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Motivation

* Improvements in the precision of
the SM parameters are
important to reduce
uncertainties in various
calculations done in HEP.

ATLAS

EXPERIMENT

* They probe the consistency of
the SM, differences amongst
measurements could indicate
possible sources of new physics.

 Precision measurements provide
strong constraints to PDFs.
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artas W boson mass and width ariv:2403.15085 (B University
EXPERIMENT =y of Victoria
« The /s =7 TeV (2011) dataset is used again q
« Improved determination of the W boson mass
« First measurement of the W boson width g
« W - evand W - uv candidate events are used
« MC samples generated at NNLO § O ATLAS Smuaion |l
« Simulation of W and Z boson production and S el VBRI e
decay (e, u and t channels) 5 oo

« Background samples of ¢, tt, WW, WZ, and ZZ o0
Multijet background estimation is data-driven

°
Var. / Norm.

Kinematic distributions studied:
- Charged lepton transverse momentum p% B

charge, flavor and n

my [GeV]
« W boson transverse mass my o O pf
. . ' ) 5 ATLAS Simulation l:;m'i‘ewev ]
» Classified into 28 different categories based on & (=7 TeV, pp—> W'+X v 3

Corrections and uncertainties
« Lepton energy calibration from Z — ¢¢
 Electroweak uncertainties using PHOTOS
* QCD uncertainties using PYTHIA e |
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ATLAS

EXPERIMENT

 Previous analysis:
« my, determined by y? fit
* Iy fixed to the SM prediction
« CT10nnlo PDF set

» Present analysis:

 simultaneous optimization of
my, (I'y) and nuisance
parameters through a global
profile likelihood fit (PLH).

« For determination of my,, I,
treated as source of
systematic uncertainty.
Opposite is used for
determination of Iy,.

« CT10nnlo PDF for comparison
with previous result

« CT18 PDF set chosen as
baseline for new result

« Comparison shows compatibility
between old and new results

12/July/2024

W boson mass and width

arXiv:2403.15085 University
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ATLAS L - ATLAS | -
Vs=7TeV, 4.6/4.1b | e-/u-channel, single- and multi-p; -fits Vs=7TeV, 4.6/4.1f", e-/u-channel, single- and multi-m -fits
== PLH, total unc. === 2, total unc. === PLH, total unc. === ?, total unc.
U, <0.8, g=—1 [l 804317 80427'% i, /<0.8, g=—1 —h 80370%5 B0376%
i, <0.8, g=+1 ',—_—'_.. 80309°% 803263 i, /<0.8, g=+1 ::_t- 803704 80368%%
i, 0.8<n|<1.4, g=—1 = 80378'J! 80398} i, 0.8<m<1.4, g=—1 T, 804067 80418°3
u, 0.8<n|<1.4, g=+1 —kn 803417 80357% u, 0.8<n<1.4, g=+1 :,_-— 80363%; 80352%%
i, 1.4<<2.0, g=—1 _:““:' 80394%!5 80378%3; u, 1.4<m|<2.0, q=—1 '—"—__:_ 803635 80377'%
u, 1.4<n|<2.0, g=+1 T —'80463%{; 8044775 u, 1.4<in|<2.0, g=+1 '“""-"._.___.'.—_'. 80416% 80425%;
i, 2.0<m|<2.4, g=—1 ,:__,"—' 8033417 80313*130 i, 2.0<n|<2.4, g=—1 - 8032032 8033012
U, 2.0<n|<2.4, g=+1 .':ff_ 80312'12) 80332+2! u, 2.0<m|<2.4, g=+1 ',—_—‘-'__.__, 80293125 80329"]28
e, n|<0.6, g=—1 '—‘_::, 80353"%; 80360%% e, m|<0.6, g=—1 .E'_—_._'80452T§22 804303
e, n|<0.6, g=+1 '.—_:_. 80300"%; 80336%% e, m|<0.6, g=+1 ,':—'_-_. 80357'%) 803665
e, 0.6<nl<1.2, g=—1 re— 803067 80323°% e, 0.6<m/<1.2, g=—1 '.::_.—' 80320°% 80321%%
e, 0.6<p<1.2, g=+1 e 803757 80359%% e, 0.6<ml<1.2, g=+1 =T 0398’2 B0403°%
e, 1.8<|<2.4, g=—1 T, 80407 BOMT7'E e, 1.8<ln<2.4, g=—1 ——— 80410'% 80443'E
e, 1.8<n|<2.4, g=+1 2 803317 803455 e, 1.8<Mn|<2.4, g=+1 : 80361°% 80362'%
Corbinaton | ......... 'j“-—- | .......... 80357;8'0373:3 Combination |,'-:-“"-;- ..... 80388;‘?8'0385;2
80200 80400 80600 80200 80400 80600
m,, [MeV] m,, [MeV]
p.‘; fit mr fit
PDF set mwy Tt OPDF ,\gz."n.d.f. myy Tt OPDF )(zfn.d.f.
CTi4 80358.3 j‘]‘g"z 4.6  543.3/558 | 80401.3 fzz‘j;z 11.6  557.4/558
CTI18 80362.0 j‘l%?z 49  529.7/558 | 80394.9 tzzj?s 11.7  549.2/558
CTI8A 80353.2 ’:‘]-}% 4.8 525.3/558 | 80384.8 ’122}5;{ 10.9 548.4/558
MMHT2014 | 80361.6 ’j‘]fgi‘(‘) 45 539.8/558 | 80399.1 ’jj;:; 10,0 561.5/558
MSHT20 80359.0 *0i% 43 550.2/558 | 80391.4 *7i6 10.0 557.3/558
ATLASpdf21 | 80362.1 *\%0 42  526.9/558 | 80405.5 *3%2 132 544.9/558
NNPDF3.1 | 80347.5 *32 48 523.1/558 | 80368.9 *31 9.7  556.6/558
NNPDF4.0 | 80343.7 *\30 42 539.2/558 | 80363.1 *3,4 7.7 558.8/558
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ATLAS

W boson mass and width

arXiv:2403.15085

EXPERIMENT Y p{’ m
P : ey —
T T LA B e e - ATLAS ATLAS
:ﬂTLAS L X ATLAS V5=7 TeV, 4.6/4.1fc™, e-/u-channel, single- and multi-fits V5=7TeV, 4.6/4.11b7 e-ju-channel, single- and multi-fits
5=7TeV, 4.8/4.11b, e-/u-channel, single- and multi-fits Vs=7TeV, 4.6/4.11b™", e-/zi-channel, single- and multi-fits .
—— g%, total une. My unc. —— my, total unc. My unc. . T el une. fu e T ol une. T e
) . -— H +102 . _' +121
<08, ot o 804344 <05, et — 603645 12, <0.8, g=—1 — 2133 i 1, |<0.8, g=—1 —+ 2110 &
2, 1I<0.8, g+ 1 R 8030242 1 11/<0.8, qet1 __._ 80376 ' i, n<0.8, g=+1 -—-a—-E 2216 :g;; 1, m|<0.8, g=+1 ——— 2220 Yijp
- v - : +104 +145.
1, 0.8<hi<1.4, =1 ;7 80370 % | 1, 0.8<inj<1.4, g1 5 804083 #, 08<hl<t 4 g1 —— | 2002 e p, 0.8<hi<t 4, g=—1 2255 i3
: . : 496 o
11, 0.8<fn|<1.4, g=+1 _ 8084250 | 4, 0.8<pj<1.4, g=+1 —Z 80373°% #, 0.8<hl<1.4, g=+1 e 2215 S| p, 0.8<inl<1.4, q=+1 2199 8
1 . +115 +
1, 1.4<hi<2.0, g=1 —_ 80376755 | 41, 1.4<nj<2.0, g=—1 J— 8034275 #14<hl<20,9=—1)  —— 2111 Cieo) p, 14<i|<2.0, g=—1 2111 5%
2 i 497 o
1, 1.4<h|<2.0, g=+1 —— 80478%2 | 4, 1.4<i<2.0, g=+1 4 439 #, 1.4<l<2.0, g=+1 — 2188 G| . 1.4<h|<2.0, q=+1 2038 4%
u, 2.0<p<2.4, g=—1| — 8032813 u, 2.0<j<2.4, = 1| ——— 8031913 #, 2.0<i<2.4, g=—1 2607 3| u, 2.0<m<2.4, g=1 2469 ‘30
1, 2.0<n|<2.4, g=+1 —— . 808603 4 2.0<m<24, q=tl|  —m— i 80346128 1, 2.0<hn<2.4, g=+1 e 2337 43| 1, 2.0<<2.4, g=+1 2068 22
e, In|<0.6, g=—1 —i 80342118 e, Inl<0.6, g=—1 . 80463'Y e, nl<0.6, g=—1 —— 2115 7 e, nl<0.6, g=—1 2305 ‘132
&, In[<0.6, g=+1 J— 8029144 e, Inl<0.6, q=+1 — 80362 °5 e, Inl<0.6, g=+1 —t— 2229 4 e, l<0.6, g=+1 2208 *18
e, 0.6<hl<1.2, g=—1 —_— 803107 | e, 0.6<M/<1.2, =1 R 80312°% e, 0.6<|<1.2, g=—1 —— 2128 iE| e, 0.6<hl<1.2, g=—1 1951 i
e, 0.6<hl<1.2, g=+1 —_— 803792 | e, 0.6<n|<1.2, g=+1 80407 % e, 0.6<pn|<1.2, g=+1 — 2188 | o, 0.6<ml<1.2, g=+1 : 2245 1%
e, 1.8<M|<2.4, g=—1 : 8037873 | e, 1.8<in|<2.4, g=1 8040173 e, 1.8<l<2.4, g=—1 ; 2285 I e, 1.8<n<2.4, g=—1 _— 2202 3
e, 1.8<Ml<2.4, g=+1 80351°% | ¢, 1.8<ml<2.4, g=+1 1 e, 1.8<|<2.4, g=+1 o 2420 8 o 1.8<n<2.4, g=+1 3
Combination ,, 8o03e21g Combination| | ‘ 80385 75 Combination| | =+~ = 2220 % Combination| | = L C220p
80200 80400 80600 80200 80400 80600 2000 2500 3000 2000 2500 3000
m,, [MeV] m,, [MeV] 'y, [MeV] 'y, [MeV]
Overview of m,, measurements .
‘ . | « Use of updated PDF set (CT18) . Ovenviow f Iy measurements
I LEP Combination | ATLAS - e = . . : E ATLAS JE——
m,, = laV ' Eur 6} 309
N _ -1 o= 2404 £ 173 MeV
(5=7TeV, 461 improves uncertainty in my, &= 7TV 45!
measu rement ‘: 2006) 309 - L |-
. . - [ ] -
ODF (un2) - « I, measured for first time |
at ATLAS o —
H B = @& =
i « Newresults:  Boeew b L
Ay @ Measurement ok ® mm "y e h
o am ° — w=2 ® Measurement
S T my = 80366.5 + 159 MeV § o
o . . ‘o m
ATLAS 2024 Wotal Unc. [k —
5867 16 mov 10 SM Prediction I b FW = 2202 i 47 Mev R S
. b I .SM Prediction —
———————————————————————— . . i
80200 80300 80400 ey Results are consistent with 1500 2000 2500
m e .
w
most previous results Iy [MeV]
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ATLAS

EXPERIMENT

15 top quark measurements
made by ATLAS and CMS are
combined

 tt events are used
e tt » £Tvbf Vb
 tt - £Yvbqqgb
« tt - qgbqgb
« CMS also used single t events
e t > £tvb
e t > ¢ Vb
« Correlation between

measurements of the different
experiments is considered

« Combination of all 15 input
measurements is:

my = 172.52 + 0.33 GeV
 This is the most precise result
to date

12/July/2024

University

Top quark mass (ATLAS/CMS combination) @ ofvictori

arXiv:2402.08713

ATLAS+CMS

............ ATLAS+CMS combined
stat uncertaint
total uncertainty

Vs=7,8TeV

total

—_—
stat

m, £ total (t stat + syst) [GeV]

ATLAS :
dilepton 7 TeV e 173.79+ 1.42 (£ 0.54 + 1.31)
lepton+jets 7 TeV e 172.33+ 1.28 (+0.75+1.04)
all-jets 7 TeV P —— 175.06+ 1.82 (+ 1.35+ 1.21)
dilepton 8 TeV H-=—H 172.99+ 0.84 (£ 0.41+ 0.74)
lepton+jets 8 TeV = 172.08+0.91 {0.39+ 0.82)
all-jets 8 TeV ——= 173.72+1.15 (+ 0.55+ 1.02)
combined HeH 172.71+ 0.48 (+ 0.25+ 0.41)

CMS
dilepton 7 TeV — 172,50 + 1.58 (£ 0.43+ 1.52)
lepton+jets 7 TeV E—-!—o—f—l 173.49+1.06 (+ 0.43+0.97)
all-jets 7 TeV =t 173.49+ 1.41 (0.69+1.23)
dilepton 8 TeV —eir 172.22+0.95 (& 0.18+ 0.94)
lepton+jets 8 TeV H-H 172.35+ 0.48 (+ 0.16+ 0.45)
all-jets 8 TeV o3 172.32+0.62 (+ 0.25+ 0.57)
single top 8 TeV HE— 172.95+ 1.20 (+ 0.77 + 0.93)
Jhy 8 TeV i 173.50+ 3.14 (+ 3.00+ 0.94)
secondary vertex 8 TeV et 173.68+1.12 (+0.20+ 1.11)
combined HH 17252+ 0.42 (+ 0.14+ 0.39)

ATLAS+CMS LHCfopWG
dilepton H=H 172.30+ 0.59 (£ 0.29+ 0.51)
lepton+jets HeH 172.45+0.36 (+0.17 £ 0.32)
all-jets = 172.60 + 0.45 (+ 0.26 + 0.36)
other H | 173.53+0.77 (& 0.43+ 0.64)
combined HAH 172,52+ 0.33 (+ 0.14 % 0.30)
] ] ] ] ] ] | ] L8 | | ] | ] | | ] |

165 170 175 180 185
m; [GeV]
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ATLAS

EXPERIMENT

« ATLAS data from 2015-2016 at+/s = 13 TeV is

12/July/2024

used

« Z - invisible and Z —» ¢¢ candidate
events

Event selection

* Primary vertex
2 track with p; > 500 MeV

Phase space
« Atleast 1 jet, with leading jet p;y = 110

GeV and |n| < 2.4

« pry > 130 GeV
Control regions

* W(> ev) +jets (prz = pre + EF™)

* W w) +jets (prz =pru + EJHss)
Signal regions

« Z->vv+jets (prz = Emissy

* Z - ee +jets (prz = Pre1 + Prez + EF)

* Z->pu+jets (prz =D0rur +0ruz t+ EFHsS)

/Z boson invisible width

¥ Unjversity

arXiv:2312.02789 j%g of Victoria

s 1g7rnm—v+7rr-———T—
@ ATLAS ® Data
© 10° V5=13 TeV, 37 b |=| meuv))ﬂetts
H —TV )+)els
g 103 W(—pv)+jets CR — \{V(aev)-v—jjets
o) tt/single-top
o 102 B Mis. id. leptons
I Di-Ariboson
10 I Others
</ Syst. @ stal. uncertainty
1 Signal theo. uncertainty
107" -
1072
73
o 1.
o] . ;
W e
g 500 1000 1500 2000 2500
P, [GeV]
s 1grmrm——r—m——r—r——————
o ATLAS e Data
9 10* § Vs=13 TeV, 37 fb” T W(—ev)+jets
= : Il W(—1v)+ets
g 1 03 Wiev)+jets CR [ ] W(—>pv):jets
() 5 tUsingle-top
Ll>j 10 I Mis. id. leptons
[ Di-ftriboson
10 I Others
7 Syst. @ stat. uncertainty
1 Signal theo. uncertainty
107~ .
1072
103
1.2

s I

500 1000 1500 2000 2500
[GeV]

Data/Pred.
o
[0 0]

pT,Z
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ATLAS

EXPERIMENT

- Signal regions

e / > vy +JetS (pT,Z = E’}’niSS)
*Z>eetjets (prz =Pre1 + Prez + EJrss)
* Z - putjets (prz = prus + Pruz + EF°)

* I'(Z - inv) measured using ratio of
Z(— inv)tjets to Z(— £f)+jets:
['(Z - inv) = R™S5 .T'(Z - ¢¢)

/Z boson invisible width

. Rmiss (Prz) = (da(Z+ jets)xBR(Z—inv) /da(Z+ jets)xBR(Z—»M))

dpr 7z

>105 e Pt Y[
° ATLAS e Daa
(:? 10* Vs=13 TeV, 37 fb” ] Z(svv)jets
[%} Z(—inv)+jets I WV(—v)+jets
T 10° B W(ouv)<jets
(5} W (—ev)+jets
> tUsingle-top
w 102 B QCD multijet
B Non-collision
10 N Di-triboson
I Others
/7 Syst.® stat. uncertainty
1 Signal theo. uncertainty
s
107"
102

W I

Data/Pred.
o
o]

500

1000 1500 2000 2500

Py, [GeV]

12/July/2024

dpr z

> 104 i — T T T T T T
8 3 ATLAS ¢ Data
= 10 Vs=13 TeV, 37 fb"! T Z(—ee)+iets
n Z(—ee)+jets Bl W (—Iv)+jets
c 102 ti/singl
gle-top

q>J B Mis. id. leptons
w 10 [ Di-ftriboson

I Others

—_

7/~ Syst. @ stal. uncertainty
Signal theo. uncertainty

_.
<

*

fal 500 1000 1500 2000 . [;5;\]/(])

Juan Cristébal Rivera - UVic
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w J of Victoria

> 1 04 T T T T T
) ATLAS ¢ Data
S 10° V5=13 TeV, 37 fo" [ Z(oun)+jets
@ Z(—up)+jets B \WV(—lv)+jets
T 1 02 fi/single-top
g I Mis. id. leptons
w 10 [ Di-ftribosan
I Others

7/~ Syst. @ stat. uncertainty-
Signal theo. uncertainty

1077
1072
1078
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ATLAS

/Z boson invisible width

arXiv:2312.02789

2 5% University

EXPERIMENT of Victoria
g 12 : : - ,
2o L i ) - miss 1
Lo e e e * Value of R™** is determined by
10~ P panii - ¥< minimization
| - MG5_aMC+PY8 FxFx —
— y — . . .
8l - « Width obtained:
C 2 - .
N 4 / - * ['(Z - inv) =506 + 13 MeV
_ //% » Consistent with SM prediction
< .
@ 12E
%: 0. 81 WM ///v///y///w////)//////y///////////% ///////////// IA .[’. L'A 'S — — T
©
O 200 500 1000 ; 2?22\"] Vs=13TeV, 37 fb" —e— Total @ Syst. | SM
T LEP Lineshape u 499.0 + 1.5 MeV
g 12 : e S B SRR e LRt
'%:i ~ ATLAS . +  Data corrected with Sherpa 2.2.11 ] L3 p——— 498 + 17 MeV
[ Vs=13TeV,371b A Data corrected with MG5_aMC+PY8 FxFx _|
10— s Syst. @ stat. uncertainty —]
B Sherpa 2.2.11 ] OPAL === 539 + 31 MeV
| - MG5_aMC+PY8 FxFx —
8 // 2 ALEPH ——— 450 + 48 MeV
;/ . V7 / / ----------------------------------------------------------------------------
655 AL L0500, ’/4,// 4% LEP Combination, Photon-tagged ~ +——»— 503 + 16 MeV
L % 1
4l _ CMS —e—ri 523 + 16 MeV
°
@ 12E
- 1 %/’/ e el //*/////M/}V/%// %/ ATLAS I-I—l 506 + 13 MeV
% 0'8 %// / 3 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1
ot 200 500 1000 2000 350 400 450 500 550 600
p;, [GeV] ['(Z—inv) [MeV]
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3 15' rrrrTTrT rrrTTTrTTT T rrrTrrTTa IE
« ATLAS data from 2012 at+/s =8 TeV is 8 09 LT 20zt 3
used (20.2 fb") et —eor
 Measurement of double-differential Z § 08 3
boson cross section in (pg, |y]) is done 8 9 3
« First measurement at LHC performed in 03 :
full lepton phase space oE E
 No theoretical extrapolation of fiducial Qg N S
lepton cuts to full phase space vl
* Negligible theory uncertainties 3 O;'AT‘L;QS' T T
» Opens door to rich field of precise S gg TTeV.20200 —mg,
interpretations X 07 o —
- 3 orthogonal channels analyzed g :
« Two central (|n]| < 2.4) electrons (eecc) £ o4
« Two central muons (upcc) gg
« One central and one forward 01
(2.5 < |n| < 4.9) electron (eecr) % ~"7f00 200 300 400 500 600

p, [GeV]
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S% niversity

YATLAS 7 boson double- dlfferentlal g X2

j of Victoria
o _ i;ﬁg;gz jf%fﬁfJ?&,ffs& g <:,: A BN
 Lepton pairs invariant mass 3 R e =ihie
required to be at the Z boson o -
pole: 80 < m,y, < 100 GeV ] = s
« Events binned into fine p; and 3 § , I ——
coarse |y| bins e
« Measurement relies on EEE_ ;’;;jf;ggf;g’;fggg i@”p?Esz E ;;;1;‘2;; ijggjff;bwﬁ“M =il -
decomposition of lepton — S
angular variables into spherical : ya
harmonics: ) , T : ;
do 3 dgUtL S R N 17 S
-1 -08-06-04-02 0 02 04 06 08 1 0 1 2 3 4 5 6
dpr dy dm dcos @ dqb 16w dpy dy dm ZA Pi(6, ) cost 0
Soomo 40 o, G 1 ST e, S ]
° Templates Of Pl (0’ ¢) %322223:80 <m, 1OOGeV‘1.E<IyI<3.6 E;@HEIW E g20000;_80<rn”<1UOGeV‘1.E<|YH|<3.B E'S@GEIW =
polynomials are constructed, |
and PLH method is used to fit g
angular coefficients 4; and g 15t e
. . U+ E 1N = _,w
unp0|ar|ZEd Cross SeCtlon o O Oy r G603 ¢ 02 04 06 08 1 '0 i 2 3 4 5 6

cosh ]
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University
? of Victoria

YATLAS Z boson double-differential g xassos

 Values of Z boson cross section as function of (ps, |y|) are obtained

;‘ I I I L | | 1 L I . |9| |<|0|4: ix 100) I |
8 10° ATLAS W 04<]|y<08(x107
o) A 08<lyl<1.2(x10?
Q 10 ® 0 04, VY 12<ly|<16(x109
o 1 — &’ lll\ O 16<|y|<2.0(x10%
o —1 0 2.0<]|y| <24 (x107)
g : 0 ) A +—k**h'e' A 24<|y|<28(x10%)
B —V— | 8< < 3. 7
. DRy L SIS
. ©o0pg A =
6 _A__&ﬂi%ee v . E
19 RS Eee—e A E
1077 9900 = E
-8 m“ =1 A 4
10 (Y .
1079 < A
pp > Z <
100 Vs=8TeV,20.2fb" -
10—11 | | | 1 1 111 | | | | I I I | | | 1 | 1 1 111 | | |
1 10 102 10°
p_ [GeV]
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CATLAS

EXPERIMENT

/ bOSOn double_differentia| g 2230009318

% University
W<t/ of Victoria

« Results are consistent with predictions at N3LO QCD + NLO EW

« Total cross section times BR of Z — ¢¢ for Z/y* production in the Z boson pole
region (80 < my, < 100 GeV) within |y| < 3.6:

o, = 1055.3 + 0.7 (stat) + 2.2 (syst.) £+ 19.0 (lumi) pb

LI L S B

I
—

I|IIII|III
pp — Z

E T T T T T T E T T T | T T T T |
— 11_
S [ ATLAS pp — 2 + 4 8 "' ATLAS i
R Vs=8Tev,2021b" - 2 (s=8TeV,202f" | A7
S 400(— = Bl | 1 E | | = .
— 1 ocl1.05— ! ! ! : .
e _ | B ! i i i i ]
300~ —— Data — - B I T | 1 .
_ I stat. @ syst. — _ : : : : , i
B stat. @ syst. @ lumi i - ; :
200~ —— N°LO QCD + NLO EW — ¢ ¢ o Q iNe | e : : ¢ ]
— I Scale variations —_— 0.95— ' 1lle —
::l. IP|I3IFlImIcTerItalmltylIHHIHHIHHIHH]I [ —— Data NNLO QCD + NLO EW ’
s B LA LA L . L 2 ® CT18A O ABMP16 3
S 4 . 0.0 MMl stat ©syst. O O O HERAPDF20 —
o E B stat. @ syst. @ lumi , NNPDF4.0 A ATLASpdi21 A
80'95:_ _: B L 1 | L 1 1 L | 1 1 1 1 | L 1 1 L | 1 L 1 1 I L 1 L L | l 1 1 1 I_
D(:U C L | T L = 0 0.5 1 1.5 2 2.5 3 3.5
0 0.5 1 15 2 2.5 3 35 iyl
ly|
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ATLAS

EXPERIMENT

ATLAS data from 2012 with /s = 8 TeV is
used (20.2 fb1)

Strong coupling constant is measured using

the recoil of the Z boson against radiation
from initial-state partons

Low energy region of Z boson p; used due
to high probabilities of gluon emissions
with vanishingly small momenta

Measurements of double-differential cross
sections of Z boson as function of p; and
ly| used

Sudakov region of the Z p; distribution is
used
* Linear sensitivity to ag(my)

 High perturbative accuracy of theory
predictions

« Non-perturbative QCD effects are
controllable (power corrections not
linear, but quadratic)

Events required to be in Z boson pole
80 < my, < 100 GeV and with pr ; < 29 GeV

12/July/2024 Juan Cristobal Rivera -

Strong coupling constant as from Z boson recoils
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N

80
pp = Z, Vs =8 TeV

do/dp__[pb/GeV]
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@‘ﬂrﬁé Strong coupling constant ag from Z boson recoils

—_—~
N
=
S
w

o]

« ags(my) is determined by a y? fit, repeated
at various orders of QCD perturbative
expansion

 x%/d.o.f. computed is 82/72 (p-value of 0.2)
« Value obtained is ag(m;) = 0.1183 + 0.0009

« Compatible with other determinations and
world average

» Most precise experimental determination
of ag(m;,) to date

| |
pp — Z

0.122ATLAS —

C Vs=8TeV,202f" -
0.120F -
0.118F \ + =
0.116 + ¢ -]
0.114 -
0.1 12:_ MSHT20 PDF _
0.110 - Zp, =

- Scale variations 7
0.108" — -

NLL NNLL N°LL N*LLa

ATLAS ATEEC

CMS jets

H1 jets

HERA jets

CMS i inclusive
Tevatron+LHC tf inclusive
CDF Zp,
Tevatron+LHC W, Z inclusive
t decays and low Q°

QQ bound states

PDF fits

e'e jets and shapes
Electroweak fit

ATLAS Z P, 8 TeV
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|
ATLAS -® Hadron Colliders
-@- Category Averages PDG 2022

-@- Lattice Average FLAG 2021
-@- World Average PDG 2022
-@- ATLAS Z P, 8 TeV

0.1185+ 0.0021
0.1170£0.0019
0.1147 £ 0.0025
0.1178 £ 0.0026

0.1145+ 0.0034
0.1177 +0.0034
0.1191+0.0015
IR | SR 0.1188+0.0016__
0.1178+0.0019
0.1181+0.0037
0.1162+ 0.0020
0.1171+ 0.0031

0.1208 + 0.0028

IO - S 0.1179+0.0009_ _
0.1183 + 0.0009
1 1 1

|
0.115 0.120 0.125 0.130

as(mz)
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@ATLAS LF universality in W — ev/uv decays

EXPERIMENT

« ATLAS data from 2015-18 with /s = 13 TeV
is used (140 fb")

- Ratio of BRs of W to e and u (Rf/,‘,/e)

obtained from tt production cross sections
in the ee, ey and uu final states

« Uncertainties in lepton identification are
reduced by measuring analogous ratio for Z

bosons (Rg‘“/ee) as well

« Main parameter of interest becomes
Rli/e _ Ru/e/ Ruu/ee 750

105—?‘\\\\\HI\\\\IIIIIIIIHHHIIIHH\HIIIIH—
L ATLAS

— Vs=13 TeV, 140 fo” Cod oo

—_
o
O

: # Data
— Z F’owheg+F’Y8
- Z Sherpa

Electron isolation efficiency [%)]
[{e]
(=]

4 In| bins per pT slice _f
ml: [0.0,0.5,1.0,1.5,2.5] ]

Hl\\\ll\\l\\llllllll\l\\\lll\l\\\l\llllll:
20.25 39 095 5-4g 045 %59 %069 S0-89 0-19,700.15,750
Electron p_ [GeV]

 Lepton isolation efficiency measured in situ

'\_Q'105j\\\\\HI\\\\HIIIIIIHHHIIIHH\HIIIIH—
] & b ATLAS ]
to ensure low total uncertainty £ 100 Vo=13TeV, 140! 1 L L eeedonss
: : : . £ o5 aa il | -

* b-jet tagging+reconstruction efficiency also s .- # ° 4o
measured in situ 8 af A BAGUE
é 80%'5:'.5 4 Inl bins per p_ sliceé

n ml: [0.0,0.5,1.0,1.5,2.5]
75 =
j\HlH\lIHlHIlIIIlII\l\\\lll\l\\\l\llllll:
12/)uly/2024 Juan Cristébal Rivera - UVic W25 259 W35 Hap a5 #5906 s W109"0.155780
Muon P, [GeV]
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?ATLAS LF universality in W — ev/uv decays  aniv2403.02133

) Event reqUIrementS E 1052— I\'AELLSAva 140" éﬁ?m E § mﬂ; E:gifv 140 b é&:ﬁa _
- Exactly 2 selected leptons Eol S ol P T I

« One or two b-tagged jets

* In same-flavor events,
|mg{) — mZ| > 10 GeV

. Fi i ufe uu/ee . i R : ;0 i — P
Flt.Of O-t.:t’ O-Z_)'g'gl RWZ and. RZ. IS do.ne = 0.95__40 60 80 100 120 140 180 180 250 k40 60 80 100 120 140 160 180 260
using single maximum likelihood, using me (GeY) M GeV)
the following event counts: I Y O Y R

 N;j and N, are fit to events in ep L | = L =
channel 5 : :

» Nt and Nif,, arefit to the £¢
invariant mass bin

T 15 e E T 1.
. . . —_ & [ ] — E
-« Ng£€ and N;* are fit to the inclusive B _
/ - ,ef Selections 40 60 80 100 120 140 160 r;ﬂsjﬁo T 4060 80 100 120 140 160 n:j(ieezvo]o
i Fit reSU|tS: % 500?10'41-[_45 I [ ] DﬁataI E ’é . é
* F= 5+ 20.2 pb A = 1 S | aras 2 P
O-tt - 809 - ' p £ 400:— * L § éféz%? . — E e Vs=13 TeV, 140 fb” EE‘;“,‘;?’“
S F s-11) lepton =] F oz =1 -
¢ O-Z—>'£'£ = 2019'4 i 26'7 pb = 300~ Systematiune. 7 é 10° =ms-lDlepton -
F F Systematic unc
e r . E
« RM¢ = 0.9990 + 0.0042 S :
ee 100? i
° Rgﬂ/ = (0.9913 + 0.0045 . I 10
E 1'02;’ E i 1.005F
g % W D E IR | S— e Beremennnnaenas
0 098 3 & 0.995F

Z—ee Z—pp

N,
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ATLAS LF unlversallty iNW — ev/uv decays  aniv2403.02133

EXPERIMENT of Victoria
\Z—‘g1'15ﬁ AITLIAIS o ’ E?ta dicti
z . — Fit prediction . . . .
Z | lewmevion Systematc unc. « Resulting value of ratio of branching ratios

is R1/¢ = 0.9995 + 0.0045, which is
consistent with assumption of lepton flavor
universality

Jlllll\\lllll\\l—

Uiy .
C ] _ e
005k E  Most precise measurement of R#V/ to date
E 1.02F I I I ‘ + I I ‘ I —
— E 3 I T T T I T T T I T T T I T T T I T T T I T
i A S " """" - [
Bowl ' o ATLAS
40 60 80 100 120 140 160 180 200 LEP?
m, [GeV] e*e >WW, V5=183-207 GeV "
z\31.15ﬁ A'T‘L"qs'"'"”"""';‘D_'at;,"_'_" — ATLAS . , . .
= [ (s=13Tev, 140" — Fitprediction ] pp—W, Vs=7 TeV, 4.6 fb ;
- op Systematic unc. B LHCb . N
- pp—W, Vs=8 TeV, 21"
- CMS .
- pp—it, Vs=13 TeV, 36 fb ' :
- - PDG average '—*—'
0.951 - ATLAS (this result) Gt
» e e p—>ttv/_13TeV140fb :
i.: 1 02;'_ + _: 1 1 | 1 1 1 1 1 | 1 1 1 I 1 1 1 | 1
% AT B + ------------ + e — R 0. 92 0.94 0. 96 0.98 1 1.02
S 0.98F =
40 60 80 100 120 140 160 180 200 B(W—-uv)/B(W—ev)

m, [GeV]
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ATLAS . L niversity
Conclusions

* The ATLAS Experiment has been used to obtain high
precision measurements of various electroweak
parameters of the SM

W Boson mass m,, and width T,

e Top quark mass (combination with CMS)
« Z Boson invisible width T'(Z — inv)

« Z Boson double-differential cross section
« Strong coupling constant as(m;,)

« R1/¢ as test of LF universality
« Most precise results to date across the board

 Results are consistent with global averages and SM
predictions

« Run 3 of the LHC has started, with even more data to
make new measurements and to improve existing ones
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§aras 7 boson double-differential o swasososss @

* x* results using different PDF sets:

PDF set Total y?/d.o.f. x? p-value Pull on luminosity
MSHT20aN>LO 13/8 0.11 1.2+ 0.6
CT18A 12/8 0.17 0.9+0.7
MSHT?20 10/8 0.26 0.9+0.6
NNPDF4.0 30/8 0.0002 0.0+£0.2
ABMP16 30/8 0.0002 1.8+0.4
HERAPDF2.0 22/8 0.005 -1.3+0.8
ATLASpdf21 20/8 0.01 -1.1+0.8

* Precision of the measurement provides strong PDF sensitivity
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« y? formula used:

2

N ex ex h h

5 data (Ui Py erij pﬁj,BXp — O'it — ZkFl-tk ﬂk,th) , )

X (ﬁexpr ,Bth) = z AZ + z ﬂj,exp + z IBR,th
=1 L j 7

- Where ;" are the measurements and /" are theory predictions, A? are the

uncorrelated experimental uncertainties.

* Bexp @nd By, are the experimental and theoretical nuisance parameter vectors,
and the matrices I;;"” and Ij§* encode their influence on the data and the theory
predictions.

« At N*LLa+N3LO, only one PDF set
(MSHT20aN3LO) is available.
Determination of ag(my) is also repeated 12500
at lower order using various PDFs in a I
simultaneous fit.

LI L N B T T T T T T T T T T T T T T

= 10551\

« Value obtained using this method is 1245
as(m,) = 0.11866 + 0.00064 3 .
« Result is in agreement with result from B .
N4LLa+N3LO method B AUk TSy (X - R 7
oy(m)
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