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Measurement of phenomena at smallest scales

—

ATLAS

EXPERIMENT

Collider endeavors on precision comparisons between observations and predictions:
>> precisely test the Standard Model (cross-sections, parameters, ...)
>> search for new physics phenomena (resonances, deviations)

>>> knock on the door to potentially answer outstanding questions
(dark matter, matter-anti-matter asymmetry, v masses, hierarchies, ...)
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Predictions and measurements
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SM parameters

Measuring these parameters at different exp. offers

- stringent test of SM internal consistency

- high sensitivity to new physics

- probe of running nature of fundamental couplings

19 free parameters
or 26 parameters (including neutrino sector with masses)
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LHC measurements

ATLAS-CONF-2018-037
A

sin? @,

LEP-1 and SLD: Z-pole
LEP-1 and SLD: A%s
SLD: A,

Tevatron
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CMS: 8 TeV
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TLAS Preliminary
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ATLAS+CMS Preliminary
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World comb. (Mar 2014) [2]
stat
total uncertainty
LHC comb. (Sep 2013) LHctopwa
World comb. (Mar 2014)
ATLAS, l+jels
ATLAS, dilepton
ATLAS, all jets
ATLAS, single top

My, SUMMary, Vs =7-13 TeV June 2023

total stat

m,,, + total (stat + syst + recoil)
173.29 +0.95 (0.35 + 0.88)
173.34 £ 0.76 (0.36 + 0.67)
17233 £1.27 (0.75 + 1.02)
17379 + 1.41 (0.54 = 1.30)
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8TeV [8]
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ATLAS, dilepton 172.99 + 0.85 (0.414 0.74)
ATLAS, all jets 17372 +1.15(0.55 + 1.01) BTeV [7]
ATLAS, l+jets 172.08 + 0.1 (0.39 + 0.82) 8Tev (8]
ATLAS comb. (Oct 2018) 172.69 +0.48 (0.25 + 0.41) 748 TeV (8]
ATLAS, leptonic invariant mass 174.41£ 0.81 (0.39 £ 0.66 £ 0.25) 13 TeV [9]
ATLAS, dilepton (") 172.21+ 0.80 (0.20 + 0.67 +0.39) 13Tev [10]
CMS, l+jets 173.49 +1.06 (0.43 + 0.97) 7TeV [11]
CMS, dilepton 17250 £ 1.52(0.43 + 1.46) 7Tev [12)
CMS, all jets 173.49 + 1.41 (0.69 + 1.23) 7TeV [13]
CMS, I+jets 17235 £ 0.51 (0.16 + 0.48) BTV [14]
CMS, dilepton 17282 +1.23(0.19 4+ 1.22) BTeV [14]
CMS, all jets 17232 £ 0.64 (0.25 + 0.59) BTV [14]
CMS, single top 172.95 +1.22 (0.7 £ 0.95) BTev [15]
CMS comb. (Sep 2015) 172.44 +0.48 (0.13 £ 0.47) 78TV [14]
CMS, l+jets 172.25 + 0.63 (0.08 + 0.62) 13 TeV [16
CMS, dilepton 172.33 £ 0.70 (0.14 £ 0.69) 13Tev [17]
CMS, all jets 172.34 + 0.73 (0.20 + 0.70) 13 Tev [18]
CMS, single top 172134 0.77 (0.32 £ 0.70) 13Tev [19]
CMS, l+jets 171.77 £ 0.37 13 TeV [20]
CMS, boosted 17276 + 0.81(0.22 + 0.78) 13 TeV [21]
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Overview of m,, Measurements
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Covered measurements relevant to my,; and a5 from ATLAS and CMS

ATLAS: W mass measurement with 7 TeV pp collision data
ATLAS-CONF-2023-004 improved upon original result in EPJC 78 (2018) 110

ATLAS: Measurement of W/Z pT with low pile-up data at 5 and 13 TeV
ATLAS-CONF-2023-028

ATLAS: Measurement of Z pT at 8 TeV
ATLAS-CONF-2023-013

CMS: Measurement of Z pT at 13 TeV
arXiv:2205.04897

CMS: a¢ measurement with inclusive jet cross-sections at 13 TeV
JHEP 02 (2022) 142

ATLAS: a¢ measurement with multi-jets at 13 TeV
arXiv:2301.09351

ATLAS: a¢ measurement with Z pT at 13 TeV
ATLAS-CONF-2023-015
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-004/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-18/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-028/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-013/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-51/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-015/

CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0 m Pixel (100x150 um) ~1m?* ~66M channels
Overalllength ~ :28.7m
’ a n Magnetic field  :3.8T

Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
= Silicon strips ~16m* ~137,000 channels

'ORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

44m
o~
%
=
H CRYSTAL
: ELECTROMAGNETIC
CALORIMETER (ECAL)

~76,000 scintillating Pb(WO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

25m
Two general-purpose detectors with excellent
performance and broad physics potentials:

Tile calorimeters

A b Pl g Higgs and other SM measurements, direct search
IXel aerecror \

LAr electromagnetic calorimeters for neW phySiCS at EW and TeV Scales, see

Muon chambers Solenoid magnet | Transition radiation tracker

Toroid magnets

Semiconductor tracker
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Total Integrated Luminosity (b ')

Data taking and processing

CMS Integrated Luminosity, pp, vs =7, 8, 13 TeV

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC
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Tremendous efforts from
LHC, detector teams to make
the data collection smooth

7/7/2023

Physics successes owing to precise understanding
of e, u, jets, E;™sS, and tagging of heavy-flavor jets
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W mass measurement

EPJC 78 (2018) 110 ATLAS-CONF-2023-004

G

Walk through the methodology in the
original paper and flash through the updates
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-004/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-18/

Story of being precise ...

0.12— ATLAS Simulation
1s=7 TeV, pp— WX — A my,=-50 MeV

Ameevey v" Abundant and clean W 2 ev and pv events (> 10M)

Normalised to unity

v' Sensitive variables p,'®P*®" and m;W to measure mW

o Templates with varying mW fit to data

=} ————— st e . . o .
R == S v Target of O(10) MeV precision requires per-mil precision
© Veewp oo s . . e .
Z 60 6 70 75 8 8 90 %[G \1/]00 in predicting and measuring p,'and m;

m; [Ge
p O T o Correcting MC simulation to start-of-art predictions
; 1s=7 TeV, pp— W'+X E . . . . . L.
3 o Calibrating physics objects to best possible precisions
i
§> v Z events for calibrations and verifying corrections and

methodology

£ 1oE s o more precise mZ, and similar process to W
== e .
= 30 32 34 36 38 40 42 44 46 48 50

Pl [GeV]
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Modelling and Corrections

" Needs precise modelling upon all corners:
W1 ”;‘ \\ . from matrix-element all the way to final state particles
::, by T ." W, Z process initially modelled with Powheg+Pythia8:
'j¢. >—<‘t': NLO QCD + QED final state radiation + LL QCD resummation
A Correct to start-of-art predictions based on Drell-Yan factorisation formula
W T Lo - 7
TV do [do(m) \dcr(m] do(pr. y) (da(y)) 1 )
e = (1 +cos“0)+ Ai(pT,y)Pi(cos b, @)
dpidp> { dm dy dprdy \ dy ; g ¢ ‘
/_ Rapidity distribution: Helicit dA:
Differential o for final states apidity distribu |on. celctyoand A: -
® detector response Correct to perturbative Correct to perturbative
P NNLO via DYNNLO NNLO via DYNNLO
=>» Detector-level templates
p.(V): sensitive in small p;, subject to large uncertainties
Breit-Wigner mass distribution, Correct to Pythia 8 tuned with data — AZ tunes
vary as mW (approximately NLO QCD + NLL resummation accuracies)
(uncertainty on width considered)

Corrections on variables insensitive to mW =» reliable modelling, minimum biases to mW
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Modelling variation in m;W under control

E104 L I IR ILRLELE R
- -ATLAS Slmulatlon ]
._"-CE 1.03F [ Vs =7 TeV, pp—=W+X .
5 C Pythia 8 A7 ]
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Modelling variation in p;' under control
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Improved modelling

Pred. / Data

pT(V) greatly |mproved
%0.0S—ATLAS L o Data -
S A —— Pythia 8 4C Tun
_%Po.os z_pp” —« Pythia 8 AZ Tune
3 005
e " F
= 0.04F

Avoid larger uncertainty ranges:
Narrower range p;and m; used
for measurement

Y. Wu

dodly | [pb]

Validating y modelling with measurement
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Modelling uncertainties

Demonstrating the impact on mW measurement directly

Decay channel W — ev W — uv . .
Kimomoi gt A Higher-order electroweak (with WINHAC and SANC)
omw [MeV] . . . . . .
FSR (real) <01 <01 <01 <01 Real FSR included in simulation = negligible unc.
e :;;‘;‘fp"‘r‘:flgij;‘f““”“s R Loop, interference (ISR-FSR), FSR pair production not
Torad 19 26  s6 26 included in simulation = full size evaluated and assigned unc.
QCD
PDF unc. dominates
W-bos h wt w- Combined . .
it e s me o me gt m | = CT10nnlointernal errors, alternative sets
omy [MeV] Parton shower unc. important
Fixed-order PDF uncertainty 13.1 149 120 142 80 87
AZ tune 30 34 30 34 30 34 | - affect pT modelling; uncertainty reduction in ratios
Charm-quark mass 12 15 12 15 12 15
Parton shower up with heavy-flavour decorrelation 50 69 50 69 50 69 / *\W /
Parton shower PDF uncertainty 36 40 26 24 10 1.6 ( data MC/ MC)
Angular coefficients 58 53 58 53 58 53 Angular coefficients Ai also important
Total 159 18.1 148 172 11.6 129

- Rely on Z measurement errors/discrepancies

QCD scale variation in matrix element negligible

7/7/2023 Y. Wu 13


https://arxiv.org/abs/1310.5994
https://arxiv.org/abs/hep-ph/0506110

Detector response

Key observables are p;' and m, * Rely on precise measurement or response to p,'and p,™s
my = \/zpfpmiss(l oS Aqb)‘ e Calorimeter clusters used to reconstruct recoiling energy
THT . . .
u; to improve p;™ resolution
SMISS __ >{ —
Pr =~ (PT + MT)|
onic calorimeter eIeCtron
[(m / e third layer Bads el & uT Calo.
My et rrii.., A Clusters sy
R ) |
presampler i - o
........... TRT (72 layers) 2 ,,,—"‘/ H
~~~~~~ L] HEE R,
SC \ . g
(Segment-Tagged Muon ‘. p \ . maw
""" N ;l;robabilityHT ek o Calo. o
1 missing
Clusters energy
(Calo-Tagged Muon]
Lepton p, E scale and resolution, efficiencies, determined via Calibrated activities
Tag & Probe method in Z events, corrected in simulation along-side Z events

7/7/2023
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Calibrated e, n

[a]
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1 scale correction to simulation
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Corrections (in py, n, 0)
validated in Z data

=» Small uncertainties
compatible to statistical
error of Z data (per-mil)

=>» Impact on mW could be
O(10) MeV

Benefit from larger
samples in the future
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Calibrated u;

0 200 400 600 800 1000 1200 1400
> E* [GeV]

u; sensitive to effects of extra pp collisions (pile-up) = 120- ATLAS e oma 3
=>» Prefer to work in low pile-up environment g F (s=7TeV, 4.1 —— Z—u*u- (before corr)) 7
=» Use Z events to correct for event activities and w100 B Z-ww (after cor) -
then for u; energy scale and resolution @ 80 E
x10° W eop E
> 120__ L L R L L H AL RN | __ 40:_ _:
8 F[A TLAS ° Data - : -
o 100 Vs =7 TeV. 4.1 o1 —— Z—u u (before transf.) = 20k =
N - o B Z-u'u (after transf.) 3
5 - - o)
L - @
i - <
40_— ] f__ﬁ
L - (1]
20F - - ur [GeV]
B 105 + +++|'1++‘|'+++++H+ H‘lHHH H fiie u; modelling affects mW measured from m;
o MMH ------ * HTH o
= 095 e "ty ]l \l O(10) MeV due to event activity
©
(]

correction, and Z->W extrapolation
EE:} = EET — |ITE}T|
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Events / GeV

Data / Pred.

Full procedure validated with Z events

Measu rement RegiOnS / (treated one lepton missing) — see backup

Data and predictions for W events after all corrections
Backgrounds mainly Z, multijet (data-driven) = imposing 5-10 MeV unc. to mT

7 L L L > - T T T T T T T T - x10?..‘..........‘...,....,...‘
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g 1027 B B ]
= = ATLAS :
~ 1015 (o= 7 Tev, 4146 1 E
° C + . . . .
oT(W) & ot W=V All ingredients in place to perform final
1.005F .
: - measurements:
modelling g SRR _
examined Chi2 fit with varying mW templates to
0.995 = . . . .
with u; 0.0 B i3 2 3 data, performed in various bins, variables
0.985 Powheg MINLO + Pythia 8 (consistency check) and combined
) DYRes (LL‘AVCD, LLéCD corr)
PR U N TR S S N ST S S N S SR S SRR R SRR S
0.98; 5 10 15 20 25 30
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Measured W mass

e 5 L M O 7= % A o
< 80700 s P, W Iv ATLAS . 2 Stat. Uncertainty
© goss0 ATLAS P ol U LW _ i 1 — Full Uncertainty
3806005_ s=7TeV, 461" Iif(‘i".\,’) Dste Une. Pr 7 :_) _f_ . _’l_g_ "7 TeV, 41460 ——e——r — m,, (Full Comb.)
€ oot e R4 Mot T, WS TV Stat. Uncertainty
80550 | | ! ' my, W—Tv Py Full Uncertainty
80500F | | : N |
80450F | | ] ﬁﬂ?.‘i A U oy o ______
80400E - + | - + P Woev ®
80350;;+_+ I ! + ! ! * I + [nI,YV_i?:E_v _____________________ ! ________________________
80300;— | +' + | 5 P, WES ptv ®
sl mWouy | L
80200 0.0<[|<0.6 0.6<In|<1.2 1.8<nj<2.4 me-pl, W= I'v —
Category mr'p',s W= v —
= 80700¢ Ap (W) [@Stat Unc. mTp|W_>FV"""""""_F_""""""""
2 gogsoATLAS Volw) —Total unc. 80280 80300 80320 80340 80360 80380 80400 80420 80440 80460
ESOGOO%—\F 7 TeV, 4.1 fb! :mei)) Q_Sr»talt.lll_lJnc. m,, [MeV]
805505_W+% W © —Gomb Fit (Total Unc. my = 80370 %7 (stat.) = 11 (exp. syst.) = 14 (mod. syst.) MeV
80500F- | | + | = 80370 + 19 MeV,
80450 | | |
80400 - + : + ' 1 i | , . . .
803505——* . —:+— —+ 1 AUy Final results given by combined m; and p,! fits
ggzgg | | | —> Stat. improvement, syst. cancellation w.r.t. individual fit
80200 s d 1A 20 o< Extensive test of stability, consistency has been performed

Category
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Systematics in a nutshell

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.
mt, W*, e-u 80370.0 | 12.3 8.3 6.7 14.5 9.7 94 34 169 309 2/6
mt, W™, e-u 80381.1 | 13.9 8.8 6.6 11.8 10.2 9.7 34 16.2 305 7/6
my, W=, e-u 80375.7 9.6 7.8 5.5 13.0 8.3 96 34 102 251 11/13
pL W, e- 80352.0 | 9.6 6.5 84 2.5 52 83 57 145 235 5/6
p%, W™, e-u 80383.4 | 10.8 7.0 8.1 2.5 6.1 8.1 5.7 135 236 10/6
pf}, W=, e-u 803694 | 7.2 6.3 6.7 2.5 4.6 83 57 90 18.7 19/13
p%, e 80347.2 9.9 0.0 14.8 2.6 5.7 82 53 89 231 4/5
mt, W*, e 80364.6 | 13.5 0.0 144 13.2 12.8 9.5 34 102 308 8/5
mT-p%, W+, e 803454 | 11.7 0.0 16.0 3.8 7.4 83 50 137 274 1/5
mr p%, W~ e 80359.4 | 129 0.0 15.1 3.9 8.5 84 49 134 276 8/5
mr p%, W=, e 80349.8 9.0 0.0 14.7 3.3 6.1 83 5.1 9.0 229 12/11
pL W=, 80382.3 | 10.1  10.7 0. 2.5 39 84 60 107 214 77
my, W*, u 80381.5 | 13.0 11.6 0.0 13.0 6.0 96 34 112 272 3/7
mT-p%, W™, u 80364.1 | 114 12.4 0.0 4.0 4.7 88 54 176 27.2 S/7
mr-p7, W, u | 803986 | 120  13.0 0.0 4.1 57 84 53 168 274 3/7
mr pf;, W=, u 80382.0 8.6 10.7 0.0 3.7 4.3 86 54 109 21.0 10/15
mT-p%, W™, e-u | 80352.7 8.9 6.6 8.2 3.1 5.5 84 54 146 234 7/13
mT-pg, W™, e-u | 80383.6 | 9.7 7.2 7.8 3.3 6.6 83 53 136 234 15/13
mr p%, W=, e-u | 80369.5 6.8 6.6 6.4 2.9 4.5 83 55 92 185 29/27
7/7/2023 Y. Wu

Cannot miss any
corners of
potential effects
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to improve modelling of systematics
=>» Change to likelihood fit method
=» Same modelling as in original paper,

Updated W mass NEW!

Chi2 fit method don’t exploit data directly

except for updated PDF to CTIS8NNLO

Can visualize post/pre-fit behaviors

7/7/2023

x10°
> F T T T T | T T T T T | T T T T -
& 0.5F ATLAS Preliminary <-Daia = Postiiralie]
= C {s=7TeV. 41f0™ BN W*—ptv, -« Prefitratio ]
> C y*-channel, post-fit . TV 777 St ® Syst
2 04 # P Backgrounds .
c C .
[} - ]
> C 3
L — 3
_0'-1 . 02 [ 1 I 1 T I I I | I I | I I i I ]
(0] C 4 4 ]
huet Ao a 4 a4 . Ak F S X, * 4 L
o g |2 DRSSP S 2% S P ST Wr}ﬁv-ﬁ‘ffﬂﬁ//"v‘/fiysx/‘/ Seades ey
= -
[1v] C
"(6098_ P TN N | I P L1 ]
o 30 35 40 45 50
£
pr [GeV]

— Pull
B= Shift

PDF EV 1

Muon
Extrapolation 2.0<[n|<2.4

Width constraint

Electron Scales
L2 Gain

EW Pairs

PDF EV 2

PDF EV 6

Xs QCD e* 1.8<n|<2.4
PDF EV 3

PDF EV 29

Statistical interplays start to happen

)=11

J

Shift m,, [MeV]
710 0

|1|O| T T T

ATLAS Preliminary

\s=7Tev, 4.6/4.1fb’1, e-/u-channel, combined m}”-ﬁt

N
L

——

—

S B B
Pull = (8-6,)/A0

—2

Y. Wu

2

Poisson (nﬁlvﬁ(y, 5)) - Gauss ((3)

CT10
arXiv:1302.6246

CT14
arXiv:1506.07443

CT18
arXiv:1908.11394

MMHT2014

arXiv:1412.3989

MSHT20
arXiv:2012.04684

NNPDF3.1
arXiv:2005.06477

NNPDF4.0

arXiv:2109.02653

Overview of m,, Measurements (p_ Distributions)

ATLAS Preliminary ™™=
s=7TeV, 46" H

mem
- =
-
-
@ Measurement '
[Ostat. Unc. ——
.Total Unc.
. "ISM Prediction - |
i ] i
80300 80400

m,, [MeV]

Check PDFs on the markets
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Updated W mass NEW!

Overview of m , Measurements

e AN VUICAMRERE  [SERreApTInaR
,,,,,,,,,,,,,,,,,,,,,,, F=7Tevasw' | O B805Preliminary e
ERCE SuRauprzszw)zoa (2012) E -: o - g N [ 68/95% CL of m,, and m ]
| ' 80.45] -
QCBEE@E%%Q p170 (2022 i E 18 L -
Statistical [ R M 1 N D 80.41 .
. . LHCb 2022 : e H = =5 =
combination of | E——— A
. : o 80.35= s =
pT and mT f|t5, ATLAS 2017 : N : = .
. EPJ-C 78-2, p110 (2018) ® Measurement E —. @ == : , :
pT dominates [stat. une, | 80.3[ e 0005 OL of Electioweak 7
.. ATLAS 2023 .ToiaIUnc. ; E : " (Eur. Phys. J.¥ 74 (2014) 5046) ]
the precision Bl B /M Preciction —em - ‘ ‘ o
7777777777777777777777 ‘ ' i | 8025 T T R T L 1 T R N IR B I

80200 80300 80400 165 170 175 180 185

m,, [MeV] m, [GeV]

my = 80360 + 5(stat.) + 15(syst.) = 80360 = 16 MeV

Updated mW measured to have lower mass, and 3 MeV smaller unc.
Better consistency with electroweak fit prediction

FUTURE:

more precise, independent measurements from ATLAS, CMS, LHCb will be desired (in view of
discrepancies w.r.t. CDF results) =2» more precise calibrations (with more data), better pT modelling
(more precise V pT measurements), better PDF modelling (more relevant PDF measurements at the LHC)

7/7/2023 Y. Wu
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V pT measurements

ATLAS-CONF-2023-028  ATLAS-CONF-2023-013 arXiv:2205.04897

Flash through new measurement results

Y. Wu
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-028/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-013/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-003/index.html

arXiv:2205.04897

V pT measurements

1% measurement precision provides great inputs to

Or precision differential : .
P ts of W or Z latest MC algorithms (NLO multi-leg, NNLO + PS,
Mmeasurements o or £: .
o NNLL resummation, TMD, ...)
- Parameter determination (e.g.,
W mass and OLS); UnderStanding CMS 36.3 fb' (13 TeV) CMS 36.3fb"' (13 TeV)
of QCD (V+jets); Search for new [MG5_aMC(0,1.2)+PY8] Stevelea [MINNLOps| .
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-003/index.html

Z pT measurements

Broad
coverage of
phase spaces

Not only pT:
constraining
high-order

perturbative

7/7/2023
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Low pile-up gives smaller but sufficient

data sets and clean collision environment
Ideal to gain precision knowledge
for pT(W) modelling at lower end

Low pile-up pT(V) measurem

dc/de [pb/GeV]

Ratio

ents

o

107"

_.
2
8

0000 —2—aaa
Svwon gooos

ATLAS Preliminary
Ys=5.02 TeV 255 pb™, Z— |l
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Worked on Z events,
to validate that pT-
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Low pile-up pT(V) measurements

ATLAS-CONF-2023-028
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JHEP 02 (2022) 142

¢ measurements

arXiv:2301.09351  ATLAS-CONF-2023-015

Y. Wu
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-51/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-015/
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a ¢ affects everything

LHC measurements unique to test the
ag running to electroweak scale and TeV

proton - (anti)proton cross sections

Vs (TeV)
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events / sec for - = 10 cm?s™

Utilize the
abundant
production of
jets and V+jets™

gu—

Many different methodologies, relevant examples below

arXiv:1811.11801

global fit result

Top quark pair production 1
Z pT A

Collider Drell-Yan

Fixed Target Drell-Yan A
Inclusive Jets 1

Collider DIS (HERA) 1

Fixed Target neutrino DIS A

Fixed Target charged lepton DIS A

Total A

as(mz) determination

— “." PDF fit with collider
= results (e.g., inclusive jet)
o can give constraint to ag
- e (sensitivity from parton o
Rl and DGLAP scaling)
Gl 0115 oo 0125 0130

Transverse energy-energy
correlation (TEEC)

dated back to e+e-, to explore
multi-jet FSR correlation
affected by a;

a s modifies the strength of
ISR, and therefore affects p(2)

< p;(2) is one of most precisely
measured distribution at LHC
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Beautiful jet measurements
input to
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Constraints to gluon PDF

29


https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-011/index.html

arXiv:2301.09351

TEEC in multi-jets =2 ag
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TEEC in multi-jets 2 ag

arXiv:2301.09351

Chi2 template fits with varying a at different energy scales
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Precise ag determination at TeV scales

ATTEC fit (with MMHT PDF) gives global value
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TEEC, ATTEEC similar precision, correlation ~
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ZpT =2 ag

ATLAS-CONF-2023-015

Demonstration of ZpT : , : :
4 ationshi P Z pT measurement being very precise matching to precise
and ag¢ relationshi . . . .
N $ P modelling prediction can yield great precision in ag
- pp—Z,8TeV
i g z 04y <os | ATLAS Preliminary
oo s 5" oo 2
- % % __--3 8TeV,2021"
40; .. € = -+ Data .
725 P e OO Post-fit N B T I ' 7
-4 T TS [ POF unc. E 0.122[—ATLAS Preliminary pp—Z —
- s o =008 Tt=-I4 t [] PDF @ Theory unc.  »§” L -1 a
201 T ai:zizg?l?z 12<lyl<16 --%(mz)io.ooz 0.120:_ 8 TeV,20.2fb —i
¥ — — ay(m,)=0.128 - ]
T — 0.118F ¢ —
e 01164 I =
0.8l——— ‘ C .
0 5 10 15 0.114— ]
p_[GeV] C ]
01125 MSHT20 PDF E
0.110F = gcpz;e variations E
State of art prediction: o108t | | g
. ' 3
DYTurbo: NALL resummation NLL NNLL NLL N'LLa
3 : 0.8 . . .
+ aN>LO perturbative 1 : i Evolution of measured ag precision
; 3 . [GeV] . [GeV] . . . g
with N*LO MSHT20 PDF p " V.s. increased accuracies of prediction
(improving accuracies and good
convergence of results)
7/7/2023 Y. Wu 32


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-015/

ZpT 2 ag

ATLAS-CONF-2023-015
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Summary

Discussed selected topics and recent progress relating to mW and ag

= Full exploitation of abundant process at the LHC: W, Z, jets leads to great precision
—> Careful detector calibration is indispensable

—> State-of-art predictions are indispensable

= LHC already at the leading precision of measuring relevant fundamental parameters

= Triumph of both experimental and theoretical communities

— More sensitive to find potential anomalies relating to long-sought new physics

NEXT:
—> Rely on even larger, cleaner data sets to improve both experimental and theoretical precision

NO easy tasks but rewarding!
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Thank you for your attention!
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Consistency Test with Z

Treat one lepton from Z as missing to mimic W events
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Ratio to data

More on ZpT 8 TeV ATLAS
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ATLAS-CONF-2023-013

PDF set Total y* / d.o.f. v? p-value Pull on luminosity
MSHT20aN’LO [60] 13/8 0.11 1.2+ 0.6
CT18A [61] 12/8 0.17 0.9+ 0.7
MSHT?20 [62] 10/8 0.26 09+0.6
NNPDF4.0 [63] 30/8 0.0002 0.0£0.2
ABMP16 [64] 30/8 0.0002 1.8+ 0.4
HERAPDF2.0 [65] 22/8 0.005 ~1.3+0.8
ATLASpdf21 [66] 20/8 0.01 11408

Comparison between high precision data to various

PDF sets

Y. Wu

38



More on inclusive jets CMS
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Constraints including both jet data and ttbar data
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. ATL-PHYS-PUB-2017-021
More on pileup dependence of U;

> 30 [ T T T T | T T T T l T T T T I T T T T T T T T T T T T ]
3! - ATLAS Simulation Preliminary 5
O Ll 1s=13TeVZ- uy oo
=1 B {}{*{FO_ _
B o~ ]
B B PR i
20 [ —O—_O__O_ ]
B o |
B o N
15 _— _O_'O-_O_ ]
- o0 -
B o0& |
10— o ]
o 5
- -.-_‘_ ]
5 _t++ —=©&— High-u Calorimeter settings i
B —8&— Low-u Calorimeter settings ]
: | | | | | | | | | | 1 | 1 1 I 1 | | | | | | | | | 1 1 1 1 .
0 5 10 15 20 25 30

<>



	幻灯片 1: Progress in the precision measurements of  W mass, V pT, and aS
	幻灯片 2: Measurement of phenomena at smallest scales
	幻灯片 3: Predictions and measurements
	幻灯片 4: SM parameters
	幻灯片 5: LHC measurements
	幻灯片 6: Covered measurements relevant to 加粗斜体 m 下标 加粗斜体 大写 W  and 加粗斜体 alpha 下标 加粗斜体 大写 S  from ATLAS and CMS
	幻灯片 7: LHC, ATLAS and CMS
	幻灯片 8: Data taking and processing
	幻灯片 9: W mass measurement
	幻灯片 10: Story of being precise …
	幻灯片 11: Modelling and Corrections
	幻灯片 12: Improved modelling
	幻灯片 13: Modelling uncertainties
	幻灯片 14: Detector response
	幻灯片 15: Calibrated e, m
	幻灯片 16: Calibrated uT
	幻灯片 17: Measurement Regions
	幻灯片 18: Measured W mass
	幻灯片 19: Systematics in a nutshell
	幻灯片 20: Updated W mass NEW!
	幻灯片 21: Updated W mass NEW!
	幻灯片 22: V pT measurements
	幻灯片 23: V pT measurements
	幻灯片 24: Z pT measurements
	幻灯片 25: Low pile-up pT(V) measurements
	幻灯片 26: Low pile-up pT(V) measurements
	幻灯片 27: 加粗斜体 alpha 下标 加粗斜体 大写 S  measurements
	幻灯片 28: 加粗斜体 alpha 下标 加粗斜体 大写 S  affects everything
	幻灯片 29: Inclusive jets  加粗斜体 alpha 下标 加粗斜体 大写 S  
	幻灯片 30: TEEC in multi-jets  加粗斜体 alpha 下标 加粗斜体 大写 S  
	幻灯片 31: TEEC in multi-jets  加粗斜体 alpha 下标 加粗斜体 大写 S  
	幻灯片 32: Z pT  加粗斜体 alpha 下标 加粗斜体 大写 S  
	幻灯片 33: Z pT  加粗斜体 alpha 下标 加粗斜体 大写 S  
	幻灯片 34: Summary
	幻灯片 35
	幻灯片 36: Backup
	幻灯片 37: Consistency Test with Z
	幻灯片 38: More on ZpT 8 TeV ATLAS
	幻灯片 39: More on inclusive jets CMS
	幻灯片 40: More on pileup dependence of UT

