Measurements of the Vector boson production with the

ATLAS Detector

Kostas KORDAS
Aristotle University of Thessaloniki

/Fam ) ARISTOTLE
1407 /% UNIVERSITY OF
ey’ THESSALONIKI EA“,-IE-!Thﬁé

August 23, 2017

17-29 August 2017, Kolymbari, Crete, Greece
http://indico.cermn.ch/event/icnfp2017




« The electroweak sector of the Standard Model can be tested by
precision measurements of fundamental parameters, such as the
W boson mass (my,) and the electroweak mixing angle (sin20,,)

* Precise cross section measurements of W and Z production also
constrain the PDFs and are sensitive probes of higher order QCD

In this talk:

« W mass : arXiv: 1701.07240 (submitted to EPJC)
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-18/

« W+*/- and Z cross sections : Eur. Phys. J. C77 (2017) 367
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2012-20/

« Z + jets : Eur. Phys. ). C77 (2017) 361
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-01/

« kt splitting scales in Z events : arXiv:1704.01530 (submitted to JHEP)
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-14/

o Z/y* triple differential cross section: to be submitted soon
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-18/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2012-20/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-14/

1. W mass measurement

“Measurement of the W-boson mass in pp collisions at Vs =7 TeV with the ATLAS
detector”
arXiv : 1701.07240 (submitted to EPJC)
https://atlas.web.cern.ch/Atlas/fGROUPS/PHYSICS/PAPERS/STDM-2014-18/
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W mass: precision needed ../m=wv
indirect (10)
« W mass, top mass and Higgs mass “*F————
linked via radiative corrections -t
2 ;3 ao.ss%—
m :
2 |14 — na 80.35 f- E
miy| 1= —% | = —=—(1 &)
mZ VEGJU ao.aaé— _
sssf PDG: Chin. Phys. C, 40, 100001 (2016) A
Ar receives contributions from B R TR R TR TR R TR T T TR
additional particles and interactions m, [GeV]
ALEPH . 80.440+0.051 Given the precisely measured values
: of a, G, and m;, and taking recent
L3 —— 80.270+0.055 top & Higgs mass measurements,
OPAL ——— 80.415:0.052 the SM prediction is
LEP2 — 80. q7s+0033 My - 80362 £ 8 MeV
I | Klaor=a9rm ( HEPfit group, JHEP 12 (2016) 135,
: arXiv:1608.01509 [hep-ph] )
DO —— 80.383:+0.023
Tevatron | 80. qa7+0 016 Measurement world average:
/ m,, = 80385 + 15 MeV
Overallaverage 4+ 80 3$5+0 015 at +1.50 from
80.2 80.6 SM prediction : 80362 + 8 MeV
M, [GeV] .
PDG: Chin. Phys. C, 40, 100001 (2016) 8 MeV is target for m,, measurements
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W mass : topology & method

-Miss - ) (Sum of calorimeter W mass : from fits to

=24
= — U : : . .
Pt (pT Ut energy deposits lepton p; & my distributions
T X excluding leptons) Em— .
Neutrln? - Template distributions for various m,,

; —
M. dr= ) Eri  values (with bkg included) -

s o i comparison to observed distributions
“ : yields m, based on x? test.

VoW Templates affected by bkg and also:

= -  Physics modelling (recoil description,
iy W p;, fraction of W helicity states,
PDFs)

» Detector response (energy &

momentum calibration, lepton
t A identification & reconstruction

P } efficiencies)

Lepton

Use Z — |* |- to calibrate detector,
: _ control physics modelling and
mr = \/2p,fi,p,f%‘“33(1 — COS A¢) validate the mass extraction method

Extract m,, with various selections,
cross-check and combine
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« Powheg+Pythia 8 for inclusive W and Z samples
« Reweight each event to study effect of systematics:

- effects of higher-order QCD and electroweak (EW) corrections

- results of fits to measured distributions (which improve the
agreement of simulated kinematic distributions with data)

Based on the factorization of fully differential cross-section in 4 terms:

do [da(m)] [dd(y)] do(pt,y) (dcf(y)

-1 7
) ] [(1 +cos”0) + ) Adpr.y)Picos b, ¢)
=0

dpidp, | dm dy dprdy \ dy
\ J N\ ~~ S e’
Breit Wigner Boson p; at fixed vy:
Pythia8 AZ tune
for parton shower

Boson rapidity & Polarization coefficients A.:
fixed-order NNLO pQCD prediction

Model tested with Drell-Yan measurements, Z-mass fits, control plots, and m,,
estimation from various event categories
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« QED/EW effects: FSR photons (Photos & Sanc), EW (Winhac)

Decay channel W — ev W — uv
Kinematic distribution pr mr pff mr
dmpy [MeV]

FSR (real) Final State Radiation< 0.1 < 0.1 <0.1 <O0.1 (FSR: Final State Radiation)
Pure weak and IFI corrections 3.3 2.5 3.5 2.5 (IFl: Interference Initial-Final State Rad)

1
Total 159 181 148 172y 11.6 129

FSR (pair production) 3.6 0.8 4.4 0.8
Total 4.9 2.6 5.6 2.6
« QCD modelling: PDF dominate

W-boson charge W W= : Combined -|
Kinematic distribution pL mr pL mr : pL mr I
% [|Fixed-order PDF uncertaint ) . ) . 8.0 8.7 |1
tune . 1
Charm-quark mass 1.2 |
* | Parton shower pr with heavy-flavour decorrelation 5.0 1
Parton shower PDFE uncertainty 3.6 . . . . .6 In
*  Angular coefficients 5.8 53 58 53 _ 58 53 3
|
»

- PDF uncertainty improves in the combination of W+ & W-

- pr W uncertainty (mostly from from heavy-flavour production) :
similar for W* & W~ ; similar for p; lepton & m; methods
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« Charge dependent corrections E
« Scale and resolution corrections -
derived from Z, extrapolated to W

using p; lepton spectra.

-0.05
« “Sagitta bias” (detector o
displacements or twists) from Z 015

events and also from E/p in W - ev

R L B L I I I LI I

ALAS .
015 (s -7 Tev, 4.1 fo -
0.05 ++

W ¢.¢'¥'* *

—o— Z—u + global sagitta
—¥— Combined

o
IIII|IIII|IIII|IIII IlII|IIII|IIII|IIII
R
—<

—¢e
-3
C —Q—<— ]
L1 L1111 11l

—<«

E/p method

lovv o b bvv g b v Py g |

1 Lov v v Iy
2 -15 -1 -05 0 05 1 15

Mol

_ n
« Electron ¢ m lation t : — '
meChOn_(P I dOC:CUr?n Ot' iuenc? ) Scale factors for identification,
€chanical detormation unae reconstruction & trigger efficiencies
gravity corrected with W & Z events fro‘_10% events with tag & probe
© 1,008 o ‘ATLAS +Reconstruct|oz
§ - ATLAS . & 1.01-1s=7TeV, 4.1 o —A— Trigger =
> 10041 \5=7 TeV, 4.6 b . % - Isolation ]
o - 1 3 1.005 + -
& 1.002 - 9 S o s
B L P e
O S - £ oo ]
o N i N - © 0.995F =
o= i 4 A i i 5 : ]
0.998— - S 099 = . - -
- W'sev + Z—ee ] C " " " —*—E
0.996:— 4 <E/p> Data/Pred., In|<1.2 B 0'9855_ _E
0,994 b ] 20 25 30 35 40 45 50 p'55[Ge\20
0} [rad] e R !
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— 80700 —80700¢
> = Ap (W) [OStat. Unc. > = Ap_ (W) [Stat. Unc.
3 gosso- ATLAS Vp (W) —Total Unc. < soesop ATLAS Vp (W) —Total Unc.
— - Vs=7TeV, 46" A m (W) [JStat. Unc. = - Vs=7TeV, 4.1 A m (W) [IStat. Unc.
5380600:_ | | ¥ m (W) ~Total Unc. 8380600:_ : : ¥ m (W) —Total Unc.
80550§—Wt_) et y  —Comb Fit @Total Unc. 805502_W‘*—> W o | —Comb Fit [JTotal Unc.
80500F- ; | | 80500F : : |
804505 i | | ! 80450F * | | * i
80400F- | + | | 804001 ++ e B * ? ‘

TR VS 1 - -y Y -
80350?* r+ : * : : * 803501 a + : : l Ay
80300 | Yy | 80300F | | :

80250 i i i 80250 5 5 |
80200E : : : 80200E : : l
0.0<Mn|<0.6 0.6<m|<1.2 1.8<n|<2.4 0.0<m|<0.8 0.8<M|<1.4 1.4<@|<2.0 2.0<n|<2.4
Category Category
oWty [T e All categories give consistent result:
p.worv | ATLAS I St Uncetianty validation of physics modelling and
pLWSEv | {5=7TeV,4.1-4.6 b = ahpbeduidil : : A
G b e ikl — my (Full Comb.) detector calibration. So, combine:
mp, W= T'v Stat. Uncertainty
My, W— I Full Uncertaint . . K
m: wi:Fi Iﬂ. g jii Combination  Weight
':; V\;’:f iv — R [ Electrons 0.427
—> eV
a:‘ T e e e R - Muons 0.573
mWoopv | _______________ES. | ekt RN 0NN R NUE R
mT-p'T, W s Iy —T— TT?%T 0.144
m-pl, W I —— Pr 0.856
meph Wiyl o, R 1, 1, 1] W+ 0.519
80280 80300 80320 80340 80360 80380 80400 80420 80440 80460 .
my, [MeV] W= 0.481
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my = 80370 + 7 (stat.) = 11 (exp. syst.) £ 14 (mod. syst.) MeV
m,, = 80370 £ 19 MeV , my,, — my_=—-29 = 28 MeV

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

mr-pl, W, e | 803695 | 68 ] |66 64 29 450 |83 55 92| 185 29727

(stat) (experimental) (physics modelling)

St tas  [— > [ ATiAs == m,, = 80.370 £ 0,019 GeV
DELPHI G, 80.5 ATLAS B m-17284 070 GeV
s > E§ - . my = 125.09£0.24 GeV
80.45— # 68/95% CL of m,, and m,

OPAL o C ]
i R T w04 N
0o o= e g :

RS e e e e 80.35" i
cllein = Zti?s;zzz:nty | il | . | 8030 A s 68/95% CL of Electroweak
ATLAS W* _ FluII Uncertalinty I—j-— | ; ATLAS e m, . E (ii:ry\grgl:rciz(?zgh) e ]
80250 80300 80350 80400 80450 80500 —ij:u:r;:r:;: 80.250 oL M
mW [M?l/i] Comb 80376+33 MeV mt [GeV]
As precise as previous I L _ "
single-best measurement 5 Reduced tension wit
from CDF LEP+Tevatron @-£0385%15 MeV SM EIectroWeak ﬁt
ATLAS ‘@370119 MeV
Electroweak Fit | _?%5618 MevI |
80320 80340 80360 80380 80400 80420 .
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2. W and Z cross sections

“Precision measurement and interpretation of inclusive W+, W— and Z/y* production cross sections
with the ATLAS detector”
Eur. Phys. J. C77 (2017) 367
https://atlas.web.cern.ch/Atlas/GROUPS/PHY SICS/PAPERS/STDM-2012-20/
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 “Fiducial cross sections” reported: a 5 N—-B
fraction of the total, corresponding to (pp>V+X,V > leptons)= s
the reduced phase-space and the ,.--============================-=: .
decay channels of the actual ' N-B: Observed events - bkg estimate :
measurements (so it includes 1 &: detector efficiency , L integrated luminosity
the branching fractions) Central Z/y* — €€:  prs> 20 GeV., |ngl < 2.5, 46 < myy < 150 GeV

Forward Z/y* — €€ : pr.e > 20 GeV, one lepton || < 2.5, other lepton 2.5 < |, < 4.9
66 < nyp < 150 GeV
W* - ¢ty : pr.e > 25 GeV, |ng| < 2.5, pry > 25 GeV, mr > 40 GeV .
: : C : : - 21007

« Differential distributions in rapidity L [ ATLAS
sensitive to PDFs ss 9= 7 TeV. 48

« Cross section é}
ratios 22
sensitive to .

Lepton universality and T | #oaa _

valence & s-quark distributions 0.95 | B8 RulEPe'e S wWw _
' B R, LEP+SLD e'e > Z

| O Standard Model i

1 | 1 1 | 1 1 1 1 | ]
0.95 1 1.05
RZ_G%% —e'e /Gid/y S u
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 Fiducial cross sections

L L B B L T
: T e [PD) Attas - -
‘AI!W St 2030 + 1 (stat) + 28 (syst) £ 53 (lumi) o= 7 TeV. 480
Wt s uty 2948 + 1 (stat) £ 21 (syst) £ 53 (lumi) — Data
Wt sty 2947 + 1 (stat) £ 15 (syst) £ 53 (lumi) stat. uncertainty
W~ e v 1957 & 1 (stat) & 21 (syst) £ 35 (lumi) ’ ‘:;'A eeramny
W —u v 1964 + 1 (stat) = 13 (syst) =+ 35 (lumi) o CTi4
W~ = w 1964 -+ 1 (stat) &= 11 (syst) = 35 (lumi) & HERAPDF2.0
W — ev 4896 + 2 (stat) £ 49 (syst) £ 88 (lumi) o JR14
W — pv 4912 + 1 (stat) 4 32 (syst) & 88 (lumi) A MMHT2014
W — v 4911 £ 1 (stat) £ 26 (syst) £ 88 (lumi) * NNPDF3.0
PR ISR S N AT WO SN (NN NN SR TR NN SR | 20U SR AN T N N M
Z: m,;:66-116 GeV o5/ - .. [Pb] 142 144 146 1.48 f.d1 5 1.52{d 1.54
Z/v" —eTe”  502.7 £0.5(stat) £ 2.0 (syst) £ 9.0 (lumi) ol /oMo
Z/v* — ppm 501.4 £ 0.4 (stat) £ 2.3 (syst) £ 9.0 (lumi) WiSTvE W = 1y
Z/v*t = 502.2 + 0.3 (stat) 4+ 1.7 (syst) =+ 9.0 (lumi)
. Cancellz?mon_ of Ium|n95|ty " amas | |
uncertainty in the ratios i5=7TeV, 461" a
—— Data
« Data precision —» constraining for . werany
. . . . total uncertaint O
theory predictions (uncertainties . ABM12
1 1 &= CT14 i
of the theoretical calculations e Deag
correspond to PDF only) o JR14 !
A MMHT2014
L 4 % NNPDF3.0 —f—
* Predictions for W*/Z are S N P R
9.2 9.4 9.6 9.8 10 10.2

systematlc.ally higher than ol ! OBe  pr
measured in data
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<& s e e B 160 T T

0.35 ATLAS \s=7TeV, 4.6 -

o) B L
- . Z - ATLAS 1 ZIv* — Il .
0.28F § o b £=140— \s=7TeV, 4.6 b 66 <m, < 116 GeV
- )
& CT1a w %o - © “?’0’5#“?’04#‘?’0%'%025 by, > 20 GeV -
0.26 - O HERAPDF2.0 ¥ = © 120 ’ﬁ * ’%O*-rér h1| <25 —
0.24F ¢ JR14 # = - r&g -
"L A MMHT2014 W ] 100 ¥ 7
0.22 :_ Y NNPDF3.0 _: B 'ﬁ,éer 7]
~ — Uncorr. uncertainty ? ] 80__ * _]
0.2 :_ [ Total uncertainty % _: . Data - _
0.181— .ﬁ? wt-w ] 60 * ABMmi2 ]
100 . [ 5 CTi4 i
0.16 Lepton Asymmetry_ ~ O HERAPDF2.0 s
. = + A pT’|>25GeV . 40__ 5 JRi4 . ]
0 14% . P, > 25 GeV — C A MMHT2014 :?”tc‘l’: “”Cte?"’:'”ty .
.. (e S 200 s wworeo U e T
S 1.0568 T T = S 1,055 '=|====|=H=|====|===_:
S ponl S 1o T *WA‘W
2 0.95¢ t>o.95-+¢*+ +o¢,,r, +°¢+ M’H L
L Il 1 1 O L Il Il E
é’ 0 0.5 1 1.5 2 2.5 2 9 05 ] 15 5
m 2 |
W+ [/ W- Lepton Asymmetry: Z rapidity:

Difference over Sum of cross sections

Most predictions lower than data in |y|<1
Experimental accuracy at the <1% level Potential problem in description of
Good agreement with theory s-quark vs. sea d-quarks ?

( Predictions computed at NNLO QCD with NLO EW corrections )
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(s+8)/(u+d)(x,07)

xd(x,@%

PDF profiling

CE 2 T T LI B B B B | T T
2 T T T T T 11 || T T N - 2 2 | .
L @2=1.9GeV®?  ATLAS ] — O  @=19GeV"  ATLAS ;
1.8 4% MMHT14 4« Original PDFs X 1.8 %% MMHT14 profiled -
F & CT14 ] 3 ) ] 6: &> CT14 profiled E
1.6F - _S(X)+S(X) e - ]
- - RS(X) — _ = v 14 -
: a(x)+d(x) 3 :
- . . . 1.2 =
12 71 After “profiled” with ' :
118 3 new W & Z differential =1 =
.:.:I’;;.;.,., 4 ] : C ]
e § cross section gtz )b ~
0.6 FXXRXEHRLRLCINS Rl S-quarks not suppressed 08¢ :
0000000000000000000000v“_‘\OA\O.OOOQ L -
0.4 ERRRRLRERNNDN g wertvalence u, d at low X 0.4F / =
TN o _ - i
0.2- - w Uncertainty reduces 0.2— P E—
3 2 A i : 10° 107 10
10 10 107 significantly, especially X
at x~0.023
B L LR ' H a B L L ' H
06 ©@=19GeV*  ATLAS _‘ O o6l @*=19GeV*  ATLAS .
- %% MMHT14 ] > - %% MMHT14 ]
- &> MMHT14 profiled . @ - & MMHT14 profiled ]
0.5 7] 0.5 -]
: ] After “profiling”: :
0.455 7 Valenceuandd 0.4 E
1— reduced, ]
0.3 = 0.3 b
1 s-quark ]
0.2 1 enhanced 0.20 E
0.1 - 0.1 h
] N N i
| | 1 - " i
10
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QCD fit to data — > PDF set: ATLAS-epWZ16
E 500 ATLAS o
= CW o [V, 1s=7TeV, 4.6 fbo” & 0.9 ATLAS Q’=1.9 GeV* S [ anas Q?=1.9 GeV?
£ C x . ATLAS-epWZ16 ss 0.51 ATLAS-epWZ16
T 450 - 0.8 m— par+ex a"l'}gg unc. 5 i s paL+EXD +mod unc.
o) - X C = €XpP UNC. x L d unc.
ko] - C i == €XP uUnc.
400F 0.4f
350;— 0.3:
300F _,_ ATLAS Data .
E ¢ uncorrelated unc. 0.21
250 i total unc. C
E —— Theory ot
200} - - - Theory + shifts ATLAS-epWZ16 T
© E P R T T S SR R ST N
5 1.02f N S R
5 - 10-3 10-2 10-1
- 1 X
] -
2 0.98[- . )
F 0 1 2
ull
« QCD fit is pertormed using DIS HERA I+l and ATLAS
LA LA L L LA L L LA RN
DY data Q2 = 1.9 GeV?, x=0.023 ATLAS
. . s ABM12 -+
« Data are described well by fit = NNPDF3.0 —=—
o MMHT14 S

- Fit determines a new set of PDFs: ATLAS-epWZ16 |'ttv o  _
smaller uncertainties than previous ATLAS-epWZ12

ATLAS-epWZ16

Set exp uncertainty
) M exp+mod+par uncertainty
« Measured R confirms unsuppressed strangenes | ewsmodpansthyuncertainty ] | |
at low x~0.023 and low Q2 = 1.9 GeV? 00204 06 08 1 12 14
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3. Z + jets cross sections
(Jets with with p+ > 30 GeV, |y|<2.5)

‘Measurements of the production cross section of a Z boson in association with jets in pp collisions at
Vs = 13 TeV with the ATLAS detector”
Eur. Phys. J. C77 (2017) 361
https://atlas.web.cern.ch/Atlas/GROUPS/PHY SICS/PAPERS/STDM-2016-01/

Jet production
In association with a leptonically decaying heavy gauge boson (W, Z)
allows effects of the strong interaction to be studied
In a relatively clean environment

ICNFP2017 - 23 Aug. 2017 K. Kordas - Vector bosons in ATLAS 17


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-01/

10°

3 106 | | | | | ;‘ T | T 1T | T T T 1T T T T 1 | T T T 1T I T 1T T 1T | T T T 1T
& ATLAS ZIy*(— I'T) + jets 8 10 ATLAS /Zﬁ/}(*(; ') + =1 jet
o 5 -1 A /# Data
2 10 13 TeV, 3.16 fb ‘¢ Data o 13 TeV, 3.16 fb™ m Z+>1jetN__NNLO
pzd anti-k_iets. R = 0.4 B BLACKHAT + SHERPA o = et
+ ot ATTIES et S 52 - 1w <. B BLACKHAT + SHERPA
e pJTe‘ >30GeV,|y |<25 * HERPA 2. “a- " *\A, . A SHERPA 2.2
N 10° " ALPGEN+PY6 B o L - /ey +  ALPGEN+PY6
) v MG5_aMC + PY8 CKKWL S a, e W v MG5_aMC+PY8 CKKWL
102 e [® MG5_aMC+ PY8 FxFx 102 . SO, - e MG5_aMC+PY8 FxFx
‘ iy /ess ==
B RS
—& §
10 - 103 . **33 . . s
1 o .I. /e[s, X102 P = 22 a2
(e £25 10* i S6s aas
10 22 et 10° o 24
B " S, x710-3 R s
10-2 //4/31/7 ., '/ 70 '
| | | | | | | . [ 717
© E 1 T T T T T T — 106 K R_04 /,/'///
S 1.2 = anti-k, jets, R = 0. i
o E t 8
= 72 107 pJet 30G v| 'etl 25 -
o) 0.8 E_ / //é 0 E > e y I< E
T | | | | | | 3 5 T
% 125_l T T T T [ R % 15 Z_Z/Y +>1jet v v
S g ) s Y =R W i7 )é A
8 0.8 S . 4 % ”0// ” / /% 8 - %
N s BE - Eaasaanne=
© E , = g o ]
g 12 E ’ 3 f 8 = Z/y +>219ts vy I v E
I f ;o :
8 o8 (L7 iz s F E
o E | | | e = S VR e N E R T B R B
S0 S S5 33 4 35 6 = 100 200 300 400 500 600 700
jet . .
Nets dT (leading jet) [GeV]

NLO Sherpa 2.2, Alpgen+Py6 and MG5_aMC+Py8 FxFx not OK for high jet multiplicity, where a
non-negligible fraction of the jets are from parton shower
- LO generator MG5_aMC+Py8 CKKWL seems OK for jet multiplicity

NLO BlackHat+Sherpa, Sherpa 2.2,and MG5 _aMC+Py8 FxFx, OK for jet pT
-  MG5_aMC+Py8 CKKWL predicts a too-hard jet pT spectrum at high pT
 indication that the dynamic uF & PR scale used in the generation is not

aEEroeriate for the full '|et ET range
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5 | 1 T | | | e = S e e o e e e e L B A=
* ; > E

g ATLAS _z/y (=) +>2jets 8 ATLAS Zi*(— IT) + =1 jet 3
S 1P 13TeV,3.16 0" /% Data — S 10°E 13 TeV, 3.16 b % Data =
&= " anti-k, jets, R = 0.4 B BLACKHAT + SHERPA . 2 anti-k_jets, R = 0.4 m Z+=1jetN_ NNLO 3
_g C P> 30 GeV |yiet|<25 A SHERPA 2.2 . all o v I 'm BLACKHAT+SHERPA
B T ’ © ALPGEN+PY6 ] % Py >80GeV,ly [<25 4 /S\EEEES 2.F?Y6 3

o & ¢ +

B v MG5_aMC+PY8 CKKWL _| © 1 - v MG5_aMC+PY8 CKKWIE

i o MOS aMCHPYe Px g F *a 1®1 MG5_aMC+ PY8 FxFx -
4//4/4 107 fa E

" = . :

| — 102 LI =

10: s 7/'7/ n E 7—.*""__‘ §
- » ﬁﬁw . 10° ke ‘ =

d : 4 - - '—/47‘44;

P I RS RS TR T 10'45I | | | | | =

. S I I , 5+ | | | S
s 2k e B 12F E
D B : 4
2 0.8 & — o =
& e o Ml
8 = = © R
c 12 &= — © A
e : 27
E 08 E Y KK ATA ‘% -g A//_%
© I e AN o s 5 t N
© 12 - — 5 =
N AR d 2
B 08 E = '8 g
o SR B B E R U PSR Br= a I T -
0 05 1 1.5 2 2.5 3 200 400 600 800 1000 1200 1400

Aq)jj[rad]

H, [GeV]

« Relative jet topology (mostly back-to-back) modelled by all Z -
pPr

« MG5_aMC+Py8 CKKWL - overestimates contribution at large H;
(hard jets)

« BlackHat+Sherpa (fixed order NLO) underestimates at HT > 300 GeV due to
missing contribution from higher parton multiplicities (higher orders in pQCD) -

-solved with Njetti NNLO ___
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4. kt splitting scales in Z events

“Measurement of the kt splitting scales in Z—{f events in pp collisions at Vs=8 TeV with the ATLAS
detector”
arXiv:1704.01530 (submitted to JHEP)
https://atlas.web.cern.ch/Atlas/GROUPS/PHY SICS/PAPERS/STDM-2015-14/

Studying of jet production rates at different resolution scales
Instead of jet properties like jet pT we saw just before

ICNFP2017 - 23 Aug. 2017 K. Kordas - Vector bosons in ATLAS 20


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-14/

For a given iteration the

number of input momenta drops
from k+1 - Kk,

and a “splitting scale” is defined:

di = min(d;;, d;p)
i.J

*if min is d;; » combine i,
*if min is d; » remove |
from list and call it a jet

The index k defines the
“order of the splitting scale”,
k= 0 : last iteration step
before algorithm terminates
Vdo = “zeroth-order splitting
scale” = leading jet p;

Nth splitting scale, d, :
distance measure at which

an N-jet event is resolved
as an (N+1)-jet event

Make differential cross sections

Differential
event
counting
as function

of\ﬁ

[Events / GeV]

N
d|d,

Prediction
Data

as function of these scales with reasonable

uncertainties (luminosity: 1.9%)
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ATLAS '—.+.—IData (.201l2) .

10° [

e 's=8TeV,202f" — AQASIEi)jé[;]etS

10 Z— p'u,R=0.4 mmEW Z+jets

e g= Top quarks
— W(W)

10* [ A

= svadeteyqrrrrrge EE--S------- i--

1 1'0 162
(d, [GeV]
Soft region « activity - Hard region

- = T T T ] T ™
X 25 ATLAS =
> E Vs=8Tev,202f"  |ttooooee 3
= 20 Z »ete,R=04 —
..g L — Total uncertainty ]
() 15[-- - - Unfolding -
CCJ [ _...- Experimental ]
S C ... Data statistics ]
= 10:_— MC statistics _:
c e B e .
2 S T =
Q Tt e N
L% 0:‘.....,2.,:@ R S T i
1 10 10?
/d, [GeV]
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Differential cross sections for various spllttmg scales

; 102 T T T T T T T T LI B R B | ™ ;!
i - ATLAS O — ATLAS
= 10 T Vs =8TeV, 20.2 fb" ~ = Vs =8TeV, 20.2 fb"
= 1 “--_ Z—e'e,R=04 2 10 —__ Z-se'e,R=04
@) _oo =='=_ © 'O'\ _=
-O|% 107" —== U’% 1 R
102 k- 4 Data (2012) T 10" E & Data (2012)
.09 E- \8MEPS@NLO o2 EMEPS@NLO
-+ NNLOPS -+ NNLOPS
107 107
5 s F ‘
BlE 15 Ble ok N
= =|© L
g = 1 8 = 1 e —_—
o o e T )

1 10
3 - \d, [GeV]

Low order splitting scales: Both pred|ct|onsunderest|mate the cross section in
the peak region (~3 GeV) by ~10-20, %. -Consistent with the data at 10 GeV.

Both overshoot the data sgm.ﬁ-cahtly in the region close to 1 GeV.

High order splitting scales. MEPS@NLO prediction agrees well with the data at
hard region, where NNLOPS prediction overestimates the cross section

The level of agreement of the NNLOPS predictions in the soft region is improved
significantly for the higher-order splitting scales.

l|_..
'O
=
)
a
o
®
(0)
<
o
w

— Discrepancies indicate that data can provide new input for the tuning of the
Monte Carlo event generators
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5. ZIy* — I" I triple differential cross section

TO BE SUBMITTED FOR PUBLICATION SOON
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Triple differential cross-section measurement
( cosb* in Collins-Soper frame )

d3o

dﬁl{gdyg{d COS HES

- Sensitivity to the PDFs and the Z forward-backward
asymmetry, AFB

- Builds foundation for a possible future extraction of the

TO BE SUBMITTED FOR PUBLICATION SOON

weak-mixing angle.

* Previous result at 7 TeV, 4.6 /fb [JHEP09(2015)049]

limited by PDF uncertaitnies

ATLAS, e CC
ATLAS, e CF
ATLAS,
ATLAS combined
CMS

DO

CDF

LEP, A2
LEP, A2
SLD, A .
LEP+SLC
PDG Fit
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— ATLAS

! |
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K. Kordas - Vector bosons in ATLAS

eff

24



<
O
O
v
<
=
<
=
-
m
-
o
a4
O
L.
Q
L
-
=
=
m
-
n
[
O
=

foie]
dm,dly |[dcose”

1. Each
plot
refers to
an m,

bin

2.
Function

[pb/GeV]

Pred./Data Pred./Data Pred./Data Pred./Data Pred./Data Pred./Data

A RRERE T B

03— ® B Y AOO Data i

C ATLAS Preliminary [J Ao Prediction cost*[+0.7—%1.0] ]

- {s=8TeV,20.21b" Ao Prediction cos6*[+0.4—10.7] —

0.25— 66 < m, < 80 GeV Ao Prediction cos6*[+0.0—+0.4] |

0.2] LI ’ -

’/ v v :

0. — \A _:

C T ]

0.1 o N ]

;# 2 ot n T N .

= Q ~ & e -

0.05— ) ]

C 2 i ]

[ P I W I N e =¥ SSE.

1.2:_ @ Data s2¢ Pred. [-1.0<c0s6%<-0.7] 3

I A e R B
0.8 SEEELRRR
| oE_ i Datass:Pred. [0.7<cos0'<-0.4]

-I Daté — Isred. '[—0.4<Icose*'<0.0] '

FVV e et e

yon Data 522 Pred. [0.7<c0s8*<1.0] |
1 R

Axlglyly

II|III|III|III III|IIIlIII|III III|I§

573 2.4

of y,

ly,

0 02 04 06 08 1 12 14 16 1Ii 2

ICNFP2017 - 23 Aug. 2017

&’
dmdly |dcos6

— [pb/GeV]

Pred./Data Pred./Data Pred./Data Pred./Data Pred./Data Pred./Data

- ATLAS Preliminary — b 400 Data

B o Prediction cos6*[+0.7—+1.0] |
- 1s=8TeV,20.21b" Ao Prediction cos6*[+0.4—+0.7] -
80 <m, <91 GeV AG Prediction cose*[+0.0—+0.4]

a

T
34
Pt
o L
=3
>4

pt
£
e

;

—_
IIII|IIII|

pen Data 22 Pred. [-1.0<c0s6*<-0.7]

!|||!|||!|||!|||!|11!||1!|||‘

i]||||||
b

|III III|II

sm Data 52 Pred. [-0.7<c0s6%<-0.4]

[T

0.9E-
1 {E_ w1 Data === Pred. [-0.4<c0s0"<0.0]

e e N ¥ o N W W ¥ ¥
0.9

s Data === Pred. [0.0<c0s6°<0.4] |

-

.
<|IIII|III III|II
q

yo1 Data 52 Pred. [0.7<c0s6°<1.0] |

III|III III|I )

=) -\ =Y o o o

ﬂ-%—lfi
|
#

0 02 04 06 08 1 12 14 16 18 2

K. Kordas - Vector bosons in ATLAS

3.
Compares
>0 & <0
symmetric
cosO* bins

Negative FB-asymmetry below the Z—Eeak, vanishing at the Eeak, and...
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* The data accuracy is better than 0.5% in the Z-peak region for|y££| <14
* Overall good agreement between data and Powheg-based predictions.
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TO BE SUBMITTED FOR PUBLICATION SOON
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Drell-Yan signal MC uses Powheg with CT10 PDF set,

with mass-dependent NNLO/NLO k-factor and pT(£/)-dependent
polarisation coefficients correction computed using DYNNLO
1D (mass) on left: Powheg-based prediction in good agreement with/data
overall;

2D on right: Notice the great precision of the data compared to the
prediction (blue theory band includes the theoretical PDF uncertainty) -
potential to constrain PDFs

TO BE SUBMITTED FOR PUBLICATION SOON
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Summary & Conclusions

W mass:
— first ATLAS measurement: my, = 80370 = 19 MeV (same precision as CDF),

better agreement of measurements with electroweak fits

W and Z cross sections:
- precision at sub-percent level, discriminating predictions

- powerful tools for PDFs : new PDF set ATLAS-epWZ16 ; valence & s-quark
distributions; s-quark ratio to light sea-quarks at low x ~ 1

Jets activity in Z events:
- input for further optimisation of MC generators of Z+jet production

- powerful test of pQCD for processes with high number of partons in the final
state

Kt splitting scales in Z events:
- sensitive to the hard perturbative modelling and soft hadronic activity:
complementary input to standard jet measurements, in particular in the
transition region.

- With their specific identification of QCD jet evolution they provide means to
constrain and potentially tune Monte Carlo event generators

Triple differential Z/y cross section

- Mass, rapidity and cos6*. A.g, on the road the weak-mixing angle

ICNFP2017 - 23 Aug. 2017 K. Kordas - Vector bosons in ATLAS
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ﬁmlss — (ﬁ ) (Sum of calorimeter < W mass : from fits to lepton
T energy deposits pr and transverse mass

Netrino [ excluding leptons) distributions
- Lepton p; > 30 GeV
- Recoil u; < 30 GeV
- missing p; > 30 GeV

~ m; > 60 GeV

LN ﬁ/ b « Template distributions for
N £ various m,, values (with bkg
Lepton W= == included) - co_mpz?rison to
pt / () observed distributions yields
T) m,, based on x? test.

mr = \/ZpT pm‘ss(l — cos Ag)

(transverse mass)
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ﬁmiss _ _( y ﬁfT) (Sum of calorimeter W mass : from fits to
T OT energy deposits lepton p; & my distributions
Netrino R excluding leptons)

-
; ‘\ ; =
. -.-
e e
S "-L‘mxh .
- .

\/ 2p5 pm‘“(l cos A@)

(transverse mass)
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Template distributions for various m,,

values (with bkg included) —»
comparison to observed distributions
yields m, based on x? test.

x10°
ATLAS ‘@ Data
\s=7TeV, 4.1fb" W - v

[] Background
¥2/dof = 20/39

Events / 0.5 GeV

Data / Pred.

30 82 34 36 38 40 4'2 44 46 48 50
P, [GeV]
Example lepton p; (W* - putv)

( for W at rest: lepton p; has Jacobian
edge at m, / 2, while m; has an end-
point at m, )
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« Pythia8 p;-ordered parton shower

]

IITIITII'II'III'II['III‘IIIIII'I'\III

1

SR .
> 0.08-ATLAS —— Data E
used as model for the p W B, o7 \s=7TeV, 47" —— Pythia 8 4C Tune:
Q_|_ 006: pp—Z+X = PythlaSAZ Tune]
- AZ tune: parameters of E '
the model fit to the pT b 0%
~— 0.04

Z measurement at 7
TeV [ JHEP 09 (2014) S
145 ] / 0.02

0.01
- The Pythia8 AZ tune . ST o
describe the p; Z data o [GeV]

within 2% inclusively

:Ililllllll*ll+|lll\|IIII|IIII|I

o
)]
_E
oL
—k
4]
N
o

and in rapidity bins & '4EATLAS ~4- Data E
1.3:—\s=7TeV, pp—Z+X, 4.7 b —¥— Pythia 8 AZ Tung
1 oF-Vs=7TeV, pp>W+X, 30 pb’’ =
« Pythia8 is used to transfer from I — E
the pT Z to the pT W distribution 0.9 o E
and to evaluate theory 0.85 —— -
uncertainties on the W/Z pT ratio 0.75- — 4, -
0.6 =
Ry/z : ratio of pT shapes 0.5t
P, [GeV]
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Use DYNNLO (fixed order NNLO) 32 ;ig;;\;j_xg"""'"""""""""""""""g
with CT10nnlo PDF set £ o 's=7TeV, 460" E
© = ppoWiX 3
. . . © - =
Validated in W and Z cross section | :gg=======
measurements [ arXiv:1612.03016, S0k E
submitted to EPJC ] 450E- E
. . 400F —— =
ATLAS Z polarization measurement 3505 —s- Data (W) e
validates fixed-order prediction - —+— Data (W) ==
HEPOB20160150 1 © b R Pdon CTIOM) | S
J S S by T T T
- Uncertainties assigned and |
propagated from Z to W
o 12— o
< 1'2_ ATLASI - I—I+—IDlatal o I: = EATLAS ) —4— Data
1_\3 8 TeV, 20.3 fb! == DYNNLO (CT10nnlo) -] 1—\s=8TeV,20.3fb == DYNNLO (CT10nnlo)
L pp—Z+X ] [ PPoZeX
0.8 ] 0.8~
0.63— — 0.6F-
0.4:— R 0.4F =
0.2:— R 0.2 -
0;.-0-‘ _: Of L L N ol -
0 20 40 80 80 100 0 20 40 60 80 100
pﬂ [GeV] — p[:_ [GeV]
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* Correct pile-up multiplicity in MC to
match the data ,_

e Correct for residual differences in the
2 E; distribution

hadronic recoil

x10° it
R BN QAR LT AR B s
g 100 4 —— Z—pu*u (before transf.) _7
Y - \s=7TeV, 4110 B Z-p'y (aftertransf.) .
e = %
c B ]
G>J 60__ =] -
T - .
B E SO -
20— — [ 3 e Data E
It E Y) 120 ATLAS —— Z—p*p- (before corr.) —
AN s=7TeV, 4.1fb"
: ; ; : : i E 18= : B Z-p'u (after corr.) 3
8 1.05 i e e H"H ........ llllll I | HHE ﬂ 100 :_ _:
0 1 HW—-——-M +. + 1+ -HTH C - -
e ettt H}l l S  80F E
£ 0 2oo 400 600 800 1000 1200 1400 W o —
- 2 E, [GeV] a0F- =
20 E
e T Ty . —r
. . @ 105 .
« Derive scale and resolution & 'l"|'+{++++++++f‘+w-”"“'“m__:'___w_‘ i+
corrections from the P balance in Z £ 56 40 @0 20 -0 0 10 20 30 40 50
0
events > i pr 16V
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« Correct pile-up multiplicity in MC to
match the data
« Correct for residual differences in the
2 E; distribution
hadronic recoil
« Derive scale & resolution corrections i
from the p; balance in Z events
> 85' ATias G cRliEhiint- <
S TEis=7Tev, 411" 3 %
Shil = D -
ui- 6L l Zfiu (before corr.) =B=fe_: x10°
ll 5:_ —4— Z—up (after corr.) —— = % 20 R Iol[sat'al R s
3 4%_ _._+ﬂ= _g (oD 100:— ATLAS 1 —— Z—p*u- (before transf.) _:
= e ] N - \s=7TeV, 4110 B Z-u'u (after transf.)
3 = o B0 =
= == = e - ;
2c i 8 ek -
== = L - ]
- 40— =
05 3 201 =
i 5 B
> 04 @ 0ol e l“]’]",’]‘":""""'_;.."
[0} E «MM | AEINAL 1k
& o2 L i ****“‘”*’f*’f** ________ it Hl
e £ 0 200 400 600 800 1000 1200 1400
& -0.2F 2 * E; [GeV]
& —0.4F : . \ . ; \ . . . =
B [ e TR R T T
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« Estimated number of multijet-background
events as a function of the lower bound of
the isolation-variable range used to define
the control regions.

« The estimation is performed for the two
regions FR1 and FR2 with different bkg
fraction and three distributions pTmiss, mT,
and pTZ/mT.

« The linear extrapolations are indicated by the
solid lines. The thick crosses show the results
of the linear extrapolation of the background
estimate to the signal region,_including
uncertainties from the extrapolation_only. The
thin crosses also include the uncertai
induced by the contamination of the contr
regions by EW and top-quark processes.

Kinematic distribution pgr mr

Decay channel W — ev W — uv W — ev W — pv
W-boson charge w+ w- wt w- wt w- wt W~
dmw [MeV]

W — v (fraction, shape) 0.1 01 01 02 01 02 01 03
Z — ce (fraction, shape) 33 4.8 S - 43 6.4 . -
Z — pp (fraction, shape) - - 3.5 45 - - 43 5.2
Z — 77 (fraction, shape) 01 01 01 02 01 02 01 03
WW, WZ, ZZ (fraction) 0.1 0.1 0.1 0.1 0.4 0.4 0.3 0.4

Top (fraction) 01 01 01 01 03 03 03 03
Multijet (fraction) 32 36 18 24 81 86 37 46
Multijet (shape) 38 31 16 15 86 80 25 24
Total 60 6.8 43 53 126 134 62 74
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Events / 0.05

events Data/Fit

Number of multij

1 07 A TLAS D‘ata
—7TeV 4.6 fb —— Fit result
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10 ] Multijets
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20000 Fittom, (FR1) ¥ Fittom, (FR2)

- P
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=l bbbl

0
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g L ' ' i = 80— 77 1T
= 650 — ATLAS — et - ATLAS W | v 1
= - \s=7TeV,4.6f0" ] = 460 \s=7TeVv, 46" o >25GeV -
) > T, N
g - i B 440 P, >25GeV
600 0 — © m; > 40 GeV .
B °+ + + ] 420 - ]
’%‘ + + I - °+ o .
550 'EF 400 ! + ) =
i i 380 w —
L e b Wt Tty u ’F’%‘ ]
e ] e Data + ]
500~ * ABMI2 P, >25GeV. 7 360: * ABM12 + %o .
- CT4 Py, >25GeV - - 25 CT14 % B
O HERAPDF2.0 m; > 40 GeV ] 340 :_ O HERAPDF2.0 + %p .
L 0 JR14 . i E o JR14 | N
450[- o e LU - POE o e e =
- NNPDFIS'O Iluminosity excllude (£1.8%) | . 300 | ¥ NNPDF3.0 luminosity excluded (£ 1.8%) _:
gross T g 105 e
= = T T T OA T 0
g0.95?+°4'r’+°%+°%+°¢++ T = 0.95¢
E L o
£ 0 0.5 1 2 0.5 1 15 2 25
|_

|

Uncertainty on measured shape is ~0.1 - 0.2% per bin : large constraining power

All predictions besides HERAPDF2.0 lower than measurements, and all with
large PDF uncertainties

( Predictions computed at NNLO QCD with NLO EW corrections )
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Z rapidity:

Most predictions lower than data in |y|<1

Potential problem in description of

s-quark vs. sea d-quarks ?

Z rapidity: OK for Z rapidity 1.1 < |y| < 3.5
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 Sherpa 2.2, Alpgen+Py6, MG5 aMC+Py8 FxFx do not describe data for high jet
multiplicity, where large fraction of jets produced by PS.

- MG5 aMC+Py8 CKKWL seems OK for jet multiplicity
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 Splitting scales of jets constructed with the “k, clustering
algorithm”: infrared-safe, based on sequential combination

of objects in a list till exhausting the list.

Combinations based on two distances:
2 - .

AR > > >
. 2 2 Ly _
1) dij = min (pT,i’pT,j) X F, (ﬂ.RU) = (yi — yj) + ({f?; — qu.)
2)dip = p?r‘,-, < each item compared to the beam axis
Po Po
........................................ b b
(a) Step 1. (b) Step 2.

(c) Step 3. (d) Step 4.

For a given iteration the
number of input momenta
drops from k+1 - Kk,

and a “splitting scale”

is defined:

di = min(d;;, d;p)
i,]

*if min is d; -» combine i,j
*if min is d;, » remove |
from list and call it a jet
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Triple differential cross-section measurement PBor

CS: Collins-Soper frame. dmeediyecd cos B

- Sensitivity to the PDFs and the Z forward-backward
asymmetry, AFB

 Difference in Z /vy couplings allows for PDF
decomposition

« Terms proportional to Z and y contribute
differently at different m//

 Interference term generates cos6* asymmetry
which changes sign at m,. The asymmetry

vanishes at y// = 0, and increases with y/{, due
to larger difference in g and "q contributions.
- Builds foundation for a possible future extraction of the
weak-mixing angle.

* Previous result at 7 TeV, 4.6 /fb [JHEP09(2015)049]
limited by PDF uncertaitnies

TO BE SUBMITTED FOR PUBLICATION SOON
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