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Test of perturbative QCD

WH+jets cross sections (Eur. Phys. J. C (2015) 75:82)
Z+jets cross sections (JHEP 07 (2013) 032)
Rjets (W+jets/Z+jets ratio) cross sections (Eur. Phys. J. C (2014) 74:3168)
W boson in association with b-jets (JHEP 06 (2013) 084)



Event Selection
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W= lv

Exactly 1 lepton

- pr>25GeV, |n| <2.4/2.47 (u/e)
E,Miss > 25 GeV
m, > 40 GeV

yadl

Exactly 2 leptons with opposite charge
- pr>25GeV, |n| <2.4/2.47 (u/e)

AR(l,1) > 0.2

66 GeV <m; <116 GeV

Jets

22 July 2015

Anti-k; algorithm, R=0.4

p; > 30 GeV

ly| <4.4

Removed if overlapping with lepton
AR >0.5
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W+jets: Inclusive number of jets
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* Thorough analysis of ~40 distributions

— Valuable to Monte Carlo developers

 Good agreement with BlackHat, Sherpa shows some differences

for N.

jets

>5

* Trend towards
large Niets
(Alpgen & Sherpa)

— Still compatible
within the large
uncertainties
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Motivation: Ratio W+jets/Z+jets B

UN]VERSITAT

* Probes kinematic differences of jet-system recoiling against W or Z
e Significant cancellation of the uncertainties in the ratio

— Experimental
* Positively correlated uncertainties: Energy scales, Backgrounds, Jet uncertainties

— Prediction
* Scale & PDF uncertainties, Parton shower / Hadronization
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Results: Ratio W+jets/Z+jets
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Eur. Phys. J. C (2014) 74:3168
‘ . . . * Inclusive jets: Deviation of Sherpa for large N,

—, 18 ] jets
| ATLAS (W(= WZ(= ) +jets ) ) .
8 [ anikjets R=0.4,  ~a- Dams=7Tev.4s’] ®  Prleading jet (22jets): Well modeled, except
g L p > 30 GeV, |¢| < 4.4 —=— BLACKHAT+SHERPA |
I —=— ALPGEN+HERWIG ] very low P
S —+— SHERPA _
C 1 ¢ Angular separation of jets: Small trend at low
12 B separation
S 4
10— — 4 2r T T T T M = 2r T T T T T T .
. — ;-? C ATLAS (W= W(Z(—= ) +=2jet ] = . [ ATLAS (W(= M(Z(= M) +=22jet ]
- af”’, antik jets, R=04,  Za Data,1s=7TeV, 46| < '8 antikjets,R=04, 42 Data, \s=7 TeV, 461"
- & ; 6 p > 30 GeV, M < 4.4 —»— BLACKHAT+SHERPA Eﬁ 1 6— pJ > 30 GeV, M|<44 —v— BLACKHAT+SHERPA 4
8— < °F —=— ALPGEN+HERWIG K —=— ALPGEN+HERWIG A
~ a4 +— SHERPA = ) 14—_ —+— SHERPA =
L - 1.4 m = 1.4 _
| | | | { v = ] I a
- — = Ly - = 1o —
45 12— —— BLACKHAT+SHERPA —] 3 = y
5 A= ) . & ™ 108 £ PO L = oo o
= - 4 C i) _ i = C £ 3 -
=~ 1= Z S P E : A 1 i T & 3
Z o8 — 06F = < E
8 12— —— ALPGEN — c 1 = k .
S1_1l 2] o S I T ol T -
= P S— » % = s, v R TEN\—— BLACKHAT+SHERPA = g :g% = BLACKHAT+SHERPA =
O o9 22 IS 51 W O = UL W, P .-
= 0.8 — . ‘ . /\ 9 :g} ETeg ez & g gé:: R E T *T—::
% 12— —— SHERPA S 3/ ALpaeN 3§ 13E - avoe =
a i A 7 o st 24 8 V' Fane . =
= 1E A . A A 2~ g it l 3 g BT By e - ]
C . 1 O osfE G O o9 - ———
QO o9k = = osF = = o8 S
= s , — £ FE SHERPA =94 & 13> SHERPA =
>0 >1 >2 >3 >4 3 [iEE g 2 8 VE =
Njets = 0:8} — = gg:: . ) ) ::
100 200 300 400 500 1 2 3 4 5
* ATLAS data has been used to o (eading jet) [GeV] AR,

improve MC description of the data
22 July 2015 EPS 2015 - Markus Zinser 6



JGlu
sonannes GUTENBERG
UNIVERSITAT MAINZ

Test of non-perturbative QCD

Z transverse momentum distribution (JHEP09 (2014) 145)
Phi* distribution of Drell-Yan lepton pairs (Phys. Lett. B 720 (2013) 32-51)



Z-p; Measurement
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JHEPO9 (2014) 145

* Probes QCD ISR, p;distributions of
partons, gluon PDF, higher order pQCD

* Important input for searches with W
and Z backgrounds and in particular for
W mass measurement due to improved

shower tunes

e Normalized cross section measurement
— Three different rapidity regions

— Three different final state kinematics:

born, bare, dressed

e Uncertainties ~ 1% below

Z-p; 100 GeV
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* Combined cross section compared with predictions from
— FEWZ and DYNNLO: Fixed-order calculation, CT10 PDF
— ResBos (NNLL): Resummed multiple and collinear gluon emission, CT10 PDF

e Combined cross section used to tune Monte Carlo
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Input for PDF fits & test of pQCD

Z boson in association with b-jets (JHEP10 (2014) 141)
Low-mass Drell-Yan differential cross section (JHEPO6 (2014) 112)
W plus D/D* and c-jet (JHEPO5 (2014) 068)
High-mass Drell-Yan differential cross section (Phys. Lett. B 725 (2013) 223-242)



Motivation: Z+b(b)
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b — AN\, 2 q b q A

Y Z b

9 s5060—— 0 q b q b
a) b) c)

* Important background for associated Higgs production with
H—>bb and BSM models

* Two schemes used in pQCD calculations: 4 and 5 flavor initial
state
— a) only exists in 5 flavor scheme
— Can be sensitive to b-quark PDF

22 July 2015 EPS 2015 - Markus Zinser 11



Measurement: Z+b(b)
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e Z+b can not yet constrain b-PDF gl

due to large scale uncertainty e —
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Run | Summary
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Vector Boson + X Cross Section Measurements Status: March 2015 JLdt

[fb-—ll Reference

ofd(y+X) [In7] <1.37] 7= 260201 130 P (Gat) 46  PRD 89, 052004 (2014)
—[1.52< |p”| < 2.37] S = T o 4.6  PRD 89, 052004 (2014)
ofd(Z - ee, up) 7= AT90 530 NEORBEEY Lo heory 0.035 PRD 85, 072004 (2012)
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= [Mp—jer> 1] e e 46  JHEP 10,141, (2014)
= [Mpjer> 2] = G20 0L LT AT i) LHC pp V5 =7TeV 46 JHEP 10, 141, (2014)
- ofd(Zjj ewx) A e ) Theory 20.3  JHEP 04,031 (2014)
o-ﬁd(Z - T'T) =100 CéngDLDQ»SHER/!\;ngh'AbLg?::gory\v Sogserved 4.6 arXiv:1407.0573 [hep-ex]
of14(Z — bb) O ROEEY TR0 D 5§a§+5y5f 19.5  PLB 738, 2543, (2014)
oW - ev, uv) o= 5127 £ R0 - QBT AL (212) 6 eory) 0.035  PRD 85, 072004 (2012)
= [Mjee 2 1] o= A3 B LD (ate) Ep VE=8Tay 46  arXivi1409.8639 [hep-ex]
= [Njee 2 2] g ’azackﬁa“ﬁ‘fez?y\“‘"“"" L= Theory 46  arXiv:i1409.8639 [hep-ex]
— [Njer > 3] MR PR A - ggfefved 46  arXiv:i1409.8639 [hep-ex]
—[njer 2> 4] o= 4241 40,050 & 0585 pb (data) stat+syst 4.6  arXivi1409.8639 [hep-ex]
— [Mjer 2 5] 7O ek be ) 46  arXiv:1400.8639 [hep-ex]
— [Mjer=1, Np_jer=1] S o DU . 46  JHEP 06,084 (2013)
— [Njer=2, Np_jer=1] S VT U 46  JHEP 06,084 (2013)
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— [Mjer 2 1] R R o (e 4.6  Eur. Phys. J. C 74: 3168 (2014)
— [Mjer = 2] Ratio = 80 ot (o) ) 46 Eur. Phys. J. C 74: 3168 (2014)
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o4(W+Z - qq) cesSBLiRS ! | ; 46  NewJ.Phys. 16, 113013 (2014)
00 02 04 06 08 10 12 14 16 138 20 2.2

observed/theory

‘ A lot more 8 TeV results still in the pipeline!
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Run Il Preview I
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* Very early results of the first data from LHC vs=13 TeV pp-
collisions

—Results shown for dataset collected from 13th of June to 14th
of July

— Corresponds to integrated luminosity of 6.4 pb to 78 pb-!
— Current luminosity uncertainty: 9%

* W and Z production at 13 TeV is ideal for validating early detector
performance

— Object reconstruction
— Analysis software chain

* Uncertainties from both very early and statistics limited data/MC
studies as well as studies using Runl knowledge and MC
extrapolation

— Luminosity uncertainty not included

22 July 2015 EPS 2015 - Markus Zinser 14



Run Il Preview: Performance
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Run |l Preview: 7
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e Exactly 2 leptons

> F L B LN BN LI L LA ELNL LN ELELL LRt > E I L BN B LRI BN B
s F Zse'e -8 L Zowy
with oppgsite Oss0f  Z=DEE  ‘aTiASPreliminary O 350[- ATLAS Preliminary
8 3001 13Tev,64pb” 5 8ok 13 TeV, 6.4 pb”
c E 7 € r D
Charge Wo50F --Data = L 250F EMaCtaStat.fﬁSyst. Unc.
200E %;ﬂggt:_\t.@s;yst. e 3 200E EEZW
- - [ Iooson
F Dib ] C -
- p; > 25 GeV, i50F M Dooson E R Bt
- |n| <2.4/2.47 (ue) ' ERRLYS
501 3 50—
* 66GeV<m;<116GeV  _ _: AN
E E .||.| o e
3 s TR e T
(Du S » !! | i}
0 100
p [GeV]

R s mn e e o o R e R e
 -eData -

> AL > ]
o -e-Data Zoe'e = @ C Z—-ut 7
9 :gg [EIMC Stgn. @® Syst. Unc. A?LAS Preliminary _; 9 500 %;ﬂiﬁla_t. @ Syst. Unc. A?EAI.IS Preliminary —
8 oo oo, 13TeV,64pb" 1 & | mDinoson 13TeV,6.4pb" |
k= o = T 400 Mzt —
H OZ-tt E I - ]
* Yield and shapes agree well”zw0- g7 E - ETop 1
. P 5 . 250 N Z->ee E 300 ZoHp =
with the SM expectation 200 E : -
ithi : 150 3 2001 =
within systematic o E : -
E 100[ 3
uncertainties 50 E C .
FEETErE " > j L PR A A
O 1.4 ! ) § T QO 148-T9 3 JE R
% 1'21 o []] 1 h 1*,% 1 [} g 1'24"” ?d + ,+L - # b
% 0.8 [ - Il ‘T P Veeves. Tt Te JI_ i“ i ﬂ % 08' i|l "L |+\+‘++ ?."%0" $o o i
O 0.6 R B L T : Leely ? i O 0. 5l9gt--1 : s ; .
70 80 90 100 110 70 80 90 100 110
ATL-PHYS-PUB-2015-021 GV m, [GoV]

22 July 2015 EPS 2015 - Markus Zinser 16



Run |l Preview: W

UNIVERSITAT Mainz

X
—
o
w
-y
o
%

—_—
w
Wé |.lV A'Fliﬁ\fs Preliminary

13 TeV, 6.4 pb”

* Exactly 1 lepton
- p;>25GeV

rTrTTT T T T T T T T T T
W—ev
W=ev amnas Preliminary

13 TeV, 6.4 pb™

Entries / 2 GeV
Entries / 2 GeV
w

25 -« Data 25 E Data
MC Stat. @ Syst. Unc.
S Inl<2.4/2.47 (We) ° - MG S 05 U s
15 =\‘l\:l|v‘u|tijet 15 = Multijet
. . =TV Wty
) ETmISS > 25 GeV 1 ETop ; [ Top
Z—tt

WZ-e'e

| \\II‘\\IJ‘\IH‘\II\II\HII\H

0.5 0.5
* m;>50GeV ) )
14 - Q14 S
= 1'217 3 n Il ?é 1'21
T . et teseccenese” . * i g 1
o8 Seestetyyt satyet | e TR
20 20 80 80 100 207 30 40 50 60 70 80 90 100
E_rll_mss [GeV] E?'Ss [GeV]
> 25)(1‘03 T 1 T T T % :103' TN
® 2.5 W 7 2.5 W-opnv —
g C Wé ev A'F;.ivs Preliminary ] g : Wé IJ-V ATLAS Preliminary
. P 13 TeV, 6.4 pb™' - o 13 TeV,6.4pb”" 1
* Yield and shapes agree wellg ~ P {1 &= B ;
. . o 15— []MC Stat. ® Syst. Unc. | L i_ [TIMC Stat. @ Syst. Une. _:
with the SM expectation ; CWer : e v :
C ] u Multijet .
. . . r BEW-tv l r .
within systematic i ETop ; t e ;
H OZ-tt ] N 0 ZOPWMV ]
H . L WZ-e'e ] 5 = -
uncertainties 0-3¢ ] . i
O 147 ‘ : o 18 ETes
14r L =l T
E 1_21_. T - S J..++|T+‘ul 1 ; 1.21 PN . 1+L+ IT How
£ B'SWW"'.""W*T* DR §oar e S T T
. () 0.6 ; A i ; pi |
60 80 100 120 140 40 60 80 100 120 140
ATL-PHYS-PUB-2015-021 [y o ooy

22 July 2015 EPS 2015 - Markus Zinser 17



Run Il Preview: Z+jets
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 Run | measurements being finalized as Run Il dataset is
coming
—Precise Run | results are still coming!

* Probes of pQCD, n-pQCD, PDFs, consistency of the SM

—In general good agreement with SM predictions
—A lot of measurements theorist can dig into

* Run Il will continue to provide precision
measurements in new kinematic regions
—>Good understanding of the detector
—Yield and shapes agree well with the SM expectation

—>ATLAS ready for first W,Z cross section measurements and
detailed follow-up studies
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Eur. Phys. J. C (2014) 74:3168

(W — ev)/(Z — ee)

(W — ) (Z — pp)

Njets | >0 >1 22 23 24 Njeus | >0 21 22 23 >4
Electron 0.89 092 093 097 1.0 Muon 1.1 1.2 1.1 0.86 0.87
JES 0.094 2.0 2.0 3.5 5.7 JES 0.10 0.84 071 1.8 2.6
JER 0.25 2.4 3.5 4.3 6.4 JER 0.094 1.6 1.8 2.6 4.2
Expiss 0.19 1.7 1.2 1.2 1.0 Eiss 0.30 1.0 0.94 0.97 0.99
tt 0.024 0.23 1.0 4.9 14 tt 0.018 0.18 087 4.3 12
Multi-jet 0.81 1.6 1.5 2.2 6.2 Multi-jet 0.20 0.60 1.1 1.7 2.7
Other backgrounds | 0.12 057 0.58 0.76 1.0 Other backgrounds | 0.21 0.24 0.28 0.42 0.60
Unfolding 0.20 0.56 0.86 1.2 14 Unfolding 0.22 0.59 090 1.2 1.2
Luminosity 0.062 0.26 0.27 0.34 0.44 Luminosity 0.10 0.12 0.11 0.088 0.023
Total | 1.3 41 48 82 18 Total | 1.2 25 3.0 59 13
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Source of
N § (o — T T I T T T T I T T I T T T I T —
uncertainty a(Zb) [%]  o(Zbb) [%] © 7000~ ATLAS ]
b-jet tagging efficiency 3.4 9.8 9_ E . E
c-jet mistag rate 0.2 2.3 % 6000 :_ 20<b_]et p‘r<30 GeV § _:
light-jet mistag rate 0.4 0.6 = - e Data\s=7TeV,4.6f" -
c : ]
JES 2.9 4.7 W 5000 e Z+b —
JER 0.3 0.7 C ]
b-jet template shape 4.8 4.8 4000 i Z+non-b j
c-jet template shape 0.2 0.6 C EE non-Z baCkgroundS .
light-jet template shape 0.9 0.9 3000 - E
b-jet template scale factor N/A 2.3 - ]
MPT 2.5 0.8 - ]
gluon splitting 1.2 1.5 2000 :_ _:
background normalisation 1.1 3.6 C _
tt modelling 0.0 2.9 1000 :_ _:
MC sample size 1.0 14 - .
lepton eﬂ’iciency,E;snclizie and resolution é? (1)2 0_ 4 ) 4 6 8 10
T . :

luminosity 1.8 1.8 CombNNc

total 7.7 14.0
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