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Motivation
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der parton shower
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"« Probes perturbative QCD S
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| ® Non perturbative effects / soft gluon resummation |

* Parton shower effects
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Precision measurements at hadron colllders7 @
}—t_—t _ , m—

* Precise measurements usmg weak gauge Bosons
* Huge statistic, clean signature

e Experimental uncertainties: ~1% (sometimes better!)
* excellent calibration and control of systematics * 2% - 3% => most precise
* low pileup environment preferable! measurements are ratios
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Precision measurements at hadron colllders7 @
}—_ _ , m—

* Precise measurements usmg weak gauge Bosons
* Huge statistic, clean signature

* Experimental uncertainties: ~1% (sometimes better!) < Luminosity uncertainty:
» excellent calibration and control of systematics * 2% - 3% => most precise
* low pileup environment preferable! measurements are ratios

Achieved precision in inclusive x-section measurement:

 Phys.LettB750(2016)601 | CMS-PAS-SMP-15-01"

o(Z — Il) =1870pb £ 0.1% (stat) £ 1.9% (syst) £ 2.7% (lumi)
e 13 TeV:o(Z —1l)= 779pb £ 0.4% (stat) £ 0.8% (syst) £ 2.1% (lumi)

fiducial!
total ( Eur.Phys J.C76(5).1-61(2016) |  Eur. Phys.J. C75(2015) 147

. o(Z—1)= 1138pb +0.07% (exp) £PZ27 4 LEe )l +2.6% (lumi)
» 3 TeV:o0(Z—1l)= 537.10pb + 0.03% (stat) £ 0.45% (syst) £ 2.8% (lumi)
(update: 1.9% )
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* Precise measurements usmg weak gauge Bosons
* Huge statistic, clean signature

* Experimental uncertainties: ~1% (sometimes better!) < Luminosity uncertainty:
» excellent calibration and control of systematics * 2% - 3% => most precise
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 Phys.LettB750(2016)601 | CMS-PAS-SMP-15-01"
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fiducial!
total ( Eur.Phys J.C76(5).1-61(2016) |  Eur. Phys.J. C75(2015) 147

. o(Z—1)= 1138pb +0.07% (exp) £PZ27 4 LEe )l +2.6% (lumi)
» 3 TeV:o0(Z—1l)= 537.10pb + 0.03% (stat) £ 0.45% (syst) £ 2.8% (lumi)
(update: 1.9% )

 Differential measurements: 10s - 100s of bins stat. unc. dominating!

At present: most precise measurements released from 8 TeV data!
precision of 8 TeV run might no be reached any time soon with 13 TeV data
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Overview

* 13 TeV analyses:

e Single boson cross section measurements
e Ratio measurements
* Associated jets

* Recent highlights from 8 TeV data:

e /-Boson transverse momentum measurement
* Drell-Yan x-section measurements
e Study of Angular coefficients in pp — Z/v* — i

— = — . —— == 7-

o Naturally this represents a selection of few of the many results fom the ATLAS and
- CMS collaborations. Eor a complete list, please refer to the collaboration websites:

—_— E—— —_—————————— —

ATLAS physics results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-

CMS physics results: results/SMP/index.htrm
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Results at Vs = 13 TeV




Typical Selection of W,Z

 ATLAS - -

| | |
| * Data collected during 2015 | » Data collected during 2015 |
e Vs =13 TeV, 81 pb-* w ) e \Js =13 TeV, 2.3 fb-" m
| |
e Fiducial Volume, ee and pp channels | | ¢ Fiducial \é)lume of yu channel
pr > 25GeV s s Il pr > 25GeV 1
. > 25GeV | _ I
In| < 2.5 W: TmT ~50Gev || In| < 2.4 W:  mr > 50GeV |
7:66 GeV < my < 116 GeV || 72 60GeV < my < 120GeV ‘
¢ Signal Simulation: I | * Signal Simulation: |

* Powheg + Pythia8 | e MG5 aMC@NLO + Pythia8

e Backgrounds:

e EW & ttbar from MC

l

: * Backgrounds:
e QCD multijet: data-driven l

)

l

|

e EW & ttbar from MC |
* QCD multijet: data-driven ]
)

Phys. Lett. B 759 (2016) 601 CMS-PAS-SMP-15-011
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http://dx.doi.org/10.1016/j.physletb.2016.06.023

Measured dlstrlbutlons
}m

* Control dlstrlbutlons mvanant mass (transverse mass)
* Signal process, Electroweak and top backgrounds simulated
* Multijet background estimated from data (negligible in Z analysis)
Simulation and measurement agree very well!
CMS-PAS-SMP-15-011 Phys. Lett. B 759 (2016) 601
231b" (13 TeV) x10°
:CTJ 6 ' ' o ' ' ' | ' ' ' % - 1 T T ]
g 10°E CMS Preliminary ——data = G 30 W—ev =
= - Zoup - N ATLAS .
8 10° = 2 =tEtWK — 8 251 13TeV,81pb"
GCJ' ; ..** ‘* MC normalized to data (= 0.99) ; -'E E —e-Data E
i B o ", . W 201 MC Stat. @ Syst. Unc. ]
10" & o T, = n .
; ‘“** _._...-.-'.' *4»‘_*‘* E 15 :_ —:
103 %_Q-..f'.' **“**".’Hé 10;_ _;
0§ -
% | s9800es0800000000000, o,
T © 0.9 TN §
() T () 8 | IR A
a .
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m. [GeV]
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* Main sources: * Uncertainty estimation:

* Jet energy scale (W only) e Calibration derived from the data
* Propagated to uncertainty on MET * | argely based on 2012 calibration
* Uncertainties are derived In
calibration
* Leptonreco & id (W & Z)  Efficiency scale factors account for
* Lepton isolation (Z) data / simulation discrepancy. Varied

within uncertainties.

ATLAS CMS: Z-> up
o0C/C %] Z—oetee W osevW seviZouu Wsu'vW - uv Lepton reco. & id. [O/o] 1.3
Lepton trigger 0.1 0.3 0.3 0.2 0.6 0.6 Bkg. subtraction / modeling [%] 0.1
Lepton reconstruction, identification 0.9 0.5 0.6 0.9 0.4 0.4 Total experimental [0/] 13
Lepton isolation 0.3 0.1 0.1 0.5 0.3 0.3 . p ° i
Lepton scale and resolution 0.2 0.4 0.4 0.1 0.1 0.1 PDF [ / 0] 0.7
Charge identification 0.1 0.1 0.1 - - — QCD corrections [%] 1.1
LEmSissand L = (I)Z (1)Z = (1)-? (1)1 EW corrections [%] 0.4
T - . . - . . . . o)
Pile-up modelling <0.1 0.4 0.3 <0.1 0.2 0.2 Theo.re(’)clcal Uncertainty [%] 1.4
PDF 0.1 0.1 0.1 <0.1 0.1 0.1 Lumi [%] 2.7
Total 1.0 1.9 1.9 1.1 1.8 1.8 Total [9%] 3.3
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Results - Differential

}m

* Low range dominated by:

Distributions

231" (13 TeV)
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Results - Ratios and impact on PDFs

},_g__

CMS-PAS-SMP-15-004

CMS Preliminary

43 pb' (13 TeV)

I
| Observation
Uncertainty
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+0.
1.3547001]
cTia
+0.
1.350702"
MMHT2014
+0.
1.3487001]
ABM12LHC
+0.
1.371700

HERAPDF15

0.014
1.35300"

(inner uncertainty: PDF only)
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e Luminosity uncertainty cancels in ratios!

e Sensitivity to PDFs

tot 1 'tg'to
0W+/ Ow'

@]

Phys. Lett. B 759 (2016) 601 4

E ATLAS luminosity @ experimental uncertainties
1.1 —  13TeV,81pb" I experimental uncertainties
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1.05— m NNPDF3.0
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* Predictions and measurement disagree systematically by ~ 1 standard deviation

Kristof Schmieden
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Results - Lepton Universal

} A
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e Sensitive to
* Parton shower, matrix element & PS

ATLAS-CONF-2016-046

matching < 10 g

3 0 ATLAS Preliminary Z;*(;tl*l‘) +=1 jet 3

S A 7 ata 5

e Standard Z selection + requirementon jets =& 1 13T:v, 3.16 fb = Zezijet, NNO -

— = M - BLACKHAT + SHERPA =

S = tl:.; s, —4&— SHERPA 2.1 3

s g . Q 10—15_ Y /oy ALPGEN + PY6 —

* Jet de.ﬂmtlon' _ _ 2 ;t*?/w:*;.; ¥ MG5_aMC+PY8 CKKWL 3

* Anti-kt algorithm, radius 0.4 102 Mag S, B o MGSaMC+PYBRXFx

* pT > 30 GeV && |y| < 2.5 (2.4) B A i g E

* Jets overlapping with leptons are removed A S R

10 i feg O X0 *iﬁ ]

= e, Y

. . Rl L I :

e Measurement differentially in several oy | oy B

variables, compared to various simulations - antriets, R =04 b -

10'7§—p‘:t>BOGeV,|y |<2.5 =

] | S S SR

* VVery sensitive probe of different MC § TEe=tet g O —

approaches, tuning, ... g | R e T |

T 05 = ———— ———— i i —

£ 15 E 7% 4 > 2jets =

m) L 3

=R Sk E
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Z + jet cross section
» Systematics dominated by * Other large contributions depend on
variable of interest

measurements: Systematics (@I

* Jet energy resolution, Luminosity,

Background, ...
> 0.6 | | | ] ]
c _ imi — Electron Trigger |
© - ATLAS+Pre“_mmary — Electron Selection -
§ 0.5F ZIv*(— e’e’) + jets - ng -
S . 13 TeV, 3.16 fb™ —JVT .
[e - anti-k, jets, R =0.4 — Pile-up .
= 04— | t jet — Luminosity —
g - p©>30GeV, |y |<25 — Unfolding ]
S - T Background i
0 - — Total .
> 0.3 ]
P B _
) _ i
= - i
B 0.2F -
() i i
o i i

o1 T -
| | | |
0 =0 =1 >2 =3 =24 =5 =26 =7
Njets
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Z + jet Cr’OSS sectlon measurements
p— o | * ATLAS-CONF-2016-046

o/ + jet measurement vs. number ofjets

e Some deviations from measurement observed for high jet multiplicities
 Different generators describe different features well
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B - = -
L %¥# — 10 & =
10-2 = *E‘Efls = E E
- ﬂ‘ﬁi . - = B =
10° —— 107 e
— - 102 | | | | | | | %%#Eig
© s 15! | | | | | | e
© < —
Q Q = |
: O e/
@ T 05
®© s 15—
© = -
Q Q -
S S 1E
® ® -
o Q. 0.5
o s 1.5 =
m m —
Q Q =
5 =
o o -
o o 05 | | |

I\
o
v
—
I\
N
v
W

100 200 300 400 500 600 700 800 900 1000

m; [GeV]
Kri ion - Sep 2016 - Quy Nhon,Vietnam



* Same observables of interest as for Z+jet measurement

e Systematic uncertainties: similar to Z analysis
 Dominant uncertainty: jet energy scale

102

1

10

do/dp (j) [pb/GeV]

MG_aMC/Data

MG/Data

NNLO/Data

Kristof Schmieden
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W— uv channel
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B —HH— MG + PY8 (= 4j LO + PS)
; —4— N, NNLO
R
.
= e
- = =]
=
= ——
C ==
§_ CMS Preliminary $
- ———
- anti-k; (R =0.4) Jets
= p">30GeV, Iy <2.4 —_—.————

[] Syst. + Stat. unc. (gen)

R A e s e S G SO e

[ Stat. unc. (gen)

T T |||||||
i

[ Syst. + Stat. unc. (gen)

50 100 150 200 250 300 350 400 450

p.(1) [GeV]

do/dN,,,; [pb]

MG_aMC/Data

MG/Data

easurements

—_ -t —i
o o Q
\S] w &~

—_
o

107!

1.5

0.5

1.5

0.5

B )
CMS-PAS-SMP-16-005

251" (13 TeV)
= —¢—— MG_aMC + PY8 (= 2j NLO + PS)
—— ——f#—— MG +PY8 (< 4j LO + PS)
W
= ————
B | v
;_ CMS Preliminary
—  anti-k; (R =0.4) Jets
— p"'>30GeV, Iyl < 2.4
E W— uv channel
= | I
3 , ,
— 4
— [_J Syst. + Stat. unc. (gen)
Y, ////////////Z////////////////////
:///ﬁ////////D////////A////////ﬁﬁﬁﬁ;;;;‘;;;;‘
E_ [ ] Stat. unc. (gen)
> 1 =2 >3 >4 =5

XXXVI Physics in Collision - Sep 2016 - Quy Nhon,Vietnam |5



v ..\%\ \. s.

177

data set

C
T
o0
-
O
o
-
)
S
-
/)
)
e
C
O
D
@
D
—
O
O
O
e
@
9
)
0P




Kristof Schmieden

Measurement of p!. and ¢,

|
:4
|

e Data collected during 2012
* Vs =8 TeV, 20.3 fb!

* Fiducial Volume ( ee and up
channels )

pr > 20 GeV
nl <24

| *MC signal:
s POWHEG+PYTHIA

* Backgrounds:
* EW & ttbar from MC
e QCD multijet: data-driven

—————— e

Eur. Phys. J. C 76(5). 1-61 (2016)

| ® Data collected during 2012
e \Js =8 TeV,18.4 pb-1 (W,Z pr) |
e Vs =8TeV,19.7 fb! (¢*)

* Fiducial volume of ee (up)
| channels

pr > 25(20) GeV

| In| < 2.5(2.1)

- *MC signal:

s POWHEG+PYTHIA

* Backgrounds:
* EW & ttbar from MC
* QCD multijet: data-driven

arXiv:1606.05864,

CMS-PAS-SMP-15-002

XXXVI Physics in Collision - Sep 2016 - Quy Nhon,Vietnam
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http://arxiv.org/abs/1606.05864
http://link.springer.com/article/10.1140/epjc/s10052-016-4070-4

Events / GeV

Kristof Schmieden

ATLA Z - Selection, muon channel

ATLAS V5=8 TeV, 20.3 b
p.> 20 GeV,Inl <2.4 uu-channel
- Data []Zz — wu
By v — nulee Bww, wz, zz
Bl mutti-jet Bw—1v
Oz --x Bt t + Single top

140
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Events /1.7 GeV

600

400

200

CMS W - Selection, muon channel
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18.4 pb' (8 TeV)
———

e

17.5< pTW <24.0 GeV |

¢ l

—4— Data
W'— ety

+ I EW+t
4 B QCD |

80 100
ET' [GeV]
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Measurement of p%. and Py <)
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O "t B Total uncertainty ] g P K
n B 3 - +
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2 12 ' . 0 = arccos(tanh(77 i ))
: : 1
T i 2
=+ 1.1 =
Q | _
@) _
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0.9F o
1
1.4_ T T T TT I| T T T T 1T I| T T I.1 T TT I| T T I_
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T 50 atistical uncertainty B ° mZ¢anT
= " P Total uncertainty .
n L _
O N < =
@ ol 66 GeV =m, <116 GeV, ly | <24 =
D - ]
o B i
*_‘e_: 1.1 —]
Q - _
5 :
= —I——|_I_I_I_ -
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Measurement of p and [

R b e Y4 .
4 arLas ls=8TeV,20.3fb" / CMS_ - 184pb"(8TeV)
D . B . B el
- - [ Total uncertainty | 5 CDU o|—
%) - 5 = B
% 120 66 GeV = m; <116 GeV, ly I < ; 1 g, 1 . ’_**Jﬂ_ﬂ«“_’/////
L] B | d -
= B = -CICJ o] = [®7] ResBos scales [7] Data stat+syst
=_8.|_ 1.1 o - | [ |ResBos PDF
5 © ] A -
5 1: ........................................................................ S E— T IS ] _% | POWHEG _
Tk \ Q [
0.9— L L g 1 Mﬂ///////////-/////////////[//W////W’”/W;ﬁ!i‘/_' /////
1 S _GC) 0 __ =] POWHEG stat Data stat+syst
T - [ ] POWHEG PDF
* Low range dominated by: s S ) ~
= FEWZ -
o 2 ]
e Non perturbative effects > /// 7
. o
e Soft gluon resummation D | [Elrewzs [ vete statesyst
= 0 B [ FEWz [ ] FEWZ scales
 ResBos predictions agree with data ] 102 pT [Ger

* High range dominated by:

e Emission of hard partons * ResBos predictions not consistent with data
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Comparlson to dlfferent MEgenerators

CMS-PAS-SMP-15-002
CMS Preliminary 19.7 b (8 TeV)
102 ml<2.1, m1<2.4
- p’ > 30 GeV, p! >20 GeV + Powheg:
B 60 GeV <M, <120 GeV * Disagreement with measurement
105 g 8 LY T . . ‘g
S "o, * most pronounced in low / high phi
%, - '-.__ region
-E; 1= “e
S - *
- L . * Uses resummation technique
2107 "  Optimized for describing low
-+ ] 2012data . momentum tail
, B a v*/Z — Il (MadGraph+Pythia6 Z2%) ?
10°E° .+ y4Z — Il (Powheg+Pythias Z2*) : * Madgraph:
— v y*Z — Il (Resbos) " * Describes high momentum tail
_III| ] ] ] IIIII| ] ] L 1 1111 ] ] L 1 1111 ] q Verywell
1.2
_'(E - i i - ahada, l [
5 1 i E m Afflif’ﬁ"lﬂil é‘* L + + * 0 ﬂ
O : A A A ll I } N .
= 0.8 Ty
10° 102 10™ 1

q)*
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-15-002/index.html

Comparlson to parton-st shower Slmulatlons

Data - statistical uncertainty [ Data - total uncertainty
——— SHERPA PowHEGPYTHIA (AU2)

POWHEGPYTHIA (AZNLO) POWHEGHERWIG ¢ COmpariSOn IN

12F ATLAS (s=8TeV,203fb" —
B —— ¢ 2 individual Pythia tunes:

. * Also significant disagreement
1 - between Heg and Sherpa
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MS | 18.4 pb™' (8 TeV) CMS 18.4 pb™” (8 TeV)
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* Resbos and Powheg show deviation from ;

measurement at high pr Ratio of Z/ W pr well modeled |

}‘ by all generators! .
° shows some disagreement in mid pr — r e —
range

Kristof Schmieden XXXVI Physics in Collision - Sep 2016 - Quy Nhon,Vietnam 23



rell - Yan cross section measurements
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e Comparison to predictions from:

* aMC@NLO: provides automated PS matching to ME, NLO accuracy
* FEWZ: full spin correlation, NNLO QCD accuracy, NLO EWK

>
O
O
~
a
e Statistically limited at large —
invariant masses _g
B
L
* More precise measurement o
with 8 TeV dataset :
-
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10°
10?
10
’
107"
1072
107°

2.8fb” (13 TeV)

CMS Preliminary

'8

t

*'}

(

)
=
)

—=&— aMC@NLO

FEWZ (NNLO QCD + NLO EW)

Y IZ — uw

T—

|||||||||||||||||||||||||| T|T1 IIII|T||| IIII|T|T| IIIII|'||| IIII|T||| IIII|T|T| IIIII|'||| IIII|T|T| IIII|'|T1 TTI
[ J

] Stat.+Syst.

B stat. -

P 0. .g--@ ............M.e.!..!_._._’ _____ P i

IIIIII|III|IIF'III|III|III|II ”

°
PPCES S © 0 000000000ot00000%0% 00 0 R

100 200 300

CMS-PAS-SMP-16-009

20 30 40

XXXVI Physics in Collision - Sep 2016 - Quy Nhon,Vietnam

2000
m [GeV]

25

1000




DreII -Yan measurements @ 8TeV

. Uncertalntles at few % Ievel compared to 20% at 13 TeV anaIyS|s

Agreement with SM over 3 orders of magnitude in mass!

19.7fb ee anduu (8 T )
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;I 103 T T T T T T T T T T T T ; Z\ B FEWZ, NNLO CT10 ]
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High mass DY measurement@ 8 TeV

yﬂs__

* Only masses above Z-peak consider
e Comparison to various PDFs

* Rapidity distribution very sensitive
 Significant deviations observed
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X y(x,Qz)

Kristof Schmieden

* High mass Drell-Yan data included in NNPDF2.3

e Significant constraint of photon PDF

0.08 K
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QS :
o'olTl [ rr1 l._:

ATLAS
[ INNPDF2.3qed 68% CL
fHE NNPDF2.3qed + ATLAS high-mass DY data
— MRST2004qed, current quark mass

---- MRST2004ged, constituent quark mass
(/71 CT14qed 68% CL
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Angular Coefficients A
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A bit of Theory

Differential cross section for Angles in Collins-Soper Frame:

pp = Z/v + X =171 + X / ge ‘(ECS%/&
do 3 doV+t ~
P P

dp? dy? dm? dcos@ dp 167 dp? dy? dm?

1 .
{(1 + cos” 0) + 5 Ao(1 =3 cos? ) + A sin260 cos * Rest frame of di-lepton system
1 .9 , e z-axis bisecting directions of
+As sin’ 0 sin 2¢ + Ag sin26 sin¢g + A7 sinf sin ¢} * Direction of z-axis defined by
longitudinal boost of di-lepton
system

Angular distributions parametrized by coefficients A;

e Test QCD predictions to all orders of as

* Includes of all e Sensitive to various SM parameters
particles
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A bit of Theory
Orthogonal polynomials used to

parametrize angular distribution: Ai are neither input to theory
calculations, nor simulations!

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

<1+ cos?6 > normalization of unpolarized cross section, also applied to all other P
1 3 2
<—(1-3cos’0)>=—(A,-=) longitudinal polarization
2 20 3
1

<sin26 cosg>=—A interference term:
1 longitudinal / transverse
., 1
<smn”0 cos2¢g>= EAZ transverse polarization
<sinf cos¢ >= iA3 product of v-a couplings, sensitive to Weinberg angle
1
<cost>= ZA“ 8/3 * forward backward asymmetry Ars, sensitive to Weinberg angle
1 non-zero already at LO q¢7 — Z/v* — [T~
<sin’ 0 sin2¢ >= gAs
i Predicted to be 0 @ NLO
<sin26 sin¢ >= S A, Non zero contributions @ NNLO for large p1(Z)
<sinf sing >= %A7 Measured by ATLAS - Set to 0 in CMS analysis
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[ —e— DYNNLO (NLO) : ] [ —e— DYNNLO (NLO) ';D ]
0.6:— —: 0_6:— o _:
n . . - o :
0.4~ g! ] 0.4 {E‘D —
0.2~ _g‘a - 0.2~ .5533 —
of_ ................ —n——i-""i'* ................................. _f of_ ................ _!——g-%:&ﬁm ............................... _f
-0 2: | ' ' . _0 2: I | | :
1 10 10? 1 10 107
P2 [GeV] Py [GeV]
<‘Z\I 02_' LI I| T T T TTT I| ']
<;:° - ATLAS Simulation i
o \s =8 TeV i
[ —=— DYNNLO (NNLO) . * Ao-A2: Sensitive to the Spln of the Gluon
- T DYoo) 1 (Lam-Tung relation)
0.1 —
- Tﬁﬁﬁﬁ#ﬂ | * exactly 0 @ NLO
oo G B e A2 changed 10% @ NNLO
B —n::—ﬂ_%rF ]
0_— ---------------- :-Q_—_Q—D__.._—&*-Wm*'—o————o—:
| Lo | ! Lol
1 10 10?

pZ [GeV]
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%104; ATLAS
L =

The Measurement Lepton Selectlon

Phys. Lett. B 750 (2015) 154

pr > 25(10) GeV

CMS
* Vs =8 TeV, 19.7 fbo!
* Fiducial Volume: (muons only)

19.7 b (8 TeV)

1 \\\‘\
-1 -08 -06 04 -02 0 02 04 06

8 TeV, 20.3 fb™
€€cr

Kristof Schmieden

0.8 1
cos GCS

_ CMS 19.7 fb™' (8 TeV)
® 50000 10< g, <20 GeV
: 40000W
o o
© 30000/
8 OO 6~6~0moon S o rmer O
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w C
07‘
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—o— Dat:
10'=  ATLAS (7000 -
- 8Tev,203f"  ElMutiet ]
- €€cr . Di-boson 4
10° = CTop -
E I:IZ—>‘I7\7 7

J. High Energ. Phys. (2016) 2016: 159

ATLAS
e Vs =8 TeV, 20.3 fb"

* Measurement performed in 3
iIndependent channels:

* Muons
e Electrons: central central
e Electrons: central-forward

e Fiducial Volume:
e CC & pu: pr > 25GeV |n| < 2.4

e CF: pT > 20GeV 2.5 < |n| < 4.9

* OS di-leptons 80 < m;; < 100 GeV
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Analysis strategy

P e——
* Angular distributions sculpted by fiducial

acceptance

* Polynomials are ,folded" into reconstruction space

e 3D folding in cosB,y, p't

* Folded polynomials (templates) fitted to measured
angular distributions

* Angular coefficients Ai normalize the templates
relative to each other
* Aiextracted from fit
* Overall normalization done in pt(Z)
* Fit implemented as maximum likelihood fit
* Nuisance parameter for each systematic

uncertainty incorporated
* Background templates included

Polynomial value

Template value / 0.25

15

10

] 05 o 0.5 ~
COSG
folding with
detector effect
- ATLASSimulation' | _a. Templated P.
F (s=8TeV —— Templated P’ N

n 4
— ee: yX-integrated —— Templated P

- p$ =5-8 GeV
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A glance at Uncertalntles

* Breakdown of systematlc
uncertainties

. TotaI uncertamtles
o Very similar shape for all A
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Measurement Results

* Equalto 0 @ NLO

. ..1 e Higher order effects

become visible

e | imitations of
current simulations

Kristof Schmieden

XXXVI Physics in Collision - Sep 2016 -

<(Q _I T T TTT | T T T I_ :_'cU\ i TT | T T T I_
0.04— ATLAS — 8 0.04— ATLAS —
- 8TeV, 20.3fb™ 1 Z° - 8TeV, 20.3fb™ i
| —e— Data ) ~ - Data ]
0.02 | —=— DYNNLO (NNLO) _ + N g‘ 0.02 | —=— DYNNLO (NNLO) _ |
et POWHEG+MINLO Z+j +i % 1 g | —+— POWHEG+MINLO Z+ - 1
- $ 1 £ i ) |%lﬁ] i
0_— """""""" ﬂ% T %‘+ _m_—_ ;:'c’o 0_— """""""" == — ‘%{ggﬂ-‘*‘ """" ol
-0.02|- T ~0.02|- T &l
_0.041 1 _0.04F -
N I | I 111 I 1 1 A R | 1 1 111 | | I | A
1 10 10? 1 10 10?
Z Z
pZ [GeV] pZ [GeV]
<l\ _I T T TTT] T I_ § B R ]
0.04 ATLAS - 8 0.04— ATLAS —
- 8TeV, 20.3 10" 1 < - 8TeV, 20.3 b i
T —e— 1 4 B Dat T
0.02 T2 DYNNLO (NNLO) — B 002 . bvnnio(nLO) B
| —+— POWHEG+MINLO Z+] 1 8  —+— POWHEG+MINLO Z+j =y
c -
o T % — T o e D’%&%ﬁ-ﬁ ---------- 1
: B iny |
-0.021— - -0.02[~ -
_0.041 4 -0.04f -
N | | | ||_ L l 1 | | 1 1 N
1 10 102 1 10 10°
V4
pZ [GeV] pz [GeV]

Quy Nhon,Vietnam 37



cms | lyl<1
T ogp ¢ e
< F 4 MadGraph
— 0.25F 4 Powheg
0.2F + FEWZ,NNLO

0.15}
0.1f

19.7 fo'! (8TeV)

— 3

q, [GeV.

cems |1 <IV<21] 19717 (8Tev)

< 0.3 ¢ Data

<;:° ' A MadGraph
— 0.25 ¢ Powheg
+ FEWZ,NNLO

0~ 50 100 150 200 250 300

q, [GeV,

Kristof Schmieden

0 50 100 150 200 250 300

* AO - A2 (» Lam-Tung relation)

e Compatible results in different
rapidity regions
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s Generators

Comp

arison of variou
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Conclusions & Outlook
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Conclusions & Outlook
y — /40— — — =l

e Study of weak vector bosons provide a wealth of information
* Partonshower modeling

* Higher order matrix element calculations
* PDFs, alpha_s, weak mixing angle, new physics

* 13 TeV results have been provided by ATLAS and CMS in short time!
* First precise results appearing

* Inclusive and differential cross section, V+jets

* Precision domain dominated by study of 8 TeV data (2012)
* Differential measurements with %-level uncertainties!
* Very sensitive tools!

* Several further measurements in progress
* Addition of heavy flavor jets
* Multidifferential x-section measurements
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y4 Polarlsatlon measurement results
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Multijet Background estimation in detail

P ————— —
* MJ fit regions:

* full event selection removing mT or MET requirement

*MJ enriched samples in fit region:
* Mutually exclusive isolation cuts
o Statistically independent sample

e Similar samples for signal and other
backgrounds created from simulation

* Normalization of MJ sample and
Signal template extracted in ML fit

* Linear extrapolation to signal region

* Average of all MJ estimations used as
central value (4% u channel, 10% e
channel)

* 0.5 * difference between average and
single estimations used as uncertainty
* (20%-30%)
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Drell-Yan Measurements - low & high masses

}—g—_.:

* Reaction: pp — u*y + X

* Large statistics allow to go to high invariant masses

* Sensitivity to new physics

2.8 fb"' (13 TeV)

C C I I I I 1T I| I I I I 1T I| I
I ..
o 10 §CMS Preliminary g o data E
o) sl CIv*/Z = w7
o E B tt+tW+W E
C B EW

3 10
E
(- 10°
LLI

10°

10

1

~1000 2000
m [GeV]

100 200

Kristof Schmieden

—
o
\)

Relative Uncertainty (%)
- o

—h
<

—_—

CMS-PAS-SMP-16-009

2.8 fb™' (13 TeV)

. CMS Preliminary

—e— Statistical
Luminosity

—=— Total Systematic
Acceptance
—a— Efficiency SF
—a— Detector Res.
—— Background

3 FSR et oo/
; | | | | | | \\‘\' | | | | | | 1 1 | |
20 30 40 100 200 1000 2000
m [GeV]

XXXVI Physics in Collision - Sep 2016 - Quy Nhon,Vietnam 45



Analysis Acceptance * Efficiency for 3 considered channels
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y4 Polarlsatlon measurement
i§r~_e§§__,!.._....._.f

* Folding of phi prOJected polynomlals
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EIectroweak correctlons

Data (stat uncert.) - Data (total uncert.) Vs=8 TeV, 20.3 fb"
—e— DYNNLO DYNNLO+NLO EWK ATLAS
1.1 1.1
1 1
0.9 0.9
0.8 0.8
o
< 0.7 _—0.7
()
S~
o 1.1 1.1
|
Z 15 1
<
A 0.9 0.9
Hos
“Ho.7
1.1
'
0.9
0.8 ! 0.8
0.7 30 GeV S.m” <46 GeV, Iy”I <24 iy 116 QeVl < T"".<. 150 IGeV, I¥||I <l2.4} o7
50 100 500 10 102
p“ [GeV] pi [GeV]

. - AEo) .
Predictions low by ~15% in all my bins Expected due to soft-

gluon emissions

Kristof Schmieden XXXVI Physics in Collision - Sep 2016 - Quy Nhon,Vietnam 49



Entries / 0.04
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The Measurement Lepton Selectlon
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. Data Collected durlng 2012

e Vs =8 TeV, 20.3 fb-"

* Measurement performed in 3

iIndependent channels:

e Muons

e Electrons: central central

e Electrons: central-forward

* Fiducial Volume:
e CC & pu: pr > 25GeV

e CF:pT > 20 GeV 2.5 <

nl <24

nl < 4.9

* OS di-Ieptons 80 < my < 100 GeV

* Backgrounds:

* EW & ttbar from simulation
* QCD multi-jet: data driven

e Signal simulation:
*POWHEG + Pythia
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* Electron and Muon channels give
consistent results

e Similar for all A

* Regularization:

o in results &
uncertainties
* [ncrease
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Impact of higher order QCD corrections
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* Only small impact in A134

* No sensitivity with current measurement
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