6 12.9
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* Test for consistency of standard model:

arXiv:1701.07240 %

ne»r-p

ATLAS — m,, = 80.370 = 0.019 GeV
B m =172.84 + 0.70 GeV
----- m,, = 125.09 = 0.24 GeV
m= 68/95% CL of m,, and m,

m,, [GeV]
(00)
o
Ol

80.45

||‘|||||||

80.4 —

80.35F -

803 = 68/95% CL of Electroweak |

- Fit w/o m,, and m, ’

— (Eur. Phys. J. C 74 (2014) 3046) -

B | | | | | | | | | | | | | | | | | | | | | | | | i
80.25 165 170 175 180 185

m, [GeV]
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W,Z inclusive @ 7 TeV =>W mass

* Choosing the PDF to be used in simulations for W mass extraction
* Best agreement with 7 TeV W,Z data: CT PDF sets

PDF uncertainties:
included | excluded

Data set n.d.f. ABM12 MMHT14 NNPDF3.0 ATLAS-epWZ12
WT = 0Ty 11 11]21 11|37 11]18 12|15

W~ =0 D 11 12|20 8.1/31 12]19 7.8(17
Z/v* — 0L (mge = 46 — 66 GeV) 6 17[21 18|24 21|22 28|36
Z/v* — 00 (mge = 66 — 116 GeV) 12 24|51 20(116 14]109 18]26
Forward Z/v* — £ (myge = 66 — 116 GeV) 9 7.3]9.3 12|13 14|18 6.8|7.5
Z/v* — 20 (mye = 116 — 150 GeV) 6 6.1/6.6 5.9(6.6 6.1/8.8 6.7/6.6
Forward Z/v* — 4 (myge = 116 — 150 GeV) 6 4.2]13.9 5.6|4.6 5.1/5.0 3.6|3.5
Correlated x? 57190 43167 69|157 31|48
Total x> 61 136|222 118[396 147|351 113[159
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W,Z - Boson leferentlal Measurements @ 7TeV E

}m

* Predictions:
* NNLO QCD using DYNNLO
* NLO EWK corrections using

« PHOTOS (QED FSR)
 MCSANC (other)

* Predicted cross section too low
* (except HERA 2.0 PDF)

* Discrepancy in shape

Kristof Schmieden

dofdly | [pb]
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Rencentre de Blois -

o A
% arXiv:1612.03016
s
_—I | | | | | | | | | | | | | | | | | | | I- | —_
- ATLAS | ZW*—T'T -
 Vs=7TeV, 461 66 <m, <116 GeV —
_<$——<S——<S——¢——<g— .
“i’o%ﬁi’o%%@%ﬁo%% pT’|>20GeV ]
B *Tér%:- A* |’Y'||| <25 —_
— T, ]
- T, N
E ® Data ﬁéég E
- % ABM12 ]
. 4r CT14 B
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L O JR14 e _ _
L ncorr. uncertainty -
- A MMHT2014 Total uncertainty i
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http://arxiv.org/abs/arXiv:1612.03016

Z - Boson Differential Measurements

* LHCb: forward spectrometer

e Access to high rapidity regime!

S 1 .7 T T T T | T T T T [ | | -

. = LHCb, {s =13 TeV 3

¢ Pred ICtIOﬂSZ % 1.6 Muon - Statistical Uncertainty A cCTI4 _E
e NLO qQCD using FEWZ 3.1 6I\>\N 1.5 Muon - Total Uncertainty % NNPDF3.0 —;

o L O EWK 'U\_;o 14 s Electron - Statistical Uncertainty ¢ MMHTI4 E
~ [ ] Electron - Total Uncertainty =

gz 13 =

12 =

1 1 XXX _z

1 -%gx; <3 X%% él& : ot leTele% Hi_;

* Predicted cross section slightly 0.9 — B
below measurement for low 0.8 =
rapidities 0.7 L e ; 4
v

e Consistent with other LHC
measurements
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L

P

pT spectrum - @’ measurement

==

azimuthal angrlerzrbwen 7 C\S
: A ~">7 | CMS-PAS-SMP-15-002
¢, = tan(———)-sin(6,) S
A \\
6, = arccos(tanh(- ;77 ))

* Depends only on measured angles

CMS Preliminary 19.7 fb™ (8 TeV)

102 Ml<21, Mil<24
- p'$>30 GeV, p|;>20 GeV
B 60 GeV <M, <120 GeV
10 ] N ETTT
- "‘-‘-
x . Al = ‘o,
\/imz¢,r} ~Y pT :é(\j 1:_ l...
3 g
%10'1;— :
— = °
e Significant deviations observed :E 2012 data '
) B v*/Z — Il (MadGraph+Pythia6 Z2*) ?
107 v*/Z — Il (Powheg+Pythia6 22*) ’
* MadGraph: best agreement g /*1Z — Il (Resbos) :
e Deviations up to 5% . . R
1.2F
. % - M Y 13 ijum * 1 :
* PowHeg + Pythia 6 s L bi L ELdanneipeiiiay IEERTEAN
. . A A l A
e Deviations up to 18% = 08l
10° 102 10 1

Kristof Schmieden
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Z pt spectrum - @ measurement

P
e Before: MC / Datal

* Low range dominated by:

* Non perturbative effects
* Parton shower

* High range dominated by
hard parton emission

* Matrix element generator

* Good agreement of Pythia 8
prediction with data

Kristof Schmieden

Data / MC

, — s (N
- I £
AR ISNE  JHEP 09 (2016) 13
% 1 .5 : 1 1 r1rrri I 1 ] ] ] [ B B B | I ] :
= ~  LHCb,Vs=13TeV ]
%‘ 1.4 =5 Muon - Statistical Uncertainty ¥ POWHEG+PYTHIAS 3
E 13 - Muon - Total Uncertainty ¢  PYTHIAS, Monash tune  _
% g 0555555 Electron - Statistical Uncertainty ¢  PYTHIAS, LHCb tune -
z 12 [ ] Electron - Total Uncertainty —
P = Z
* & - X & -
3§ LIE : _ T
—I9 - 2 — =
N = I
T B F Pl gﬁ%@ o
VN — X
*® s — oY <X
8 & 09F L
—|0 C ’ 7
~ 08F 2.0 <|eta] <4.5 <
- pT > 20 GeV &
0.7 F 3
1 1 L1 1.1 II 1 1 1 L1 1.1 II 1 ‘

10~ ‘

| PowHeg + Pythia prediction below
measurement for low phi* values

. Here different behavior w.r.t. data |
| compared to previous results |
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Z pt spectrum - ®° measurement
}‘1——( - Y{\Q{)

JHEP 09 (2016) 136

8 1.5 . T T T TTT] T ]
® Before MC / Data' ;: ~  LHCb, (s =13 TeV a
%‘ 1.4 =3 Muon - Statistical Uncertainty ¥  POWHEG+PYTHIAS =
. = — - -
° . = 13F Muon - Total Uncertainty ¢  PYTHIAS, Monash tune 3
LOW range d0m|nated by % - 88888 Electron - Statistical Uncertainty ¢  PYTHIAS, LHCb tune -
. O E 1.2 ;_ [ ] Electron - Total Uncertainty _;
* Non perturbative effects S |5 B ¢ x -

— ¥ %
* Parton shower = |- E — ol i
~ o
» High range dominated by Q187809
hard parton emission Y 2.0 < |eta] <4.5
07 pT > 20 GeV :
* Matrix element generator - . . } -

10~

* Good agreement of Pythia 8

prediction with data
| PowHeg + Pythia prediction below

measurement for low phi* values

| * Dominating experimental
l .
| uncertainty:

. Here different behavior w.r.t. data |
| compared to previous results |
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Z Boson - x-Sectlon in forward region @ |3 TeV E

b—‘?!——-‘
% JHEP 09 (2016) 136
* Acceptance in forward region:
° , pt> 20 GeV
* 60 GeV < my <120 GeV Source Ao (%] Ao %)
Statistical 0.5 0.9
Reconstruction efficiencies 2.4 2.4
Purity 0.2 0.5
* Achieved precision (combined): FSR 0.1 0.2
Total systematic (excl. lumi.) 2.4 2.5
* < 4.3% total uncertainty Luminosity 3.9 3.9
* 1.7% experimental
* ( 3.9% luminosity )
B ~stat.  sys. !UI total unc.:
v gz —198.0+0.9+47+T. 4.5%
— 1902+ 1.7+4.7 - 4.7%
\ O'Z _1943_ . 4.3%

Kristof Schmieden Rencentre de Blois - Mai 2017

52


http://dx.doi.org/10.1007/JHEP09(2016)136

