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The Standard Model & Open Questions ‘

Fermions and boson interactions and self-interactions

Quantum corrections to masses and couplings
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The Standard Model & Open Questions ‘

Fermions and boson interactions and self-interactions

%‘;} Value of coupling constants, e.g. as

» Hadron collider experiments continue to extract extraordinary results through ingenious data analyses
» Interpretation needs precise theory — progress in field of higher-order QCD and EW calculations put to use
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QCD studies and the top-quark

I CMS Experiment at the LHC, CERN
Data recorded: 2016-May-31 09:26:24.197376 GMT
Run / Event / LS:'274250 / 1058807020 / 543 \ \ \
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https://cds.cern.ch/record/2682635

Z(N)+Jets arXiv:2205.02597 (ATLAS), arXiv:2205.02872 (CMS) '

35.9 fb? (13 TeV) | 545 Data
E CcMS —— MG5_aMC + PY8 (< 2j NLO + PS)

g 4~ MG5_aMC + PY8 (< 4j LO + PS)
» High-precision measurements over wide range: up 2 1ok H GE *PY8 (NNLL,*NNLOy a, = 0.118
to 8 jets and jets beyond 1 TeV Z ——
» Critical testbed for QCD calculations: 3 —_
»> new multijet-merged MC simulations (MadGraph T e——
FxFx and Sherpa 2.2.11) agree generally well with ==
data o . Zhy*o T
» Highest precision given by NNLO fixed-order _3 —_ ar-aal
calculations, in agreement with data 10 ) -
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» Validation of background predictions and signal

simulation for current and future analyses
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https://arxiv.org/abs/2205.02597
http://arxiv.org/abs/2205.02872

Z(00)+jets

» High-precision measurements over wide range: up
to 8 jets and jets beyond 1 TeV
» Critical testbed for QCD calculations:

> new multijet-merged MC simulations (MadGraph
FxFx and Sherpa 2.2.11) agree generally well with
data

» Highest precision given by NNLO fixed-order
calculations, in agreement with data

» Validation of background predictions and signal
simulation for current and future analyses

g Z g 1

arXiv:2205.02597 (ATLAS), arXiv:2205.02872 (CMS) '
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Z(¢¢) off-peak and forward

» New CMS result off Z-peak, test modern NNLO MCs

(MiNNLOPS and Geneva)

» LHCb performs unique forward-rapidity measurement
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» Constrain PDFs and develop MCs with impact on e.g. £
W-boson mass measurement 8
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CMS

arXiv:2205.04897 (CMS) , arXiv:2112.07458 (LHCb) '

36.3 o' (13 TeV)

Geneva-qr

50 < My < 76 GeV

I76<mu<106GeV

[ Statistical
Bl @ scale
Il @ resum. unc.

106 < Mg < 170 GeV

L1
TT T T T

|
100

10°
pr(te) [GeV]

| |
10 102


http://arxiv.org/abs/2205.04897
https://arxiv.org/abs/2112.07458

Jet pl’OdUCtiOﬂ in DIS at HERA arXiv:2112.01120 (H14+-ZEUS), ZEUS-prel-22-001 '

» HERA DIS data (ep — eX) important to determine proton PDFs
» Adding ep jet data improves gluon uncertainty — HERAPDF2.0JetsNNLO
» ... and allows to measure

as(mz) =0.1138 £ 0.0014(exp)t%'%%%‘;(model)t%_%%%i(scale):

ZEUS preliminary
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Jet production in DIS at HERA

» HERA DIS data (ep — eX) important to determine proton PDFs
» Adding ep jet data improves gluon uncertainty — HERAPDF2.0JetsNNLO

» ... and allows to measure

as(mz) = 0.1138 = 0.0014(exp) "% (model) *%90%%
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arXiv:2112.01120 (H1+ZEUS), ZEUS-prel-22-001 l
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See also S. Camarda (pTvZ@N3LO-N LL) and D. Boito (7 decays)
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Impact of LHC data on PDFs

» LHC data an important source of information on PDFs

» New CMS W + c result sheds light on strange density: most
precise result to date; start to constrain s — 5§ asymmetry
through ratio W +¢/W™ + ¢

» New ATLASpdf21 with diverse ATLAS data: constrain high-x
d/ i ratio, in agreement with recent fixed-target SeaQuest
Drell-Yan data
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EPJC 82 (2022) 438 (ATLAS), CMS-PAS-SMP-21-005 '
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https://link.springer.com/article/10.1140/epjc/s10052-022-10217-z
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-005/index.html

Top—quark pair production arXiv:2207.01354 (ATLAS) , arXiv:2112.09114 (CMS) , arXiv:2205.13830 (ATLAS & CMS) '
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Differential tt arXiv:2205.02817 (ATLAS) , JHEP 06 (2022) 063 (ATLAS), CMS-PAS-TOP-20-006 , PRD 104 (2021) 092013 (CMS)

» Precise measurements using reconstruction with resolved and “merged” objects — well into the TeV range
» Compatible with SM predictions, specifically NNLO predictions (and often more precise than theory)

» Data used to constraint anomalous top-quark interactions Ct(f) and G

137 tb™ (13 TeV) 137 fb (13 TeV)
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https://arxiv.org/abs/2205.02817
https://doi.org/10.1007/JHEP06(2022)063
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-006/index.html
http://dx.doi.org/10.1103/PhysRevD.104.092013
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Differential tt arXiv:2205.02817 (ATLAS) , JHEP 06 (2022) 063 (ATLAS), CMS-PAS-TOP-20-006 , PRD 104 (2021) 092013 (CMS)

» Precise measurements using reconstruction with resolved and “merged” objects — well into the TeV range
» Compatible with SM predictions, specifically NNLO predictions (and often more precise than theory)
» Data used to constraint anomalous top-quark interactions Ct(f) and G
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Single top pl’OdUCtiOﬂ CMS-PAS-TOP-21-010  ATLAS-CONF-2022-030 '

q q
» New CMS Wt result: o = 79.2 £ 0.8(stat t;"gsyst + 1.1(lumi) pb z
» Consistent with SM prediction b i )
> Robust against procedure to remove “overlap” with tt g z "
> New ATLAS s-channel result: o = 8.2*35 pb

> using Matrix Element Method to obtain 3.30 evidence for this challenging f ;
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Precision Observables
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MNZ — wvv)

» Invisible width of Z boson constrained by LEP lineshape
measurement to 1.5 MeV, however “direct” measurement
via ISR much less precise

» New CMS result extracts '(Z — vv) from ratio
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arXiv:2206.07110 (CMS) '
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TOp quark mass CMS-PAS-TOP-20-008 '

» Full profile-likelihood fit using 5 input distributions

» All modelling variations performed inside Pohweg+Pythia8 (PDFs, QCD scales in ME, ME/PS matching,
32 decorrelated ISR/FSR PS scales, colour reconnection, underlying event tune parameters, top pr)

» Final result of myo, = 171.77 4+ 0.38 GeV (stat. error of £0.04 GeV)

» Best single measurement to date, several strongly constrained systematics
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TOp quark mass CMS-PAS-TOP-20-008 '

» Full profile-likelihood fit using 5 input distributions

» All modelling variations performed inside Pohweg+Pythia8 (PDFs, QCD scales in ME, ME/PS matching,
32 decorrelated ISR/FSR PS scales, colour reconnection, underlying event tune parameters, top pr)

» Final result of myo, = 171.77 4+ 0.38 GeV (stat. error of £0.04 GeV)

» Best single measurement to date, several strongly constrained systematics

ATLAS+CMS Preliminary Myp Summary, Vs = 7-13 TeV  June 2022
LHCtopwG
“++ World comb. (Mar 2014) [2]
CMSPreliminary 36 fb™ (13 Tev) stat ( e total stat
I +jets 5D: m, = 171.77 + 0.38 GeV | pre-fitimpacts [J8+40 [8-00 ot uncertainty i, total sat £ sys0) Rl
y LHC comb. (Sep 2013) LHctopwe 173.29 £ 0.95 (0.35 +0.88) 7Tev [1)
~=pull__| post-it impacts [§8+46 [§8-28 [JMC stat. World comb. (Mar 2014) 173.34 +0.76 (0.36 + 0.67) 1967 Tev (2]
JEC flavor botiom XS 020 ATLAS, Hjets 172.33£ 127 (0.75 £ 1.02) 77ev @)
FSR PS scale X Xg 074 014 ATLAS, dilepton 173.79 + 1.41 (054 + 1.30) 77ev [
FSR PS scale q-ag — 046 014 ATLAS, all jets 1751218 (142 12) 7TeV (4]
CR: gluon move —.— 034 011 ATLAS, single top 1722421 (07 20) 8Tev 5]
CR: QCD inspired i 035 0.09 ATLAS, dilepton 172.99 £ 0.85 (0,412 0.74) 8Tev (6]
BG Weiets 076 0.00 ATLAS, all jets 173.72£ 115 (055 £ 1.01) 8Tev 7]
Early resonance decay — 033 o ATLAS, Hjets 172,08 0.91 (039 £ 0.82) 8Tev (8]
BG QCD multijet 0.66] 0.08 ATLAS comb. (Oct 2018) 172.69 +0.48 (0.25 + 0.41) 7+8 TeV [g]
JEC abs. MPE bias e o ATLAS, leptonic invariant mass () 174.48 £ 0.78 (0.40 £ 0.67) 13Tev (9]
Underlying event —— 0.51| 0.07 CMS, l+jets 173.49 + 1.06 (0.43 £ 0.97) 7Tev [10]
ME/PS matching pu—— 0.48 0.06 CMS, dilepton 17250 + 1.52 (0.43 + 1.46) 7Tev [11]
JEC rel. sample 0.90 = 0.05 CMS, all jets 173.49 £ 1.41 (0,69 £ 1.23) 77ev 12]
bIES Bowler-Lund central o2 o CMS, I+jets 172.35 £ 051 (016 + 0.48) 8Tev (13]
esFs 063 o 008 CMS, dilepton 17282123 (019 £1.22) 8Tev 23]
bIES Peterson —— 050, o cMs, alljets 172.32 £ 064 (025 + 0.59) 8Tev [13]
wat 000 CMS, single top 172.95 £ 1.22 (0.7 £ 0.95) 8Tev [14]
JEC el FSR 007 004 CMS comb. (Sep 2015) 172.44 +0.48 (0.13 + 0.47) 748 TeV [13]
JERR |<193 e 033 00t CMS, l+jets 17225 0,63 (0.08 £ 0.62) 137ev [15]
JEC abe, scale o 1 oo CcMs, dilepton 17233 £ 0.70 (0.14 £ 0.69) 137ev [16]
3EC Havor ght e 097 oot CMS, all jets 172.34£0.73 (020 £ 0.70) 13Tev (17]
= CMS, single top 17213 0.7 (032 £ 0.70) 13Tev 18]
bJES Bowler-Lund 086 004 CMS, +jets () 171772038 137Tev 19]
FSRPS scale 900 102 | O] 004 CMS, boosted (*) 172.76 £ 0.81 (022 £ 0.78) 137ev [20]
Calibration [ 7] 003 i »
JEC pileup dataiMC 0.96 003 e -
BJES semilep. B decays 096/ = 0.03 * Preliminary e i
WSFs 0.98| | | 0.03 e o
2 -1 0 1 2 03 -02 01 0 01 02 03 I IS 1 T I AR
. (6-0,)/00 AR, [GeV] 165 170 175 180 185
Miop [GeV]
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W-boson mass

A

Key observable in the SM EW fit: predicted from other
parameters my = 80355 £ 6 MeV

Already pre-2022 best measurements from hadron
colliders:

» TeVatron pp: DO (+£23 MeV) and CDF (£19 MeV)
> LHC pp: ATLAS (+19 MeV) and LHCb (432 MeV)

Extreme demands on detector understanding

Notoriously hard to control theory modelling to
“compensate” for the unmeasured neutrino in W — fv
Ongoing LHC/TeVatron Electroweak WG effort towards
combination — understand theoretical correlations
between measurements: prime examples PDFs and
lepton angular correlations (A;)

> E.g. description of W A; in legacy Resbos codes not

ideal, motivates of O(10 MeV)
» Recent LHCb measurement of A; in Z — ¥/

CERN-LPCC-2022-06 & FERMILAB-TM-2779-V , arXiv:2203.01602 (LHCb) l

Status before 2022

Jan Kretzschmar, 12.7.2022
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W-boson mass

CERN-LPCC-2022-06 & FERMILAB-TM-2779-V , arXiv:2203.01602 (LHCb) l

Status before 2022

—— Total uncertainty
Stat. uncertainty
ALEPH ———
» Key observable in the SM EW fit: predicted from other peea N e
parameters my = 80355 + 6 MeV opaL —
> Already pre-2022 best measurements from hadron o |
colliders: ATLAS —.—
» TeVatron pp: DO (£23 MeV) and CDF (£19 MeV) LHCD 1710 N
» LHC pp: ATLAS (£19 MeV) and LHCb (£32 MeV) o Pt ||
. 80100 80150 80200 80250 80300 80350 80400 80450 80500
» Extreme demands on detector understanding m,, [MeV]
» Notoriously hard to control theory modelling to 03 . . i i
“compensate” for the unmeasured neutrino in W — v 025k A Measurement + Uncertainty ]
> Ongoing LHC/TeVatron Electroweak WG effort towards 3 X POWHEG.PYTHIA
combination — understand theoretical correlations 02f v D’(,T::b’o une 7
between measurements: prime examples PDFs and 0.15F + ResBos .
lepton angular correlations (A;) | LHCb v
> E.g. description of W A; in legacy Resbos codes not 01 Vs=13TeV,5.1 fb" M
ideal, motivates of O(10 MeV) 0.05 T x 4 X ¥
» Recent LHCb measurement of A; in Z — ¢/ 0 v ey ¥ +7 a
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CDF W-boson mass Science 376, no.6589, 170 (2022) '

F —4— Jly—uu
—4— Youu
- Zopup
-4=- combined

» Muons calibrated using high-statistics J/¢¥ — pu sample
and transferred to electrons via E/p -

» Measurement of Z-boson mass:
Mz =91192.0 + 6.4(stat) &= 4.0(syst) MeV in agreement

. 1. — —
with LEP % 0z 04
. . . <GeV/p">
» W and Z boson production and decay simulated using i
. 6
RESBOS, pr(Z) spectrum tuned to Z data and validated . %10
on W 8 r Simulation Data
; L n=6332 +5MeV 1=6334 +2MeV
» Fit to mr, peT and p7 for W — ev and W — uv s G=3563 +1MeV o= 3568 £2MeV
> r A =047 A =047
w x =-0.63 x = -0.62

0.2

%2/ dof=18/14
Pys=15%

n L L L | L L L L | L n n L
OO 5 10 15
. Uy (W-pv) (GeV)
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CDF W-boson mass Science 376, no.6589, 170 (2022) '

10°
I . yeldof=50/48
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& | ¥ } Pys=98%
© g
e | jJ W — uv
» Muons calibrated using high-statistics J/1 — pu sample % I
and transferred to electrons via E/p @7 ! l l
» Measurement of Z-boson mass: Jf H\m
Mz = 91192.0 £ 6.4(stat) £ 4.0(syst) MeV in agreement % — o e N\‘Too
Wlth LEP m; (GeV)
» W and Z boson production and decay simulated using 10° .
RESBOS, pr(Z) spectrum tuned to Z data and validated 40 2y y2/dof =83 /62
on W - Jf’; 1‘3 P.=3%
o) L i o
» Fit to mr, p% and pY for W — ev and W — uv e | 7 11‘ Pys =53 %
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CDF W-boson mass Science 376, no.6589, 170 (2022) '

80.50 [~
Experimental unc. 68% CL g
- - -~ LEP2/Tevatron UEUEIEEEE] 4

= This measurement
80.45

» Muons calibrated using high-statistics J/¢¥ — pu sample
and transferred to electrons via E/p

M, [GeV]

» Measurement of Z-boson mass:
Mz =91192.0 + 6.4(stat) = 4.0(syst) MeV in agreement
with LEP

» W and Z boson production and decay simulated using

80.35

Heinemeyer, Hollk, Weiglein, Zeune '20 |

| 1.
171 172 173 174 175 176 177 178

RESBOS, pr(Z) spectrum tuned to Z data and validated m, [GeV]
on W —— Total uncertainty '
Stat. uncertainty
» Fit to mr, p7 and p¥ for W — ev and W — v Toon | batn, ———
» Measurement of W-boson mass: BRL 108 2012) 151804 I
Mw = 80433.5 £ 6.4(stat) £ 6.9(syst) MeV RS a0ns) 1o ' B
> Factor 2 better precision than any previous result Pic3s o) 1o e
» 70 away from the SM EW fit prediction! HHE o1 2022) 036 -

Electroweak Fit (J. de Blas etal.) -
arXiv:2112.07274

80100 80200 80300 80400 80500
my, [MeV]
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Multiboson interactions

| 1

1
|| \ Event with mj = 2228 GeV; ma = 605 GeV

ATLAS

EXPERIMENT
Run: 340368
Event: 454611985
2017-11-09 04:06:14 CEST
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Zvy+jets ATLAS-CONF-2022-047 '

B ATLAS Preiminary ol o % sherpazza
o z Z(- Ny 5= Sherpa 2.2.11 Madgraph
Ew 267 MINNLO, MATRIX NNLO
» New: ATLAS Z(€f)v + jets selection enriched in
ISR photon production 5 e o T B 3
. .. . .. s \5=13 TeV, 139 fbo™* z 7]
» High statistics, high-precision channel to study g P2y Sovemazzn || v
additional QCD radiation in multiboson © 2 MINNLO, waTRIXNNLO
environment: 4-10% uncertainties E
» Compared to state-of-the art (N)LO =
multijet-merged and NNLO predictions from »
Sherpa, MadGraph+Pythia, Powheg MiNNLOPS, Hs
MATRIX: good description of data in wide range &
i 10
Y

k 20 30 4050 10% 2x10°
G
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-047

WZ(/Z/FF) polarisation ATLAS-CONF-2022-053, arXiv:2110.11231 (CMS) '

o I B —
© 3500~ ATLAS Preliminary « Data Tot. unc. WiZ;
P W'Z SR Post-Fit W2, [IW,Z Wz,
S %000 {5-13TeV, 139 b Others [ Misid. leptons I T+V
2
w

W2z EWZin:

[

E lcoso'nl <05 lcos@'ul>05

1005 64| <05 |60 8| >05

e

BlUE e o pimes MHH?E
. .. .. s bbih TSRS W% NN
Inclusive QCD WVjj EW VVjj (VBS) BBV ot
4-category DNN score
» Electroweak VVjj production can proceed in transverse e ATLAS Preliminary
. . . . = 02 E 1s=13TeV, 139 fb™
(T) or longitudinal (0) polarisation states i3 e . oua
. . . . . . 4 NLOQCD
» Longitudinal (00) component intertwined with Higgs o ) H v Pouhe:pytia
H H . . E T E = 68 % Confidence Level
mechanism & probes VBS unitarization: long term goal of i 959% Confdence Level
for the HL-LHC g D3 Wiz evens
P currently measurements focus on polarisation or VBS O(: T
» New: first measurement of joint polarisation states in oasf E
inclusive WZ production by ATLAS using DNN T S I
. . . E E + 4
reconstruction techniques — observation of - i ]
double-longitudinal component with > 7o ossf E i
06 s EX E
0ssf + + E
k [ D:)Z D:)A D:)S 0.:)8 0‘.1 0‘05 ﬂ‘] 0‘15 0‘2 0.25 0.1 0;5 0‘2 0;5 D‘E
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-053
https://arxiv.org/abs/2110.11231

VBS W(ﬁl/)’}/ CMS—PAS—SMP—ZI—OH‘

138 b (13 TeV)

é w00 CcMS T .vsswvmmum\ .vu\wvnmhnucm .mwzv
» Growing list of observed electroweak VVjj production 5 p preimnary [Heow e
> New: CMS observation of VBS W-jj with > 60
» Selection of W(£v) balanced by a high-mass mj; dijet system o

with large rapidity gap, complex background

» Good agreement with SM: differential cross sections, limits on
anomalous quartic couplings

May 2022 CMS Preliminary
CMS EW measurements vs. 7 TeV CMS measurement (stat,stat+sys) ot
Theory 8 TeV CMS measurement (stat,stat+sys) [

13 TeV CMS measurement (stat,stat+sys) et T e e o T ey o e e
qqw el 0.84£0.08+0.18 19.3fb? M (ee
qqW i 0.91+£0.02+0.09 359fbh? 1
qaZ ——omt— 0.93+0.14+0.32 50fb? - 138 fb* (13 TeV)
qaZ et 0.84+0.07£0.19 19.7 fb* 2 1L CMS B [oow P
qqzZ o 0.98 £0.04+0.10 35.9fb* 2
WV .- 0.85+0.12+0.18 138 fb? § Preliminary IDnuh\pMm\D MisID photon MisiD lepton
Yy - WW b 174+0.00+0.74 19.7fb" w o Rt
qqWy = 1.77+0.67 £0.56 19.7 fb* o
qaWy e 0.88+0.11+0.15 138 fb! 10
0s WW e 1.12+£0.15+0.17 138 fb*!

SSWW n——eF— 0.69+0.38+0.18 19.4fbh?
ss WW et 1.20 £0.11+0.08 137 fb*
qqzy —_— e 1.48 £0.65+0.48 19.7 fb!
qazy e 120+0.12+0.13 137 bt
qqwz . 1.46 £0.31+0.11 137 fb*!
qqzz . 1.19+0.38+0.13 137 fb!
o T 7 T B 5
. All resuls at: Production Cross Section Ratio: Gy, / 0y,
[150,400] [400,600] [600,800] [800,2000] [1000,1500]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-011/index.html

VBS Z(vv)y and W W~ ({viv)

STDM-2018-59 (ATLAS) arXiv:2109.00925 (ATLAS), arXiv:2205.05711 (CMS) '

» Many VBS analyses use MVA techniques: input variables on the dijet system, the central system as well as

their correlations; background general challenge

> New: ATLAS study of VBS Z(vv)vjj with p7 > 150 GeV, good agreement with SM, aQGC limits derived;

combined with prior lower pJ study: 6.30 observation
» New: CMS observation of opposite-charge VBS W W™ at 5.60

-1
N e R N S B B B CMS 138 fb~ (13 TeV)
é ATLAS Preliminarye- Data Z(WW)yjj EWK 3 1] F ‘+‘D‘ . T ‘H' i ,\\‘ T ‘t LA
i} {s=13Tev, 139 o [Z(vo)yji QCD [ W(iv)yjj QCD E % 10° = ae% iggs onpr.omP
Background only fit  W()yjj EWK [l W(eD)jj, tj, i | ql E Muldboson [ DY QCD-induced WW
Signal region 1 tivij Wvii 10t L tW and tt = VVBS

Post-Fit Wz W (i
77 Uncertainty -~ Pre-Fit Bkgd.

Z,<1

HH!T**HHHH‘ JRRTTTT RRTTY ETTIT A

[l H

Data / Pred.

I,

Data/MC

“-1 0.30 053 0.71 0.81 0.86 0.90 0.93 0.95 1 0 0.2
k BDT classifier response
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-59
https://arxiv.org/abs/2109.00925
http://arxiv.org/abs/2205.05711

Exclusive Production

ATLAS

EXPERIMENT

Run: 366268
Event: 3305670439
2018-11-18 16:09:33 CEST

*

B\ PbPb — Pb(yy = 77)Pb
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https://arxiv.org/abs/2204.13478

Exclusive PbPb — Pb(yy — 77)Pb

» Photon-induced di-tau production sensitive to anomalous magnetic
moment a;:
8¢ — 2 (07
a==""——=—+...~0.0012
2 27
» New results by ATLAS + CMS using LHC HI collisions observe clearly
exclusive 77 production; 7s reconstructed with low pr muon, hadronic
1/3-prongs or electrons
» Current limits on a, similar to prior LEP results, statistically limited
T J I T £ 3507 T T |
: = F ATLAS ]
OPAL 1998 ' % 300E Ebd»l’—;b @:s.oz Tev 3
‘e o g ombined fit 3
L3 1998 i® Y 50 IT-SR E
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DELPHI 2004 : ATLAS 20001 ! 3
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ne-SR : ! a0 ]
: s .0 +
Combined — ——pmm—n ——— L v ——
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arXivi2206.05192 (CMS) , arXiv:2204.13478 (ATLAS) '
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Exclusive production in PP CMS-PAS-TOP-21-007 , CMS-PAS-SMP-21-014 , PRL 125 (2020) 261801 (ATLAS) '

T T

ATLAS
{5=13TeV, 14.6 fb”
AFP matched candidates

» Both CMS and ATLAS have Run 2 data with forward proton
spectrometers (CT-PPS / AFP): unique way of detecting exclusive
production with intact forward protons

-ee OFar station only
eotn sides
1

> ATLAS: first measurement of tagged of vy — ¢

» New: CMS search for vy — p(WW)p and vy — p(ZZ)p with hadronic,
boosted V' — J — no signal (as expected), sensitivity for anomalous
effects at high mass

» New: CMS search for exclusive p(tt)p: o < 0.59 pb

CMS central detector Roman Pots
LHC sector 56 Ty L s

T T T T
CMSTOTEM prefimnary ' 4 ata
lepton chanel I ttoar
postit

Events / bin
g
S

— 11> ff (norm. t0 =25 pb)

203.827.m

. beam 2
1238 15 078 m
1571m

sector 45

(not to scale)

. |Uncertainty
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-014/index.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801

Conclusions

~ , 10

x
< 9
8
7
6
5
» Experiments continue to extract extraordinary results, 4
especially from the rich LHC Run 2 data 3
P> Precise, differential measurements over wide kinematic “:
ranges 0

> Exciting new result on the top-quark mass and W-boson
mass — call to experimental collaborations for more work
» Multiboson studies with many “fundamental firsts”
> Exclusive reactions
P Interpretation often limited by theory — push towards
higher-order predictions and use of data constraints

» LHC Run 3 data will give further opportunities

New CMS m,, TOP-20-008
SM fit wio'M,, and M, measurements

-8~ LHC+LEP Average

- CDF II
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w June 26, 2022

In 2012, DO published a measurement of the W boson mass
using 5.3 fb~! of Tevatron data (Phys. Rev. Lett. 108, 151804
(2012)), with a subsequent longer description (Phys. Rev. D 89,
012005 (2014)). This measurement, my, = 80,375 £23 MeV,
remains the official DO result.

A study of the remaining approximately 5 fb~! of data taken
between 2009 and 2011 showed that the deterioration of the
detector due to radiation damage effects, combined with the
higher pileup owing to the increased instantaneous luminosity,
precludes a further precision measurement of the W boson

k mass.
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W-boson mass CERN-LPCC-2022-06 & FERMILAB-TM-2779-V '

Correction 6m8VCD [MeV]
p¥v -constrained No constraint
P mr Py Ph mr Py

Invariant mass < 0.1 < 0.1 < 0.1 <0.1 < 0.1 < 0.1
Rapidity <0.1 < 0.1 < 0.1 <0.1 < 0.1 < 0.1
Ag 7.6 10.0 15.8 16.0 12.6 19.5
A 2.4 -1.9 -1.8 -1.2 -1.6 -1.4
As -3.0 -2.6 2.9 -4.2 -3.0 23
Az 29 1.6 -0.5 3.5 1.8 -0.2
Ay 24 -0.1 -0.5 0.1 -0.7 -1.0
Ag— Ag 7.6 7.0 16.0 14.1 9.1 18.9
Total 7.6 7.0 16.0 14.1 9.1 18.9
ResBos2 7.3+1.1 84+1.0 16.6x1.2 13.9+1.1 10.3+£1.0 19.8+1.2
Non-closure -0.3+1.1 1.4+1.0 0.6x1.2 -02+1.1  12+1.0 09«12

Table 5: Effect of reweighting the angular coefficients in the DO ReEsBos1 events to those of REsBos2, as well as a
direct fit of ResBos! to ResBos2. Good closure is observed.
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W-boson mass

ATL-PHYS-PUB-2018-026 l
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ATLAS Measurement of myy [EPJC 78 (2018) 110, ATL-PHYS-PUB-2018-004] '

S x103‘ ‘ ‘ ‘ % S B M ety
s ATLAS 3 - Data g 10 ATLAS ]
o Vs=7TeV,41fb mW - v - Vs=7TeV,4.1-4.6 fo"
o [C]Background 8 WLy B
— x2/dof = 20/39 a ]
% Pythia 8 AZ 1
L|>J 1'04f —=— Powheg MiNLO + Pythia8 |
1.02 DYRes (u‘gCD, uéCD corr.) R
, ]
3 11'.%2{5 P ¥
< oo b ey R +. F ‘ ! ‘ ! w
© L L L L L L
= O 5 s %6 a0 42 4 46 45 %o 0% 20 10 0 10 20 30
p. [GeV] y [GeV]

Stat. Muon Elec. Recoil Bckg. |QCD | EW |PDF | Total
Unc. Unc. Unec. Unc. Unc. | Unc. | Unc. |Unc. | Unc.

wt| 8.9 6.6 8.2 3.1 5.5 8.4 54 | 146 | 234
W= 9.7 7.2 7.8 3.3 6.6 8.3 5.3 | 13.6 | 234

W] 6.8 6.6 6.4 29 45 | 83| 55 [ 92| 185

A

[MeV]

Jan Kretzschmar, 12.7.2022 30



W low-pt 1 spectrum [ATL-PHYS-PUB-2017-021] '

o(u_)GeVv

0 e o e
I ATLAS Simulation Preliminary b
F (s=13TevZ-
» 25 HH 000
- 0O N
L 00O i
201 Pt 3
L e 4
. 00 :
15— 4}{%{% -
L . N
C o ]
10—~ o 4
.o i
[ _e* ]
5 1** —=©— High-p Calorimeter settings B
C —e— Low-ji Calorimeter settings ]
I P PR PR PR P I
0 10 15 20 25 30

Jan Kretzschmar, 12.7.2022 31



Strange History ‘

2 T T T TTT T T TTTT 2 T \\HH T T TTTT
k=) _ 2 ke] _ \
@ Q’= 19Gev ATLAS [ Q*= 19GeV’ ATLAS
epWZ free 3 NNLO epWZ free 3 NNLO
[ MSTWO08 NNLO NNPDF2.1 NNLO
1.5 FEZ2 ABKMO09 NNLO - CT10 NLO
1 5 1
0.5 . 0.5
0 | L 0 W . L
107 10 1)(()'1 103 10° 1)(()'1

Jan Kretzschmar, 12.7.2022



Strange History ‘

CMS HERA DIS + CMS A, + CMS W+c
(] T T T T L R T mm 167
= . ATLAS Y MsHT20 ] - I CMS, this analysis
L 4 r 2 —-m2
ol qe-19Geve  [/NNPDF31 ’ 1.4 1 CT18NLO M2 = mg,
i £ ABMP16 - - [ ] MSHT20NLO
r ATLASPpdf21, full uncertainties : r
. 1.2
; L
B

0 1 1 1 1 11 III
1073 1072 107" X 107 1072 107

Jan Kretzschmar, 12.7.2022 32



