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® Good agreement between theory and data
® High precision of experimental and theoretical measurements:
» current level of understanding up to NNLO
» test of SM model, understanding of pQCD and electroweak (EW) processes

® Probe the proton at different average x values = PDF constraints
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4.6 b, 7 TeV

Inclusive W', W™ and Z/y* production cross sections

Eur. Phys. J. C 77 (2017) 367

* Integrated and differential cross sections
* Ratios of W/Z boson cross sections

* Comparison with theoretical predictions
* Lepton universality

* New PDF set

* Strange-quark density determination


https://arxiv.org/abs/1612.03016

IW and Z production and ratios

® Drell-Yan dilepton production of W and Z bosons is a clear signature: - et

» large statistics A
» small background contamination | N
® Different quark combinations contribute to Z and W processes (’/ o
» Sensitivity to u and d quarks: ud =+ W- ud - W* dd = Z A
® Ratios: ; e i
® W*/W': sensitive to difference of u, and d, valence-quark distributions
® W/Z: sensitive to strange-quark distribution
» offer cancelation of systematics uncertainties

» potential to improve quark PDFs
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IW and Z cross-section definitions

measured candidate events

o =

® Fiducial and total cross sections:

integrated luminosity

» Fiducial phase space:

background events acceptance factor
_ fid
NW[Z] BW[Z] , o' = o
: =
Lint '|CW[Z] AW[Z]

correction factor for detector efficiency

W Z
central (CC) forward (electrons) (CF)
PT.v >25 GeV >20 GeV >20 GeV
|;’]g| 2.5 2.5 2.5 (¢1) or 2.5-4.9 (&)
mt(m,) | >40 GeV 46-150GeV 66-150 GeV

® Differential cross sections

» W=—¢y: pseudorapidity bins, Iz

» Z/y*—: rapidity bins, lyd, in three mass regions my = [46, 66,116,150] GeV
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® Selected candidates

» W—rev: ~13M

» W—uv: ~16M

» Z—ee: 1M (CQ), 320k (CF)
» Z—up: 1.6M

® Signal MC: Powheg+Pythia

®Background estimation:

- EW & tt from MC

- QCD multi-jet: data-
driven

® Background
contamination:

» W—ev: ~7-9%

» 2 <1%(CC), ~3%(CF)
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IW and Z integrated cross sections

® Fiducial integrated cross sections of W and Z production in electron and muon channels
were combined

® Most precise vector boson measurements:

= Z (W) cross section is 10 (3.5) times precise then previous results (arXiv:1109.5141)

v 0.32% for Z boson L .
+ 1.8 % luminosity uncertainty
v 0.5% (0.6%) for W*(W-) bosons

O-a?—%l/ [pb]

® Main systematics contributions

WT — ety 2939 £ 1 (stat) & 28 (syst) £ 53 (lumi)
to the measurements: Wt —utv 2948 + 1 (stat) 4 21 (syst) + 53 (lumi)
» Reconstruction efficiencies of W=ty 2947 £ 1 (stat) + 15 (syst) = 53 (lumi)

W~ —e v 1957 4+ 1 (stat) + 21 (syst) £ 35 (lumi)

the leptons (<0.3% for 2 <0.2%  w- — ;5 1964 + 1 (stat) + 13 (syst) % 35 (lumi)
for W) W~ =/ 1964 + 1 (stat) £+ 11 (syst) £ 35 (lumi)

. W — ev 4896 + 2 (stat) 4 49 (syst) 4 88 (lumi)

» W signal modelling (<0.64%) W — v 4912 + 1 (stat) + 32 (syst) + 88 (lumi)
» Background estimation ( <0.72 W — lv 4911 £ 1 (stat) 4= 26 (syst) £ 88 (lumi)

Ad
o OZ/y* it [pb]
for W and 0.14% for Z) Z/y* —eTe”  502.74 0.5 (stat) Zt 2.0 (syst) £ 9.0 (lumi)

Z/v* — putu~  501.44 0.4 (stat) £ 2.3 (syst) £ 9.0 (lumi)
Z/v* — el 502.2 + 0.3 (stat) £ 1.7 (syst) £ 9.0 (lumi)
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https://arxiv.org/abs/1109.5141

ILepton universality

0.95

N. Zakharchuk

I I | I
- ATLAS

| Vs=7TeV,4.61b"

| - Data

- BB R, LEPe'e - W'W
- R, LEP+SLDe'e > Z
| O Standard Model

| | |
0.95 1
RZ - Gfid/,y* N e+e-

® Ratio of the electron-to-muon ratios for

W and Z bosons

» Good agreement with Standard Model

» Rw: more precise measurement than
the combination of LEP results from

ete>»W*W- data

» Rz: good agreement with e*fe—Z LEP

and SLC data

v Rwand Rz measurements confirm
lepton universality in the weak vector-

boson decays

Low x 2017
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Comparison with the predictions

3.2 - ——————— ® Predictions:
_ATLAS ls=7TeV,4.6f" _
® NNLO pQCD: DYNNLO1.5 and FEWZ3.1b2

| ®NLO EWK corrections: MCSANC1.2 (ISR photon, EW
_ loop correction and etc.)

CT14
HERAPDF2.0
JR14
MMHT2014
NNPDF3.0

w
|
> Ogr % e

» Data measurements are more precise then predictions —

o8l _ constrain power

: Iglc:t;"’ww | » Predictions for different PDF sets are lower then data

: = PETYvp—— ® Ratios
26708 e Icédl | '[;;.1 » W*/W': described by predictions

W » W/Z: predictions are higher than data
v Comparable with W/Z ratio at 13 TeV (Phys.Lett. B/59

o 7Tev lOle) 13 TeV,50ns
e W || e Wiz law

—— Data
stat. uncertainty
[ total uncertainty
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http://www.sciencedirect.com/science/article/pii/S0370269316302763
http://www.sciencedirect.com/science/article/pii/S0370269316302763

IW and Z differential cross sections
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® The electron and muon channels were combined:
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» Precision of combined differential cross sections:

v 0.4-0.6% for the W+ and W- and central Z peak measurements
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® Cross sections are compared to NNLO pQCD predictions
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» W: good description by ABM12 and other predictions are below data

» the difference for many PDF do not exceed luminosity uncertainty

» Z: all predictions are below the data

N. Zakharchuk
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Interpretation of results

PDF constrains

§ F Gorscev | atias 16 °F @-1sav " aras ] @ Impact of measurements on
X 1.8 45 MMHT14 -1 X 1.8F 4% MMHT14 profiled - . . . .
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£ 16 g 1E .
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IQCD analysis

® Measurements are combined with final (DIS) HERA |+II data: ATLAS-epWZ16

more sensitivity light-quark composition at low x

reduced uncertainties

S 0.9 ATLAS Q%=1.9 GeV? S [ amas Q%=1.9 GeV? S [ amas Q%=1.9 GeV?
X f ATLAS-epWZ16 x 0.5¢ ATLAS-epWZ16 x 0.5 ATLAS-epWZ16
=> 0_8:— pr— §r+ex arﬂgg unc. 'O> L p— gr+ex a—rngg unc. Q L _g)a(r+exgarﬂggunc.
X C == €XP UNC. X = €XP UNC. ==m €XP UNC.
0.7F 0.4r 0.41
0.6f- I i
0.5 0.3t 0.3
0.4F i i
- 0.2 0.2
0.3:—
0.2;— 0.1 0.1
0.1 5 K
0_ T T B o . L L) ot L i L g
10° 102 10 107 1072 10 10° 10 )(10'1
Estlmatlon of strange quark density
LI L L B I
Q% = 1.9 GeV?, x=0.023 ATLAS TR
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= NNPDF3.0 —=—
e MMHT14 o S + E 000
v CT14 v r=——=1.19%20.07(exp)*+0.02(mod) ", |- (par
o ATLAS-epWZ12 sT 9y (exp) ( ) 0.10(par)
ATLAS-epWZ16 .
exp uncertainty v data confirm unsuppressed strange quark
[ exp+mod+par uncertainty
| Sxprmogpardiy uncerany, . ML 1L density with improved precision

O 02 04 06 08 1 12 14

S
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3.2,20.3,4.6fb" -13, 8,7 TeV

Top-quark pair to Z-boson cross-section ratios

JHEP 1702 (2017) 117
arXiv:1612.03636

* New Z boson cross section at 13 TeV

* Fiducial and total cross sections

* Comparison with theoretical predictions
* Correlation model of all measurements
* Various ratios at s = 13, 8, 7 TeV

* PDF contraints


https://arxiv.org/abs/1612.03636

ITop-quark pair to Z-boson cross-section ratios

® Single ratio: tt to Z cross-section ratio:
_ p— Gt;
" 05(0,,, +0

q

Z—>uu)
® tt production is dominated by gg process

® Zproduction is more sensitive to qg i

» sensitive to gluon-to-quark PDF ratio

» cancellations in experimental and theoretical uncertainties:

(luminosity and lepton-related systematic uncertainties) ¢ et
= RV TeV) - at the same s Z/y
- R’Zcifl/zj,Rﬁ%t/t@ - given process at the different |/s

® Double ratio: at different center-of-mass energies /s: !

ROI(G) /ROV), wherei,j=13,8,7 TeV

tt/Z tt/Z

» comparison of the data and theory predictions
» double ratios serve as precision tests of the SM predictions

v luminosity independent cross-check

N. Zakharchuk Low x 2017
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IAnaIysis measurements

® Use previous published results:

» Z boson cross sections at./s = 7, 8 TeV (Eur. Phys. J. C /7 (2017) 367, Eur. Phys. J.
C 76(5), 1-61 (2016)) and top quark pair cross sections at+/s = 7, 8 and 13 TeV (Eur.
Phys. J. C74 (2014) 3109; Eur. Phys. J. C76 (2016) 642, Phys. Lett. B761 (2016) 136)

» new measurement: Z boson cross section at./s = 13 TeV

v Event and lepton selection for Z analysis was fully consistent with tt
® Common fiducial phase space for all Z

pr>25GeV; Inl<2.4
66 GeV < my < 116 GeV

-
o
N

-o- Data

> > = ° .
8 Zop' 8 [ Zoe's +-Data ® Signal MC: Powheg+Pythia
-~ JMC stat. @ syst.unc.  ATLAS ~ 10°= ATLAS JMC stat. @ syst. unc.
g 10°: Ozoww 13 TeV, 3.2 b £ 13TeV,3.21fb" [12e'e : .
E  mDboson ’ R B Diboson ® Background estimation:

10° OZ-tr [Z-t't

[]Top quark [JTop quark

—
o

”
1l

- EW & tt from MC
- QCD multi-jet: data-driven
» total: ~0.5%
» sum of all EW: ~0.2%
» multijet: < 0.1%
» main contribution: tt

—
o
IS

10°

—

Data/Pred.
Data/Pred.

o
© © o =
NO O o O

N. Zakharchuk Low x 2017 15



Input to ratios

Theoretical predictions

o
Vs [TeV] 13 8 7 13 8 7
Central value [pb] | 744 | 486 | 432 || 842 | 259 | 182
Uncertainties [%]
. 2.5 2.5 2.6 3.9 4.4
PDF Sy A e R e i iy e
o +0.9 | +1.0 | +1.0 || +1.9 | 421 | 422
S —1.1 -0.8 | —0.7 -1.8 | —2.1 —2.1
Scale Tos | Zos | Tom || ZEe | Tam | Tan
Intrinsic Z LT L || N/A | NJA | N/A
my N/A | N/A | N/A | 557 | 59 | T50
Tota A ER
Data
Vs [TeV] Value + stat + syst + beam + lumi [pb]
olid
13 7T 1(0.1%) =+ 3 (0.4%) £ 5 (0.7%) £16 (2.1%)
8 506+ < 1 (< 0.1%) =+ 3 (0.6%) + 3 (0.6%) =10 (1.9%)
7 451+ <1 (0.1%) + 1(0.3%) + 3 (0.6%) + 8 (1.8%)
o
13 SISE 8 (0.9%) =£27 (3.3%) £ 12 (1.5%) £ 19 (2.3%)
8 243+ 2 (0.7%) £ 5 (2.3%) £ 4 (1.7%) + 5 (2.1%)
7 183+ 3 (1.7%) & 4 (2.3%) £ 3 (1.8%) + 4 (2.0%)

N. Zakharchuk

® Z cross sections calculations:
» NNLO QCD with DYNNLO 1.5
» NLO EW corrections with Fewz 3.1
® tt cross sections calculations:
» NNLO+NNLL QCD with Top++v2.0
» only total cross section available
v CT14 PDF set is used as the baseline

= main contribution on uncertainty: PDF (for both) + Scale (tt)

® Combined cross sections

» all data is dominated by systematic
uncertainty

® Largest sources of uncertainty:

= |[uminosity, beam energy, signal
modelling (tt)

Low x 2017 16



ICorreIatlon model

Comparison with the predictions using correlation model

o' [pb]

800~

7501~

7001

Ceon4ar

ABM12
CT14

NNPDF3.0
MMHT14
ATLAS-epWZ12
HERAPDF2.0

- ATLAS
" 13 TeV, 3.2 fb™

& data = total uncertainty
e data * stat. + exp. uncertainty
e data + stat. uncertainty

/\

&

Vs [TeV]

Source /

Luminosity
Beam energy

Muon (lepton) trigger
Muon reconstruction /ID
Muon isolation

Muon momentum scale

Electron trigger

Electron reconstruction/ID
Electron isolation

Electron energy scale

B |

%
= e el =R o KO
0.

Q= Q> QN

>

Jet energy scale
b-tagging

Background
Signal modelling (incl. PDF)

A
A

A
A

or| RS S IS N S S s

A
A | B*

wsilivelioslivel S iwlwllE B lwBwileell2 el BN

600

] | ]
700

800

L
900
Gtot [pb]

® The correlation of measured cross
section is opposite sign to

predicted (the same for 7 and 8 TeV)

» discriminative input to
determination of PDF

N. Zakharchuk

» different rows: uncorrelated

» the same row and letter: fully correlated

» with started letter: mostly correlated

Low x 2017
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ITop -quark pair to Z cross-section ratios

Single ratios at given Vs

ATLAS
13 TeV, 3.2 fb

7 data =+ total uncertainty
| data + stat. £ exp. uncertainty
| data = stat. uncertainty
ABM12
CT14
NNPDF3.0
MMHT14
ATLAS-epWZ12
HERAPDF2.0

O en «»

(NNLO QCD, inner uncert.: PDF only)
1 1 | 1 1 1 1 |

13 TeV

07 08

09 1

tot
Gtt(1 3TeV)

1 1 | 1 1 1
1.2
/ Gfld

Z(13TeV)

| T T T T |
ATLAS

7 TeV, 4.6 fb

I data + total uncertainty
| data + stat. £ exp. uncertainty
| data * stat. uncertainty

ABM12 — A
CT14

NNPDF3.0

MMHT14

ATLAS-epWZ12

HERAPDF2.0

O ol 4>

(NNLO QCD, |nner uncert.: PDF onIy)
| !

7 TeV

'
4=
T \ T

0.25 03

N. Zakharchuk

1 |
035 0.4

GtOt

1 | 1
045

|
tt(7TeV) /G

Z(7TeV)

| | T T T T
A TLAS

8 TeV, 20.2 fb™

7 data + total uncertainty
| data + stat. £ exp. uncertainty
| data * stat. uncertainty

8 TeV

A ABM12 ——h——

¥V CTi4 ¥

B NNPDF3.0 i

® MMHT14 o—

O  ATLAS-epWZ12 ¢«

[0 HERAPDF2.0 I

(NNLO QCD, inner uncert.: PDF only)
1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1
0.3 0.35 04 0.45 t 9 5 (]Q .55

(0] / id
Gtt(8TeV 07 Z(8TeV)

® ATLAS data are more precise than most of
the theory predictions

® luminosity uncertainty almost cancels

® smallest data uncertainty: 8 TeV ratio

® 13 TeV and 8 TeV data are most consistent
with ATLAS-epWZ12 and HERAPDF2.0

® 7 TeV most consistent with MMHT 14

Low x 2017 18



Cross-section ratios for given process

L DL B B
ATLAS
8 TeV, 20.2 fb™
13 TeV, 3.2 fb"

¥ data + total uncertainty

| data £ stat. + exp. uncertainty
| data £ stat. uncertainty

Single ratios at different Vs

| T | | T T T | T T T T | T T T T
ATLAS
7 TeV, 4.6 1b"
8 TeV, 20.2 fb
P data + total uncertainty
| data + stat. + exp. uncertainty
| data+ stat. uncertainty

A ABM12 A ABM12
v CT14 \ 4 CT14
[ | NNPDF3.0 [ | NNPDF3.0
® MMHTi4 ® MMHT14
O  ATLAS-epWz12 O  ATLAS-epWZz12
] HERAPDF2.0 O HERAPDF2.0
I (NNL|OQCD, ilnnerunclert.:PDFlonIy) I | | | (ll\lNLOQCD,linneruncert.l: PDFonIy)I I I
0.9""1""1.1""1.2'"'1.3"'1.4"'1.5f 1.6'"'1.7'f"'1.é' 07 08 09 1 11 12 13
id id | |
OZ(13Tev) ! OZ(sTev) Oz(gTev) / Oz(rTev)
® Z: - uncertainty is dominated by luminosity
A - measurements are consistent with the
8 TeV, 20,210 predictions for all PDF sets within
13 TeV, 3.2 fb™ . L.
BN data - otal uncertanty experimental uncertainties
| data £ stat. £ exp. uncertainty
| data * stat. uncertainty . . . . . .
A asui2 = |[uminosity-determination uncertainty in the
v CT14 . . .
B NNPDFSO measured ratio is conservative
[ ) MMHT14 —
O ATLASspwZI2 O ® tt: - ABM12 prediction is largest
[0 HERAPDF2.0 H
| (NNLO QD inner uncert POFont) B | . - PDFALHC PDFs are smallest
5 55 3 35 4 e dict o
0 (0] -
O arev) | Osrov) agree with the prediction within

N. Zakharchuk

experimental uncertainties

Low x 2017
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IDoubIe ratios

Double ratios at different Vs

T T | T T T |
ATLAS
8 TeV, 20.2 fb™

13 TeV, 3.2 fb”
PN data + total uncertainty
| data + stat. + exp. uncertainty
| data = stat. uncertainty
ABM12
CT14
NNPDF3.0
MMHT14
ATLAS-epWZ12
HERAPDF2.0

(NNLO QCD, inr|1er uncert.: PDF only)

O o nm «)»

13/8 TeV

[-Ir]@?i‘l'

1.4 1.6 1.8 2

2.2

tot

Sit1aTev)

2.4

2.6
tot

th(STeV)

Gfid

Z(13TeV)

fid
Oz8Tev)

ATLAS
8/7 TeV
¥ data + total uncertainty

T T T T | T T T T | T T T T | T T T T |
7 TeV, 4.6 b
8 TeV, 20.2 fb”
| data £ stat. + exp. uncertainty
| data £ stat. uncertainty
ABM12
CT14
NNPDF3.0
MMHT14
ATLAS-epWZ12
HERAPDF2.0

(NNLO QCD, inner uncert.: PDF only)

O e nm «)»

DO..!

0.7 0.8 0.9 1 1.1

N. Zakharchuk

1.2
Gtot

ti(8TeV)

1.3

14

tot
th(7TeV)

Gfld

Z(8TeV)

fid
Oz(7Tev)

ATLAS
7 TeV, 4.6 fb

13/7 TeV

P data + total uncertainty
| data + stat. + exp. uncertainty
| data+ stat. uncertainty

A ABM12 A+

VvV CTi4 ——

B NNPDF3.0 e

® MMHTi4 HO—+

O ATLAS-epWZ12 O+

O HERAPDF2.0 1

ﬁNlTlLIO(IQCD I|aner|unce:'t .PE.)Fon.Iy). e | N .

1.6 1.8 2 2.2 2.4 2.6 2.8 3
tot tot
tf(13TeV) , —ti(7TeV)
szk(j1 3TeV) l Z(7TeV)

® Almost complete cancelation of the luminosity

uncertainty

® 13/8 TeV: within 10, most predictions below the data
® 13/7 TeV: within 10, most predictions above the data

® 8/7 TeV: 3-4 0 deviation vs predictions. Dominant
experimental uncertainty: statistical error of 7 TeV

sample.

» not described by PDFs

» difficult to ascribe to x-dependence of gluon

distribution
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Quantitive comparison with predictions

G [pb].

Pred./Data

000 . ATLAS |
B fid Z N tt_:)t tf
- oz (PP—2) 13 TeV, 3.2 fb” t oq PPt
i 8 TeV, 20.2 fb™ T olv A ABM12
800 __ T;e- 7 TeV, 4.6 fo __ v CT14 7
" l A m NNPDF3.0
- . e MMHT14
600 B 1 O ATLAS-epWZ12
: =25 - HERAPDF2.0
400 A -
B --data N
i ,2 total " 1 sgx
L uncorrelate — A —
200 I l —0:5-
1.05F - -
I e —
0.95 — -

13

(s ['8I'eV]

= Predictions based on HERAPDF2.0 and ATLAS-epWZ12 PDF sets have good
compatibility with the ATLAS data

13

(s ['?'eV]

ATLAS-epWZ12{ CT14 MMHT14 NNPDF3.0 | HERAPDF2.0 | ABM12
x2/NDF | 8.3 /6 15/6 13/6 17 / 6 10 / 6 25 / 6
p-value | 0.22 0.02 0.05 0.01 0.11 < 0.001
N. Zakharchuk Low x 2017 21



IPDF constraints

PDF profiling for ATLAS-epWZ12 PDF
Gluon dlstrlbutlons

- 1.1 o 1.1 —
—~ | ATLAS i X L ATLAS
E} L 13 TeV, 3.2 15" ) 5? L 13 TeV, 3.2 14"
5 [ 8Tev,202fb’ / - 8TeV,20.21b"
X - 7TeV, 4610 - 7TeV, 4610
f;1.05—- ‘q_—"”/////l 1.05

. i i
) i A -

X L e 5

1___________---====::::::Z _____________ =

095 Q@°=m? 0.95F Q°=m
- B ATLAS-epWZ12 | B ATLAS-epWZ12
= ATLAS-epWZ12+ti+Z - BB ATLAS-epWZ12+tt
- = ATLAS-epWZ12+ti+Z
0.9 IIIII L L L IIIIII L L L = 0.9 IIIII L L L IIIIII | —
1072 10" 1072 10"
X X

v tt and Z data constrain gluon distribution at x ~ 0.1
v central values agree very well

v profiling was also performed with excluded ttdata 7 TeV and yielded similar
results

® The impact of the ATLAS data on the PDF uncertainties is quant|f|ed by usmg .

N. Zakharchuk Low x 2017
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ISu mmary

® Inclusive Drell-Yan production measurements performed by ATLAS has reached a
sub-percent level of uncertainty

» opportunity to understand the structure of proton and to test SM model
predictions

» impact of new data on the determination of the strange-quark distribution
» confirmed unsuppressed strangeness

» new test of elector-muon universality

® Benefits from the ratios: provide the cancelation of the experimental and
theoretical systematics uncertainties

» excellent agreement between Z-boson cross-section ratios and predictions at
various /s (omitting luminosity)

» significant power to constrain gluon PDF from top-quark pair to Z-boson ratio

v Atfew 13 TeV vector boson production measurements have already been
performed (W,Z inclusive cross sections, Z+jet at/s = 13 TeV (Eur. Phys. J. C/7
(2017) 361)), and more will follow. Stay tuned!

N. Zakharchuk Low x 2017 23


https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z
https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z

I Thank you for your attention!
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IZ boson _

® |llustration of different qq contributing at LO QCD to the measured differential
Z/y* = 24 cross sections in the different mass regions

® The prediction is obtained from the Powheg+Pythia

® No event selection is performed

5‘ 22 __II T | T'TTT | T'TTT | I .I T | 1T I.l T'TTT | T'TTT T'TTT |I T | T II__ ._Q. - . . E
ks> - ATLAS Simulation gdd 1 & 225 ATLAS Simulation gdd -
= 20p : Juu 4 > 2F : juu T
5 - Powheg+Pythia 6, CT10 PDF D - Powheg+Pythia 6, CT10 PDF =]
:g 18:_Z/y*46<m < 66 GeV s 7 B 1.85z4*116<m <150 GeV s -
16 Hcc 7 © 16E : Hcc A

i Bbb A U rC Wbb 1

141 E 1.4F =

121 E 1.2F E

100 11 :
8 1 o8 :

6 1 os :

4 1 o4 :

q Do 1/ 111 L1l 1]

O-5 4 -3 -2 -1 0 1 2 3 4 5 O-5 4 -3 -2 -1 0 1 2 3 4 5

Y, Y,
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IW/Z Multi-jet background (electrons)

x10° W boson Z boson
> - I I I | I I I | I I I | I I I | I I I | I I I ] C\I :l T T | T T | T T | T T | T T | T T | T 1T | T 1T I:
& 900-ATLAS ~+ Data < 2 10°LATLAS ~+ Data 1
- -1 W fotal (stat) - — ’ N\ total (stat) :
N 800 Vs=7TeV,461b [ WoevEWKstop ] 8 107E Vs =7TeV, 4.6 o [ 2400 .
2] 700:_W — ety [ Multijet E S sEZ—e +o” [ Muttijet s
§ - No m. requirement . L|>_| 10 = E t[{)iboe?onlst E
— . B | + single top -
L 600; ] 105 §_ E Bl z/y > _§
500- ERRTS e
400 E 10°F | .
300 E 102 e -
200 ERNRTE e -
100 : 1 ' fi>
L . 10—1: ||||||| L1 = ||||||||_
0 20 40 60 80 100 120 -0.2-0.1 0 0.1 0.2 03 0.4 0.5 0.6
E_rlpiss [G eV] E_clz_oneSO /pT

® Template fit using discriminative variable: E;™ss (Es°"¢/pr) for W(Z) boson
® control region: relaxed Er and mt requirements

® template: inverted identification requirement and requirement to have not isolated
electron
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IW/Z: Multi-jet background (muons) -

«10° W boson Z boson
> : [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ : 1_. :I T | I'TTT | I'TTT | I'TTT | I'TTT | I'TTT | I'TTT | I'TTT | I'TTT | T TT |:
3 900~ ATLAS § DatT( | 1 2 4o’LATLAS § Data ]
- ; XX total (stat ] = ] XX total (stat) =
N goof 5=7 TeV, 4.6 fo” [ WovsEWKstop ] g i: [s=7TeV, 46 fb” e -
[ - W — uty [ Multijet 7 S 10°HZ - u*u [ Multijet (SS data) =
S 700 4 =2 - B Multijet (MC) :
> - 1 S5 B tt +singletop
= 6003_ B 10 g [ ] Dibosons S
500 S o
400;— _; 1 03 —é
300t E 0P §
2001 -
100- SR
: | | i | | | : 1
0) 20 40 60 80 100 120 10 05 115 2 25 3 35 4 45 5
ET [GeV] peeerp_

® W template: inverted isolation requirement, no requirement on Ey™ss

® Z template: combined same-charge data events and simulated heavy-flavour
events (with subtracted same-charge fraction)
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IW/Z:Combined differential cross sections |

 ATLAS W' -ty

e = S 4+ W' - etv,
(s =7 TeV, 4.6 fb ptiings

do/dn| [pb]
(00)
o
o

o) = =

e I 02 e —

§ Retewsetsl nend o OlLs 4o

S QOB E Qoo =

() — ; : i ‘ —

T S S - AR — E
— C O

D:_ O:_Ij..Q..E..Q....D..o...ﬂ..@ .......... o5 @ By O ODO ........ Iﬁ..Q._

L — -

0 0.5 1 1.5 2 2.5
!

do/d Inll [pb]

e,u/comb.

Pull

: [ [ [ [ | [ [ [ [ [ [ [ [ | [ [ [ [ | [ [ [ [ :
;—A TLAS -qa-w > uv, -
C = -1 - W_—¢€ ve E
:_\15-7TeV, 4.6 fb =W 0 :
FSeO-Hec-es =S ]
n _E.e_Eo— ]

e e ]
o —eo—

® Precision of the combined cross sections: 0.4 - 0.6% for W and W-

N. Zakharchuk Low x 2017
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IW/Z Combined differential cross sections |

'3' 6:| T T T | T T T T T | T T T T | T T T
S ATLAS ez
. Vs = -1 +Z—>e'e

1_3 E\E_7Tev,4.6fb paid!

o 4r 46 <m, <66 GeV

© = S = sy S~
3__ ——o— -
2__ i
C ——o—
1 ]

5 IR | Ly L [ | L1

£

8

3

(0]

S

o

dofdly | [pb]

Pull e,u/comb.

N
o
o

[ T T T T | T T T T T | T T T T | T T T
ATLAS #Z > u:u_- N
[ Ve — -1 +Z—>ee
(s=7TeV,4.61b Rl
— 66 <m, <116 GeV
= FeS-—Seo-—Heo-— e
e
— -% —
Heo-
—.—
- _
e
| | | | | | | | | | | | | | | | | | | | i

dc/dly”I [pb]

Pull e,u/comb.

N
&)

\S)

—_
9)]

o
&)

o =
© o
o1 . O1

N

—
T T

- ATLAS

~(s=7TeV, 4.61fb"

—r——

4 Z — W
4 Z—>e'e
H=Z o0 :
116 <m, <150 GeV ]

® Precision of the combined cross sections: 0.4 - 0.6% for Z peak measurements

® Off-peak: few percent of uncertainty

N. Zakharchuk
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IW/Z: Systematic uncertainties and ratio

Electron channel Muon channel
dow+ Odow-— doz 00 forward Z dows Odow_  doz
[7%] 7] K 7] (7] 7] 7]

Trigger efficiency 0.03 0.03 0.05 0.05 Trigger efficiency 0.08 0.07 0.05
Reconstruction efficiency 0.12 0.12 0.20 0.13 Reconstruction efficiency 0.19 0.17 0.30
Identification efficiency 0.09 0.09 0.16 0.12 Isolation efficiency 0.10 0.09 0.15
Forward identification efficiency — — — 1.51 Muon pr resolution 0.01 0.01 <0.01
Isolation efficiency 0.03 0.03 — 0.04 Muon pt scale 0.18 0.17 0.03
Charge misidentification 0.04 0.06 — — ERsS soft term scale 0.19 0.19 —
Electron pr resolution 0.02 0.03 0.01 0.01 E™ss 50ft term resolution 0.10 0.09 —
Electron pr scale 0.22 0.18 0.08 0.12 Jet energy scale 0.09 0.12 —
Forward electron prt scale + resolution — — — 0.18 Jet energy resolution 0.11 0.16 —
EMiss goft term scale 0.14 0.13 — — Signal modelling (matrix-element generator) 0.12 0.06 0.04
E™ss 5oft term resolution 0.06 0.04 — — Signal modelling (parton shower and hadronization)  0.14 0.17 0.22
Jet energy scale 0.04 0.02 — — PDF 0.09 0.12 0.07
Jet energy resolution 0.11 0.15 — — Boson pr 0.18 0.14 0.04
Signal modelling (matrix-element generator) 0.57 0.64 0.03 1.12 Multijet background 0.33 0.27 0.07
Signal modelling (parton shower and hadronization) 0.24 0.25 0.18 1.25 Electroweak+top background 0.19 0.24 0.02
PDF 0.10 0.12 0.09 0.06 Background statistical uncertainty 0.03 0.04 0.01
Boson pr 0.22 0.19 0.01 0.04 Unfolding statistical uncertainty 0.03 0.03 0.02
Multijet background 0.55 0.72 0.03 0.05 Data statistical uncertainty 0.04 0.04 0.08
Electroweak+top background 0.17 0.19 0.02 0.14 Total experimental uncertainty 0.61 0.59 0.43
Background statistical uncertainty 0.02 0.03 <0.01 0.04 Luminosity 1.8
Unfolding statistical uncertainty 0.03 0.04 0.04 0.13
Data statistical uncertainty 0.04 0.05 0.10 0.18
Total experimental uncertainty 0.94 1.08 0.35 2.29
Luminosity 1.8

Ratio values

Ry'y jy—  1.450 £0.001 (stat) + 0.004 (syst) + 0.029 (acc)
Ry 10.83 £ 0.01 (stat) 4= 0.05 (syst) &= 0.09 (acc)

Ry /g 6.407 4 0.004 (stat) & 0.032 (syst) & 0.062 (acc)
Ry" 1z 4.419 4 0.003 (stat) & 0.024 (syst) & 0.082 (acc)
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jloco fit

® Basic settings of the central NNLO QCD fit

Parameter Value
Starting scale, Qo2 | 1.9 GeV?

R me | 1.43 GeV
_________________________ my | 45GeV
as(Mz) 0.118

xuy(x) = ApxPw(1—x) (14 E,x%)
xd,(x) = AgxP#(1—x)Ce

xii(x) = AgpxPi(1—x)°¢

xd(x) = ApPi(1—x)Cd

xg(x) = Angg(l —x)Cg —Aingg’(l —x)Cg
x5(x) = AxP(1—x)©

where A; = Aj and Bs = B = Bj
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IW/ZCKM matrix element

ATLAS

CKM fit

oD —->Klv

= D, —>lv

© NNPDF1.2

o ATLAS-epWZ16

Q

inner uncertainty: exp only
outer uncertainty: total

1 I 1 1 1 1

I 1 1 1 1

v Determined CKM matrix element |V

08 085 09 oO.

95

1 1.05
IV |
cs

» Precision is comparable with results from charm meson decays

N. Zakharchuk Low x 2017
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Summary of measurements of ATLAS+CMS

® Summary of measurements of the top-pair production cross-section at 7, 8 and 13 TeV

ATLAS+CMS Preliminary LHCtopWG G summary, Vs=7TeV May 2017
NNLO+NNLL PRL 110 (2013) 252004 ATLAS+CMS Preliminary LHCIOpWG o ; summary, Vs=8TeV May 2017 ATLAS+CMS Preliminary LHCIOpWG o, summary, Vs =13 TeV May 2017
"""" Migp = 172.5 GeV, 0 (M) = 0.118:0.001 NNLO+NNLL PRL 110 (2013) 252004 NNLO+NNLL PRL 110 (2013) 252004
scale uncertainty o P e Mg = 172.5 GeV, o, (M_) = 0.118:0.001 | | Mg = 172.5 GeV, o, (M_) = 0.118:0.001 N —
) total stat top [ A7 top » OV,
scale ® PDF & o uncertainty ) scale uncertainty total stat . scale uncertainty total stat )
05 % (Stah) £ (syst) £ (lumi) scale ® PDF @ a uncertainty O, T (stat) £ (syst) + (lumi) scale ® PDF @ ag uncertainty 0, % (stat)  (syst) £ (lumi)
ATLAS, l+jets i 179+4+9+7pb =07 1" . 2 ATLAS, dil
ATLAS, dilepton (*) i 173£6°1 *2pb L0710 ATLAS, lepton+jets b——#— 260+ 1°5;+8pb , dilepton ep . o 818+ 8+£27+19pb
ATLAS, all jets () + | v 1167 + 18478 + 6 pb L1010 PRD 01 (2015) 112013, L, =203 b PLB761(2016) 136, L, =321b
ATLAS combined e 177 +3° 5 +7pb L =0.7-1.0 10" CMS, lepton+jets —fo—| 2285+ 3.8+ 13.7+ 6.0 pb . R
CMS, I+jets (*) —to—f 164+3+12+7pb 1208411 EPJC 77 (2017) 15,L,,, = 19.6 fi” ATLAS, dilepton ee/up P e e 749+ 57 +79+ 74 pb
CMS, dilepton (*) —to4—— 170+ 4 +16 +8 pb L=t 1o ATLAS-CONF-2015-049, L, =85 pb
e D - CMS, lepton+t, ——fo——| 257+3+24+7pb
CMS, 1, i+ (%) e 149 +24 £+ 26 £ 9 pb Ly=1.110" PLB 739 (2014) 23, |_ilm =196 ATLAS |+ietS *
oM, alljets () ——+——e——+—— 136 £20 £40 £ 8 pb Lttt ATLAS. dilept TLAS CONL2015:049. L =85 b f——mt— 817+13+103+£88pb
CMS combined —o—j 166 + 2 + 11+ 8 pb L,=0.8-1.1 1b" Py G74 ’201|4e§139n Ee;j 76 (2016) 642 e 2429+1.7+55+5.1 pb » b = 0P
LHC combined (Sep 2012) - 173+ 2+ 8 +6pb L,=0.7-1.1 fo" ( 4 ) ’ ( ) 642, .
: Ly =20.2 fb CMS, dllepton el ‘ H—eo—H 746 + 58 + 53 + 36 pb
|_ATLAS, I+jets, b—>Xuv 3 165+2+17 +3pb LT’ MS. di PRL 116 (2016) 052002, L =43 pb™!, 50 ns
ilepton int
ATLAS, dilepton ey, b-tag HaH 1829 +31+42+36pb L4600 $E§é2(:2§r:)224(ef’ !‘_L;L’:gl_‘) o1 239.0£21+£11.3£6.2pb
ATLAS, dilepton ey, N]e‘s-ETss —o— 181.2+£28°07 £33pb  L,=460" L int == CMS, dilepton ep o 815+ 9+38+ 19 pb
ATLAS, 1, +ets ' ; + 1 194 +18£46pb L1717 LHC combined ey (Sep 2014) | y 2415 +1.4 +5.7 + 6.2 pb EPJC 77 (2017)172, L =221b", 25 ns
ATLAS, all jets } ; 1 168 £12° %+ 7pb L7 ATLAS-CONF-2014-053, CMS-PAS TOP-14-016,
ATLAS, 1, + = 183+9+23+3pb L=46 b Lin =5.3-20.3 fb” CMS, I+jets 4 835+ 3+23+23pb
) . - v - -1
CMS, l+jets o+ 161.7£6.0 £ 12.0 £ 3.6 pb L,,=5.0 b CMS, dllepton en 2449+ 1.4 +6.3 +6.4 pb arXiv:1701.06228, L, =2.3fb
CMS, dilepton eyt Het 1736 +£21753+3.8pb  L,=501" JHEP 08 (2016) 029, L, =19.7 fb" % - -55~ o
Tl e TABET14E2223b Lo , CMS, all-jets —fe&+— 834+25+118+23pb
CMS, 1,_+ets —————— 152 +12+32+3pb L,=3.9 1" CMS, all jets f o i CMS-PAS TOP-16-013, L, =253 fo"
CMS’ a:‘r‘,‘ets 1394105 26 £ 3 pp L"‘ o EPJ C76 (2016) 128, L, =18.4fb" 275.6+6.1+37.8+7.2 pb NNPDE
e : FE=EIp " NNPDF3.0 JHEP 04 (2015) 040 3.0 JHEP 04 (2015) 040
(*) Superseded by results shown below the line N
i NNPDF3.0 JHEP 04 (2015) 040 I ; I MMHT14 EPJC75 (2015) 5 + Preliminary | | MMHT14 EPJC 75 (2015) 5
I I MMHT14 gy c75 (2015) 5 CT14 PRD 93 (2016) 033006 CT14 PRD 93 (2016) 033006
i CT14 PRD 93 (2016) 033006 : ’ E
ABM12 PRD 89 (2015) 054028 ABM12 PRD 89 (2015) 054028
ABM12 PRD 89 (2015) 054028 : [a ™ )=0.113] 2 [u (m )=04113]
[e(M,) =0.113] s\Z sVz
|||||||||||||||||||||||||||||||||||| IIII|IIII|IIII|IIII|IIII|IIII I|III|III|III|III|III|III|
50 100 150 200 250 300 350 100 150 200 250 300 350 400 200 400 600 800 1000 1200 1400
th [pb] th [pb] th [pb]
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I2D 68% CL contours of o,

fid

VS Oy,

tot

® Two-dimensional 68% CL contours of 0,9 vs gt for 8 and 7 TeV

E [ T T | T T T T | T T —] 'Q' 480_| [ | [ [ [ | [ [ [ [ [ [ I_
0-9-'  ATLAS ] U-Q-' + ATLAS 2
B 8 TeV, 20.2 fo B [ 7TeV, 4.6 ]
460/ i
_ 440} .
" A ABM12 420__ A ABM12 -
i v CT14 | i v CT14 |
: :llltl\\ln:[':'l:io 8] data + total uncertainty i : I\Nﬂl;\lﬂ:li_l:io (& data + total uncertainty | i
450+ O ATLAS-epWZ12 ¢ data + stat.+ exp. uncertainty —— 400 O ATLAS-epWz12  data + stat. + exp. uncertainty
HERAPDF2.0 e data + stat. uncertainty B HERAPDF2.0 e data + stat. uncertainty _
B 1 1 | 1 1 1 1 | 1 L] L L | L L L | L L L | L L L | L
200 250 140 160 180 200
tot tot
6% [pb] G [pb]
® Correlation coefficients
Z 13 TeV tt13TeV Z 8TeV tt8TeV Z7TeV tt7 TeV
Z 13 TeV 1.00 0.61 0.10 0.16 0.10 0.15
tt 13 TeV - 1.00 0.11 0.32 0.11 0.31
Z 8 TeV - - 1.00 0.68 0.10 0.14
tt 8 TeV - - - 1.00 0.15 0.54
Z 7 TeV - - - - 1.00 0.62
tt 7 TeV - - - - - 1.00
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ISingIe ratios

ATLAS
7 TeV, 4.6 b
13 TeV, 3.2 fo”
I data + total uncertainty

data + stat. + exp. uncertainty
data + stat. uncertainty

ATLAS
7 TeV, 4.6 fb"

8 TeV, 20.2 fb™

I data + total uncertainty
| data+ stat. + exp. uncertainty
| data+ stat. uncertainty

A ABM12

V CTi4

[ NNPDF3.0

® MMHT14

O  ATLAS-epWZzZ12

[0 HERAPDF2.0

(NNLO QCD, inner uncert.: PDF only)

DO..Z

|
08 0.9 1 1.1

I

I

A ABMI12 A

V CTi4

B NNPDF3.0

® MMHT14

O  ATLAS-epWZzZ12

[0 HERAPDF2.0

(NNLO ?CD, inner unc<|art.: PDF only) | I

3 35 4t'o? 5tot
Gﬁ(13TeV) / th(?TeV)
T T T | T T T T

ATLAS
7 TeV, 4.6 b

N. Zakharchuk

13 TeV, 3.2fb"

7 data =+ total uncertainty
| data + stat. £ exp. uncertainty
| data + stat. uncertainty

A ABM12

v CT14

[ | NNPDF3.0

o MMHT14

O  ATLAS-epWZz12

[0 HERAPDF2.0

(NNLO QCD, inner uncert.: PDF only)

| | | |
1.2 1.4

| |
1.6 1.8 2

fid fid
0Z137ev) ! OZ(7Tev)

1.2 1.3 tt1.4 1i5t
0 0
th(8TeV) /o

tt(7TeV)
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IPDFprofiIing

® Using the xFitter tool
® ,’function is defined:

X (Bexp, Bin) =
Noisia (o-ie"p +Y; F?;-(p Bjexp — 0" — X rgclﬁk,th) 2
= A
+;ﬁm+;%w

exp

o ®,0!" — measurements and theoretical predictions

B..,.B,, — nuisance parameters vectors including correlated experimental and theoretical uncertainties

[7*,T — influnce of Bexp and Bm on data and theory predictions

® The y* minimisation yields the optimal values of the Bk shifts and the relative
reduction of the PDF uncertainties

N. Zakharchuk Low x 2017
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PDF constraints

sl ——————————— 1M—
& T ATLAS x '} ATLAS
S - 13 TeV, 3.2 1" @ - 13 TeV, 3.2 b
= © 8TeV,202fb' “© b 8Tev,202fb"
% - 7 TeV,4.6fb" - 7TeV, 461"
<5 1.05 1.05
X
W
X
1
0.95- Q°=m} 095 Q’=mZ
| B ATLAS-epWZ12 \ - B ATLAS-epWZ12
- o ATLAS-epWZ12+tt+Z - I ATLAS-epWZ12+tt
- \ -~ £ ATLAS-epWZ12+ti+Z
L 3 —
\ L1 1 II 1 1 1 1 L1 1 II I - - | ) — |
0.9 L1 11 I 1 1 1 1 1 11 I rF - -t -1 -r - - 0.9
10? 10° 10” 10°
X X

® The total light-quark-sea distribution:
» the profiled PDF set is divided by the central value of ATLAS-epWZ12 PDF set

» relative uncertainty
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Systematic uncertainties and correlations

§ olid 6 oyt
Systematic [%]  / Vs [TeV] | 13 8 7 |13 8 7
Luminosity 21 1.9 18|23 21 20
Beam energy 0.7 06 06|15 1.7 1.8
Muon (lepton) trigger 0.1 0.6 0.1]01 02 0.2
Muon reconstruction /ID 0.7 05 03|04 04 03
Muon isolation 0.4 00 02|03 02 04
Muon momentum scale 0.1 00 00|00 0.0 0.1
Electron trigger 0.0 02 00|01 — —
Electron reconstruction/ID 04 08 03]03 04 0.1
Electron isolation 0. 00 — |04 03 0.6
Electron energy scale 0.3 0.1 0102 05 0.2
Jet energy scale 0.4 0.7 04
b-tagging 0.5 04 0.5
Background 0.1 02 01|11 1.0 1.0
Signal modelling (incl. PDF) 0.1 0.1 03|30 1.7 1.8

® The correlation

coefficients amongst the combined Z-boson and tt fiducial and total

cross-section measurements

® Relative systematics uncertainties for Z-boson andtt production at 13, 8 and 7 TeV

Z 13 TeV {113 TeV Z 8 TeV (18 TeV Z 7 TeV 17 TeV
7 13 TeV 1.00 0.61 0.10 0.16 0.10 0.15
tt 13 TeV ] 1.00 0.11 0.32 0.11 0.31
7 8 TeV i i 1.00 0.68 0.10 0.14
t 8 TeV ] ] ] 1.00 0.15 0.54
7 7 TeV ] ] ; ; 1.00 0.62
tt 7 TeV - - - - - 1.00
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IRatios at 13, 8 and 7 TeV

Single ratios

O,tot/o,tot o,tot/o_fid O_fid/o,fid

Value + stat 4 syst + lumi Value *+ stat & syst 4+ lumi Value * stat & syst 4+ lumi
tt/Z(13) 0.416 4+ 0.004 (0.9%) + 0.016 (3.8%) + 0.001 (0.2%) 1.053 + 0.010 (0.9%) + 0.036 (3.4%) + 0.002 (0.2%) 0.01280 + 0.00012 (0.9%) 4+ 0.00033 (2.6%) £+ 0.00003 (0.2%)
tt/Z(8) 0.211 4+ 0.001 (0.7%) + 0.007 (3.1%) £ 0.000 (0.2%) 0.480 + 0.003 (0.7%) + 0.012 (2.6%) £ 0.001 (0.2%) 0.006 02 + 0.00004 (0.7%) 4+ 0.000 14 (2.4%) £+ 0.00001 (0.2%)
tt/Z(7) 0.184 4+ 0.003 (1.7%) + 0.006 (3.1%) + 0.000 (0.2%) 0.406 4+ 0.007 (1.7%) + 0.011 (2.6%)+ 0.001 (0.2%) 0.00511 + 0.00009 (1.7%) 4+ 0.00013 (2.5%) £+ 0.00001 (0.2%)
Z(13)/Z(8) 1.707 £+ 0.001 (0.1%) + 0.013 (0.8%) + 0.048 (2.8%) - 1.537 + 0.001 (0.1%) £ 0.010 (0.7%) 4+ 0.044 (2.8%)
Z(13)/Z(7) 1.979 + 0.002 (0.1%) £ 0.014 (0.7%) 4+ 0.055 (2.8%) - 1.724 + 0.001 (0.1%) £ 0.009 (0.5%) 4+ 0.048 (2.8%)
Z(8)/Z(7) 1.160 + 0.001 (0.1%) £ 0.007 (0.6%) 4+ 0.030 (2.6%) - 1.122 + 0.001 (0.1%) £ 0.007 (0.6%) 4+ 0.029 (2.6%)
tt(13)/tt(8) 3.365 £ 0.039 (1.2%) £ 0.112 (3.3%) £ 0.105 (3.1%) - 3.270 £ 0.038 (1.2%) &£ 0.086 (2.6%) £ 0.102 (3.1%)
tt(13)/tt(7) 4.470 4+ 0.086 (1.9%) 4 0.149 (3.3%) £ 0.136 (3.0%) - 4.322 4+ 0.083 (1.9%) £ 0.116 (2.7%) £ 0.131 (3.0%)
tt(8)/tt(7) 1.328 + 0.024 (1.8%) + 0.015 (1.1%) 4+ 0.038 (2.9%) - 1.322 4+ 0.024 (1.8%) 4+ 0.015 (1.1%) 4 0.038 (2.9%)

[O_tot/o_tot] / [O_tot/o_tot} [O_t;ot/o_tot] / O_fid/o_fid o_fid/o_fid / O_fid/o_fid

Value =+ stat & syst + lumi Value =+ stat 4 syst + lumi Value =+ stat £ syst & lumi
tt/Z(13/8) 1.975 + 0.023 (1.2%) £ 0.067 (3.4%) + 0.006 (0.3%) 2.193 £+ 0.026 (1.2%) + 0.074 (3.4%) 4+ 0.008 (0.4%) 2.131 £+ 0.025 (1.2%) + 0.057 (2.7%) 4+ 0.006 (0.3%)
tt/Z(13/7) 2.260 £+ 0.044 (1.9%) + 0.075 (3.3%) 4+ 0.007 (0.3%) 2.594 + 0.050 (1.9%) + 0.086 (3.3%) 4+ 0.008 (0.3%) 2.508 £+ 0.048 (1.9%) + 0.067 (2.7%) 4+ 0.008 (0.3%)
tt/Z(8/7) 1.145 + 0.021 (1.8%) 4 0.015 (1.3%) + 0.003 (0.3%) 1.184 + 0.022 (1.8%) £ 0.015 (1.3%) + 0.003 (0.3%) 1.178 + 0.022 (1.8%) 4 0.015 (1.3%) + 0.003 (0.3%)
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