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Precision at the LHC

= With or without further discoveries: LHC is currently the only machine to

give more information about Higgs Boson or the Standard Model

= Some theorists discuss 1% percent uncertainty — in the extreme hadron collider environment!
[https://gsalam.web.cern.ch/gsalam/talks/repo/2016-03-SB+SLAC-Munich-precision.pdf]

= Precision of ATLAS W-mass and weak mixing angle measurements only
slightly worse than TeVatron combination

= Uncertainties dominated by PDFs
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https://gsalam.web.cern.ch/gsalam/talks/repo/2016-03-SB+SLAC-Munich-precision.pdf

A wealth of data at the LHC
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ATLAS Online Luminosity
= 2011 pp Vs=7TeV
=— 2012pp Vs5=8TeV
— 2015 pp s=13TeV
— 2016 pp s=13 TeV
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= Vs =5 TeV 25 pb?
Geneva
K D7 B L e ST = Vs =7 TeV 4 fbt
= Largest data set ever collected at hadron collider B
= Vs =8 TeV 20.3 fb

= Luminosity uncertainty around 2% but largely

uncorrelated between centre-of-mass energies -
= Vs =13 TeV 139.0 fb*

- Unlque opportunity to understand proton dynamics

%:@” g?lverswy Kristin Lohwasser | ICHEP2020 | Single vector boson production at ATLAS| 3




Single boson measurements for all centre-of-mass-energies*
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- W Theory (NNLO) ATLAS Preliminary i
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Total production cross section[nb
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* restricting to cross section measurements - for the rest of the talk s [TeV]
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https://link.springer.com/article/10.1140/epjc/s10052-019-7399-7
https://link.springer.com/article/10.1140/epjc/s10052-019-7399-7
https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://link.springer.com/article/10.1007/JHEP12(2017)059
https://link.springer.com/article/10.1140/epjc/s10052-019-7199-0
https://link.springer.com/article/10.1140/epjc/s10052-019-7199-0
https://www.sciencedirect.com/science/article/pii/S0370269316302763
https://www.sciencedirect.com/science/article/pii/S0370269316302763
https://www.sciencedirect.com/science/article/pii/S0370269316302763
https://link.springer.com/article/10.1007/JHEP02(2017)117
https://link.springer.com/article/10.1007/JHEP08(2016)009
https://link.springer.com/article/10.1007/JHEP06(2014)112

Fiducial phase spaces

>Z Boson >W Boson

" Lepton pT threshold = Lepton pT threshold
p.(£)>20 GeV p.(f)>25 GeV
(25 GeV - 8, 13 TeV) (20 GeV - 2.76 TeV)

= Maximal pseudo-rapidity = Neutrino pT threshold
In|<2.5 p.(v)>25 GeV
(In|<2.4 - 2.76 TeV)
(In|<4.9 -7 TeV) = Maximal pseudo-rapidity
(In|<4.9 — 8 TeV) In|<2.5

= Mass range " Transverse Mass mT
66<m, <116 GeV m_(W) > 40 GeV
(46 <m,, <150 GeV —7 TeV) (m (W) > 50 GeV - 13 TeV)

(26 <m, <66 GeV -7 TeV)
(116 < mf,) < 1500 GeV — 8 TeV)
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Fiducial phase spaces

> Z Boson > W Boson
p,(£)>20 GeV p.(£)>25 GeV
Inl<2.5 p.(v)>25 GeV
66<m, <116 GeV Inl<2.5
S — m_(W) > 40 GeV
8 < ATLAS —4— Data 7
> 10°E (5= 7 Tev, 46 b %‘Qﬂﬁ” E g R e AL AARES R A RASAS RASAS aass Aas
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L%J 105§— -tf+sjingletop = % 6000: ]
E Bl 7y 3 C _
L — Di:{)osons - 5000?_ > B
10*E - e Data .
g 4000 W — v -
- - Multi-jet :
10°8 3000F ©Z - uu =
B W - v ATLAS ]
ol 2000~ WZ > pp Vs=5.02 TeV 25 pb'
10°g C Topquarks W — v ]
1000 M Dibosons -
10 i e
60 80 100 120 140 -2-15-1-050 05 1 15 2 .
Mee [GEV] "

Very clean signatures, low backgrounds
Dominated by lepton reconstruction uncertainties — correlated over channels
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Phase space at the LHC

> x-dependence:
valence quarks carry higher momentum

> Q? dependence:
higher resolution,
more gluon and sea quark contributions

> Kinematics are determined by
centre-of-mass energy

M
+
L1,2 = —= y

NE

" For fixed mass and fixed y:
larger Vs — smaller x

= Has a distinct effect on composition
of gluons, sea and valence quarks

LHC parton kinematics
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WI/Z cross sections at Vs = 2.76 TeV

T I T T
ATLAS
Vs =2.76 TeV, 4.0 pb

7] Data + total uncertainty
| Data = stat. uncertainty
A ABMP16
v CT14nnlo
m NNPDF3.1
® MMHT14nnlo68CL
A ATLAS-epWZ12nnlo
O HERAPDF2.0nnlo

(NNLO QCD inner uncert PDF only)

I 1 I 1
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> Small data set still dominated
by statistical uncertainties

210
o3’ [pb]

> Reasonable agreement between
data and predictions for Z cross-section

= Slightly low for all PDFs

> Larger disagreements between data
and prediction for W cross-section
" Best agreement with HERAPDF2.0nnlo

only HERA data

Predictions from DYNNLO 1.5 (NNLO, O(a_? )) with full spin

correlations, NLO EW effects with Fewz 3.1 (Z bosons) / Sanc (W
bosons) in Gy EW scheme (~ -0.25% effect). FEWZ used for
, fixed m,,,.

PDF/scale uncertalnty Scales used: dynamic m,,

Sheffield.

Eur. Phys. J. C
79 (2019) 901

(NNLO QCD |nner uncert PDF only)

ATLAS
(s =2.76 TeV, 4.0 pb

7] Data + total uncertainty
| Data+ stat. uncertainty
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https://link.springer.com/article/10.1140/epjc/s10052-019-7399-7
https://link.springer.com/article/10.1140/epjc/s10052-019-7399-7

WI/Z cross sections at Vs = 2.76 TeV

Eur. Phys. J. C
79 (2019) 901
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I Data =+ total uncertainty I Data = total uncertainty
| Data = stat. uncertainty i | Datat stat. uncertainty +HiH
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m NNPDF3.1 m NNPDF3.1
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0 HERAPDF2.0nnlo 1 O HERAPDF2.0nnlo —
(NNLO QCD inner uncert PDF onIy) (NNLO QCD mner uncert PDF only) | | |
| L bl by L1 | L1 L1 I
15 155 16 165 17 1_75 1.8 185 1.9 96 98 10 102104 106108 11 112114
fid fid
fld |/ Gfld Oy / oY

> Ratios significantly reduce systematic uncertainties due to systematics cancellations

= Slight (<20) tension of W+/W- data ABMP16 PDF set
contains 7+8 TeV LHC W,Z and top data

" MMHT14nnlo68CL and CT14nnlo good agreement in ratios
include Tevatron as well as most LHC data (except top and W+c for CT14, except W+c for MMHT)

> WIZ ratio sensitive to strange quark contents

" HERAPDF2.0nnlo a bit high and generally different from other PDFs
only HERA data (+LHC WZ 7 TeV data for ATLAS-epWZ12)

The
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https://link.springer.com/article/10.1140/epjc/s10052-019-7399-7
https://link.springer.com/article/10.1140/epjc/s10052-019-7399-7

NNLO QCD

WI/Z cross sections at Vs =5 TeV

do/dly | [pb]

Eur. Phys. J. C
(2019) 79:128

120 = 0.32———7
- ATLAS N 03F ATLAS E
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ool + MMHT2014 pl >20 GeV - 0. 8% + MMHT2014
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y| 2 m|
> Differential cross section with DYNNLO prediction
" Tendency of all PDFs to underestimate central Z rapidity range
Best agreement with NNPDF3.1 which includes the high precision 7 TeV ATLAS data set
= W asymmetry also mostly slightly underestimated
The
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WI/Z: Cross section ratios at Vs = 13 TeV

|
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> WIZ ratio

= Sensitive to valence to strange ratio
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= Consistent with Run-1: preference for an enhanced strange content, though
not visible for 2.76 TeV data

> W+/W- ratio
= Sensitive to u/d valence content of the proton
= Smaller ratio than predicted by most PDFs

o Of

The
University

Sheffield.
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https://link.springer.com/article/10.1007/JHEP02(2017)117

77 (2017) 367

Results from LHC Run-1 - cross-sections at 7 Tev

160 T

o B I I = L B A E s e S s B R
2 - ATLAS Zy* — Il . < 0.3 ATLAS \s=7TeV, 46"
£= 140; VS=7TeV’4'6fb-1 66<m“<116GeV{ 028:_ e Data f _:
S Rt ooy 281 W
© 120 #% | <25 — 0.26 & CT14 X E
- e ] C O HERAPDF20 t# .
100 :_ o _: 0.24 E Z :AF:\;II:T2014 ]
C o ] 0.22 - ¥ NNPDF3.0 $ =
80 ] T — Uncorr. uncertainty $ ]
60 :_ : 2;::12 = _: 0.2 :_ [ Total uncertainty ) _:
C & CTi4 7 0.18 wt-w —]
- O HERAPDF2.0 I = Lepton Asymmetry -
40— 6 JR14 vy it - 0.16 — 1 p. >25GeV —]
— A MMHT2014 ncorr. unce. ainty — : T :
= I Total uncertaint - + L p. >25GeV ]
20 j. ta NNPPF?'OI L Irz?nogi(t:;ei(‘:r:u}%edl(i :1.8"’/0) | . .*% 0.14 % A rrITYV> 40 GeV 7
%1_055—" |L||LI|1L|L> 55105_::“ A 3
a 1: L L 1 L . © " = =
Q T Y T T AN O T T U a 1
=095 A Y4 YA AR AT AT AT AT £0.95
@ A T N R R
s 0 0.5 1 1.5 2 v 2 0 0.5 1 15 2 2.5
I

|
> Consistent picture in the most precise measurement of W/Z cross sections

= 7 TeV data included in newest global PDF sets

Q?=19GeV2x=0023  ATLAS

" Interpreted by ATLAS as enhanced strange sea | . asmi2 -
(strange-to-down sea quark fraction ~1, T NNPDFS.0 —=—
no strange sea suppression at low x) v CT14 —

o ATLAS-epWZ12

ATLAS-epWZ16
exp uncertainty
[ exp+mod+par uncertainty

https://indico.cern.ch/event/868940/contributions/3814138/ e)l(P+mOCI|+Dar+tlhy uncelrtaintyl | |
i 0O 02 04 06 08 1 12 14

Mark Sutton: Determination of the Parton Density ~
%ﬁ ctions|of the Proton with the ATLAS data s+

ul 2020, 20:30 T o



https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://indico.cern.ch/event/868940/contributions/3814138/

More information through very specific phase spaces

> High mass Drell-Yan > Forward Z production
= Adding additional information on = Useful to go to lower values of x
photon-induced processes = Also interesting for A_, measurements
< o ' ' ' T T T T T ] %‘ L I I I I L I N
S "'F *e, ATLAS o ba O - ATLAS ¥ Data .
~ F ata p - r -
= 10} Cee . o 8 [ \s=8TeV, 20.1 o’ ™ Total unc. |
E | Sys. uncertainty . . ¥ Prediction
S 0%k e Total uncertainty o _High rapidity e channel : ]
= E — Y E F - —
e} i E 9 80 < m,, <91 GeV
2 104[ Is=7TeV, [Ldt=4.91' e . o2 0.8~ 28« ly | <3.6 ]
b ] electron p_> 25 GeV, || < 2.5 [ %5 >? B ee ]
'O_g 10 E 1.8 % luminosity uncertainty not included E 6@ o
ol = R PR
a L MSTW2008 with 68% CL (PDF + as)iscalei+P:un<;. L ] © B 7]
é 1'21- 0.4_— ]
E 08_ | REARMCaTERT “ 1 I 1
= - HERAPDI|:1.5 ----CTI10 UTABMIT - NNPDF23 — FEEREEEE 02‘_ ]
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20.8- = TR E_——TT ] E 12_"'|"'|"'|"| | I
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JHEP 08 (2016) 009 m,, [GeV] a -T 08 06 04 02 0 02 04 06 Ogosej
JHEP 12 (2017) 059
https://indico.cern.ch/event/868940/contributions/3814143/
111l
Camilla Vittori; Measurements of W/Z boson production in
ith jets at ATLAS
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https://link.springer.com/article/10.1007/JHEP08(2016)009
https://link.springer.com/article/10.1007/JHEP12(2017)059
https://indico.cern.ch/event/868940/contributions/3814143/

Conclusions

> A wealth of single-boson cross-section data is available at
the LHC - all centre-of-mass energies

> |Low uncertainties with full correlation information

> Looking forward to see this included in global interpretations

The

‘%j/ g?iversity Kristin Lohwasser | ICHEP2020 | Single vector boson production at ATLAS | 14
%/$\ 9

= Shefficld.




Backup slides
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Optimistic forecasts

= Some theorists advertise 1% percent uncertainty
— in the extreme hadron collider environment!

= Gavin Salam: H- yy signal strength
50 R | Y | I 1

———rr —
| Today: : one expt. ——
— O : two-expt. combination
lo\_ol 20 - O """ """"" . : P : : 7
c . N z z
Q : : :
s 10F- - . £ i e
(@] - : : 3
9 3 - -
go) I ..
o) offictal HL-LHC
©
Z forecasts
s 2 .. today’s ........
= 21 TH syst 2
EI<J 1 . (=] r;?riTH syst AAAAAAA I E
no SJ/St.

0_5'......i e e e i

https://gsalam.web.cern.ch/gsa 10 30 100 300 1000 3000
lam/talks/repo/2016-03-SB+SLAC ) 1
-Munich-precision.pdf lumi at 13/14 TeV [fb™']
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https://gsalam.web.cern.ch/gsalam/talks/repo/2016-03-SB+SLAC-Munich-precision.pdf
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Collisions at the LHC

Probability to find parton in proton with
fq (LL’ 1, Q ) momentum fraction x to enter a collision
at a momentum transfer squared Q?

Proton 1 T
q 15
P, /

-

Final state:
Parton shower,

Nadronization, detection

P, /fq(xzan)\

Proton 2 _ Analytical part

phenomenological part scale uncertainty, a.,...

opp—-X = PDF 02y Ohardscatter — Z /dxldefq(xla QQ)fG(x% QQ) & &ch—>X(O‘7 Q2)
q

The
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