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Overview

Several recent EWK and QCD results from ATLAS and CMS:
provide precise measurements of fundamental SM parameters
probe the mechanism of EW symmetry breaking

O

O O O 0O 0O O O

offer sensitivity to BSM physics

test state-of-the-art perturbative QCD calculations

provide measurements of proton PDFs

provide important input for the development of MC simulations *new for La Thuile

search for rare SM decays

introduce and develop interesting experimental techniques
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*RAZ effect and polarisation in WZ production
*Wyjj fiducial and differential x-sections
*MET+jets differential x-sections

*Lund subjet multiplicities

Search for exclusive hadronic W decays

L

- Multidifferential dijet x-sections
- Azimuthal jet correlations > determination of a_

- Tau lepton polarisation -> determination of sin 6,
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https://arxiv.org/abs/2402.16365
https://arxiv.org/abs/2403.02809
https://arxiv.org/abs/2403.02793
https://arxiv.org/abs/2402.13052
https://arxiv.org/abs/2309.15887
https://arxiv.org/abs/2312.16669
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-005/index.html
https://link.springer.com/article/10.1007/JHEP01(2024)101
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Measurement of T lepton polarisation JHEP 2401 (2024) 101

e Weak mixing angle (sin Gweﬁ) leads to different coupling of Z boson to
RH and LH fermions - described by asymmetry parameter A,
e From T polarisation in Z>tt decays can determine sin Gwe“
_ o(tg) — o(7y)
2v,a v : T o) + oz
P=—A=——"""n-2-"=-2(1-4sin?0%) (%) + o)
vZ+a. a w
T T T

e More challenging than measurement at LEP

o hard to determine polar emission angle
o average over limited range of Vs of the qq pair
O

comparisons are test of lepton universality of weak neutral current
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https://link.springer.com/article/10.1007/JHEP01(2024)101

Measurement of t lepton polarisation

JHEP 2401 (2024) 101 ¢

e 11 categories dependingon [B - angle between direction of charged / m*(q)
: : ion in p rest frame and direction of
o hadronic/leptonic tau . . P P ol \ 8
o decay mode of hadronic tau (t > hv, withh=m,p, a)) I
. o . . o e e o (T ) — G(T ) FI)
e Discriminant observable maximising sensitivity for helicity for p = 2R L b
. . o o . T
each category - fit with template & extract helicity fractions o(tg) + o(7y) )
- , (b) B(p » m*n®)
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https://link.springer.com/article/10.1007/JHEP01(2024)101

Measurement of t lepton polarisation

JHEP 2401 (2024) 101

CM

L

Average polarisation extracted from fits

(Py = — 0.140 = 0.006 (stat) = 0.014 (syst)

Correct to value at Z pole - allow comparison with
LEP measurement

P.(Zy) = — 0.144 £ 0.006 (stat) = 0.014 (Syst)

.
.
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from AT can determine:

most precise result at hadron colliders!

sin29W =0.2319 £ 0.0008 (stat) + 0.0018 (syst)

CMS (13 TeV)
36.31"
ATLAS (8 TeV)

Eur. Phys. J. C 78
(2018) 163

LEP-SLD .p0G)
Prog, Fhedr. Exp. Phys.
L. +083C01(2022)

SLD
Phys. Rev. Lett. 86
(2001) 1162

L3
Phys. Lett. B 429
(1998) 387

DELPHI
Eur. Phys. J. C 14
(2000) 585

ALEPH
Eur. Phys. J. C 20
(2001) 401

OPAL
Eur. Phys. J. C 21
(2001) 1

All plots & tables here
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https://link.springer.com/article/10.1007/JHEP01(2024)101
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-010/

RAZ effect and polarisation in WZ production | NEWFORLATHUILE

WZ polarisation measurements probe the nature of EW symmetry breaking

Use WZ>LvlP (L, I'=e, u) production to study:

arXiv:2402.16365
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https://arxiv.org/abs/2402.16365

RAZ effect and polarisation in WZ production | NEWFOR LATHUILE @ATLAS

WZ polarisation measurements probe the nature of EW symmetry breaking arXiv:2402.16365
o UseWZ>Ivl’l (I, I'=e, u) production to study:
o energy dependence of diboson polarisarion fractions

WZ polarisation @ high p_

. .. . . 0 - longitudinal, T - transverse
e Diboson polarisation fractions in [ & :

. . . = Do 0] L B B B B B B =

inclusive WZ are dominated by TT S o ATAS LD mwg 1 s Pamas L vaa‘é’l‘ WZ' -'W%o‘ ]

i 5 Vs =13 TeV, 140 b oZrtWeZo  EWrZy 1 5 1605 35— 13 Tev, 140 fb" oZriWiZy  mWiZy =

events with low.monjentum bosons & SR 100<57<200 Gov Sl N 1a0f SR 10075200 Gov Shrempl L MNepromet

e Target events with high p_Z bosons E N E

. T f =0.19+0.03(stat) E E 2 ]

e BDT trained to separate 00 00 £0.02(syst) 1 qoof 3

polarisation state from others - @ 5.30 i sof E

e Fitto BDT score to extract 60F- 3
polarisation fractions in two bins of 40f

p.(Z) (100-200 GeV & >200 GeV)

non-0 f for 100 < pTZ< 200 GeV ¢ ' o T s E
o o geo g":“ﬁY*“*;‘pvr * 7‘+ g{ +,A,+,4.,++ é“‘#‘v b
w/ >50 significance ost 8 ¢ v S
-1 -08 06 -04 02 0 02 04 06 08 1 05l Lo Lo o Lo Lol

P L PRI IR BRI BRI A
-1 08 -06 -04 02 0 02 04 06 08 1

BDT score

cos ev
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https://arxiv.org/abs/2402.16365

RAZ effect and polarisation in WZ production

NEW FOR LA THUILE @ATLAS

WZ polarisation measurements probe the nature of EW symmetry breaking

Use WZ->LvlP (L, I'=e, u) production to study:
o Radiation Amplitude Zero effect

arXiv:2402.16365

All plots & tables here

of EDINBURGH

[0 - longitudinal, T - transverse]
s RAZ Effect i
Radiation Amplitude Zero effect: exact 0 for g% S SR e SN = Tt uncert. MG Py 3
TT amplitude in the region where cos 6 ~ 0 J=r DSE- RAZ Reglon p;"e 0lEeY =
0.5 —
Observed using rapidity differences - causes dip at 0 oqf. e =
o AY(WZ),AY(l,Z) 0sE- E
Requirement on p_(WZ)<x , to reduce jet activity and 02E- E
increase significance of dips , j- E
Measurements corrected for detector effects and E . =
. . O PR SR TN TR N SO ST ST TN (NN TN TN SN SN (NN SR SR TN N NN TR SR SR S N T S S 1
compared to SM predictions 3 14 : - - - - s
a 12 X 3
First study of this effect in WZ 5 Séé—_— i E
production! 0 * 2 3 3 5 °
AY(WZ)|
[ . IO AL Jilia Cardoso Silva EW and QCD Measurements - La Thuile 07/03/2024 7121



https://arxiv.org/abs/2402.16365
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2020-01/

Wyjj x-section @ 13 TeV -arXiv:2403.02809 | NEW FOR LA THUILE @ATLAS

e Measurement of fiducial and differential
x-sections of EW Wyjj
o  VBS process sensitive to quartic
gauge couplings & probe of EW
gauge symmetry breaking
o Corrected for detector effects

All plots & tables here

d —<— I\ NN\ W a

U A d
r W_
WS 1
+
A
NN\NN~

U
U —>—

7T d

EW Wyjj signal

QCD Wyjj bkgd

Jilia Cardoso Silva EW and QCD Measurements - La Thuile 07/03/2024 8/21



https://arxiv.org/abs/2403.02809
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-31/

Wyjj x-section @ 13 TeV

arXiv:2403.02809

NEW FOR LA THUILE @ATLAS

All plots & tables here

QCD Wyjj bkgd

d —<— 7 "\ N\ Wt a d
upA d VA
[ W_
WS 1
_)_
U A
T s AVAVAVAV RS B | U
°
EW Wyjj signal
d —<—PNNNN-
dgr wt
NNANN- o
U A U
+

Measurement of fiducial and differential

x-sections of EW Wyjj

o  VBS process sensitive to quartic
gauge couplings & probe of EW
gauge symmetry breaking

o Corrected for detector effects

Fiducial x-section measurement:

o NN used for signal/bkgd
classification in VBS enhanced phase
space

Differential x-section measurements:

o VBS observables (m,, p.J, p.}, m,)-

sensitive to aQGCs & used to constrain

EFT operators
o CPobservables (A¢jj,A¢lv) - probe CP

structure
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-31/
https://arxiv.org/abs/2403.02809

Wyjj x-section @ 13 TeV

arXiv:2403.02809

NEW FOR LA THUILE

1st observation of Wyjj

production at ATLAS!
fid — +
Oy = 13:2£2.5pb
ATLAS T
Vs=13TeV, 140 fb'
EW W(—Iv)yjj

Data (syst) [l (total)
132+ 25fb

Sherpa 2.2.12

8.9709 (scale) * ¢ (stat+PDF+ay) fb

-03 (

—o—

MadGraph5+Pythia8

13.0732 (scale) * 0“: (stat+PDF+ay) fo

0 2 4 6 8

Gfid
EW W(—Iv)yjj

10 12 14 16 18

[fo]

&%y THE UNIVERSITY
Y- of EDINBURGH

Julia Cardoso Silva

EW and QCD Measurements - La Thuile

07/03/2024

9/21


https://arxiv.org/abs/2403.02809

Wyjj x-section @ 13 TeV

1st observation

of Wyjj

production at ATLAS!
2.5pb

fid —
Oy =13.2%

\Illlllllllllll‘lllllll

ATLAS
Vs =13 TeV, 140 ft5'
EW W(—Iv)yjj

Data (syst) [l (total)

132+ 251
Sherpa 2.2.12 —o—i
8.9 04 (scale) 7, (stat+PDF+oy) fb
MadGraph5+Pythia8

13.0732 (scale) * 0“: (stat+PDF+ay) fo

0 2 4 6 8

Gfid
EW W(—Iv)yjj

arXiv:2403.02809 NEW FOR LA THUILE
VBS observable

3 [atias T T s L3 eV, 140 16!
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e ’ L
o |:|+ ° 1 [©] Sherpa 2.2.12
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do/ g,
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https://arxiv.org/abs/2403.02809

Wyjj x-section @ 13 TeV

arXiv:2403.02809

NEW FOR LA THUILE

1st observation of Wyjj
production at ATLAS!
fid —
ATLAS T
Vs =13 TeV, 140 ft’'
EW W(—Iv)yjj

Data (syst) [l (total)
132+ 25fb

Sherpa 2.2.12 —o—i

8.9 (scale) * - (stat+PDFay) fb

MadGraph5+Pythia8

13.0732 (scale) * 0“: (stat+PDF+ay) fo
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Gfid
EW W(—Iv)yjj

10 12 14 16 185 11 ¢

VBS observable

Differential x-section measurements used to
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3 [atias  {5=13TeV, 140" v . .
210 FEW Wi Nias = 0., <035 (SR) ; constrain dimension-8 EFT operators which
o ¢ Data, stat. unc.
% otal unc.
> u+ i % %;he:pazzm can Change QGC
Oig2k o - [E] MadGraph5+Pythias-| oy
0 b ’ o  Sensitive to 8 tensor-type operators
. and 7 mixed-scalar operators
10°F ' 5 .
| 1stlimitsonf_, and Iz
E e : Leﬁ=LSM+ZFOj
ST 4t b L f., atthe LHC! 7
205 °
§ 0 1(')0 260 360 460 560 560 760 ] S(IJO Coefficients [TeV—4] Observable Expected [TeV-* Observed [TeV 4]
Py GeVI L fro /A P [-2.4,2.4] [-1.8, 1.8]
g [atLas’ ' Vs =13 TeV, 140 16" le/Ai pg [-1.5, 1.6] (-1.1,12]
S EW W(—Iv)yji N = 0.¢, <0.35 (SR) fra/A pz! [-4.4,4.7] [-3.1,3.5]
§==1o F 4 Data, stat. unc. Ffra/A* péf [-3.3,3.5] [-2.4,2.6]
Total unc.
g =R fra /Ai p% [-3.0, 3.0] [2.2,2.2]
o [©] MadGraph5+Pythia8 fTS /A pTA [- 1 .7, 1 7] [-1 .2, 1 3]
1 e . } fre/A* Py [-1.5, 1.5] [-1.0, 1.1]
i # I S pid [-3.8,3.9] [-2.7,2.8]
= . a0/ A* Pl [-28, 28] [-24,24]
f . * ) Fart /A p; [-43, 44] [-37, 38]
| . . . . faa/A* p [-10, 10] [-8.6,8.5]
18 o A p;r [-16, 16] 13, 14]
-, e A B
o] & 5 . 0 |1 2 : §M5;A4 o {-78’ 77} E-667 65}
CP observable i = = =
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https://arxiv.org/abs/2403.02809

MET+jets differential x-section @ 13 TeV NEW FOR LA THUILE @ATLAS

e Unfolded differential measurements of pTmiss
produced in association with jets
o process-specific (Z » vv)
m after subtraction of all sub-dominant processes
o inclusive measurements
m only subtracting fakes from data
m sensitive to various DM other BSM models

e Measurements repeated in auxiliary regions
(lepton+jets, photon+jets)

o Ratios between SR measurement and
auxiliary measurements (R™**) allow
cancellation of systematics and
modelling effects

Regions
& Phase-spaces Observables
R: miss + i A + | .
Aux: e + jets Aux: 2 + jets _ .
VBF, >= 2 jets P, m, and ACDJ.J.
Aux: 2e + jets Aux: y + jets
arXiv:2403.02793
f ISR TR Jilia Cardoso Silva EW and QCD Measurements - La Thuile 07/03/2024 10/21
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MET+jets differential x-section @ 13 TeV NEW FOR LA THUILE @ATLAS

. . S=1i
—_inclusive,>=1jet |—— Generally reasonable
10° g =
— E ATLAS —e— Data (Stat.) E *
= 3 3
EF o morv o oaa st ) agreement with
= E miss 'ets, >1jet = . o
i 10F W el —— NNLORew. 3 | state-of-the-art SM predictions
° ok ey i -
1 g n p miss E
-1E o=y -
10 : . T :
107 e E
10°F - =
10°E -
1-4;—'"| MEPS@NLO (Stat.+Syst) NNLO Rew. (Stat.+Syst.) \—;
o 12F - =
ST T AT o Tk /Y
a F.:‘f—r““ Qe TV, i
S| == o &
9 = e o=
o 0.6 =
E [CZHets —Wajets Top EWK _ — Diboson E
c 'E E
'-g 1 . .
qé,-a 10 E_—__'_ E
B E 102 4
% &5
[an -
“10° 500 7000 7500 2000 25003
pfrECOI = pl:rn\SS [GeV]

All plots & tables here
arXiv:2403.02793
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https://arxiv.org/abs/2403.02793
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-55/

MET+jets differential x-section @ 13 TeV

fo
recoil | GeV
3
n
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Pred./Data

Relative
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w
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© 9 9 o -
A b A L 4 o

o g g
[< I ST

3 o
SR 4

3 -
~

inclusive, >=1 jet

NEW FOR LA THUILE

ATLAS

1 T
—e— Data (Stat.)

Generally reasonable
agreement with
state-of-the-art SM predictions

= {s=13TeV, 140 fo" " aaEt: és@;ﬁL g Syst.)
E bl miss | & >1i
B~ Py lets, = 1 jet —— NNLO Rew.
E - .
E "'1._@‘ p miss
- == T
E =y
F =
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::.:‘?—"‘“ s/ ), 71,
e
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%—___
500 1000 1500 2o|oo ]
recoll miss
P =p;

All plots & tables here

arXiv:2403.02793

L]
except for mjj
- flat pred/data forR__.
miss
- inclusive, VBF

10° T T
% E ATLAS —e— Data (Stat.) },/// Data (Stat. + Syst.) E
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8 C ]
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MET+jets differential x-section @ 13 TeV

NEW FOR LA THUILE

inclusive, >= 1 jet

Generally reasonable

compared with two DM models

10°E ' j -
- c ATLAS —e— Data (Stat) 3 M
L e, (s=18Tev, 140" /) Dam St Syt o agreement with comparable sensitivity wrt
— E miss jets, > 1 jet MEPS@NLO 3 R o
i, f a feeR  NNLORew. 4| state-of-the-art SM predictions dedicated searches
[oX E =1
© 1 ey H - oo
- me'SS : except for mjj
10 —-
E == 3 o .
102 o P 4 - flat pred/data forR_. highly re-interpretable!
107 . =
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-55/

Multidifferential dijet x-sections @ 13 TeV arXiv:2312.16669 :

e 2D and 3D measurements of dijet production x-section %
. . . _ _ 25 ins
o anti-k_jetswithR=0.4and R=0.8 : 0 aob

2D bins
AN A8
. BOIE)
04 I

0 05 1 15 2 25 )
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https://arxiv.org/abs/2312.16669

Multidifferential dijet x-sections @ 13 TeV arXiv:2312.16669 :
e 2D and 3D measurements of dijet production x-section %
o anti-k_jetswithR=0.4andR=0.8 Z'z 0 80 ne
o 2D spectra: as function of m_ in 5 rapidity bins B
. i - L BIEE
y| __-largest absolute rapidity of the 2 jets
[V lmax - 1218 pidity J S REEO

04

0 05 1 15 2 25 )

33.5fb" (13 TeV)
- CMS — CT18NNLO x NP x EW 3
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2

10° y
£ 10%F ]
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o| ¥ 10°F =
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o o[ q
S 107°F —+ Data =
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- 10782 v 15<ly| <20 (x10°) E
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—10 1
10300 1000 2000 10000
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https://arxiv.org/abs/2312.16669

CM
o ° ° (X o .
Multidifferential dijet x-sections @ 13 TeV arXiv:2312.16669 :
VT
e 2D and 3D measurements of dijet production x-section %
o . - — 25 () 3D bins
o anti-k jetswithR=0.4andR=0.8 ; o
o 2D spectra: as function of m_, in 5 rapidity bins o
’ . . . R KN/
m |y|_,, - largest absolute rapidity of the 2 jets 1 %D
.
o D ra: as function of m r<p.>. .in 15 rapidity bin 0.5
3D spectra as. u ctiono . 1,207 <P;> ,in15 apfj ty bins ; .m‘..D.D[
m y*-rapidity separatlon;yb-totalboost of dijet system 0 05 1 15 2 25 Y
" = 107 , 385 (13 TeV) CMS 29.6 b~ (13 TeV)
° F CMS — CTI8NNLOX NPx EW{ = ©.0,9,0.6.0
y*:—|y1—y2| S 10%F 5 8 1028—i 8'?’t1a8NNLOxNP><EW Y aPad\ \.Q.Q(;o_
2 _8_ 106- ] o ’
= 2 1 e
1 E 10 1 1
=5 1y1+ 3, B[R ygeF 1B
b= I Y2 o & 10°F 3 2[210
1 - S
= - 10
2 102F—+  Daa ] &1
R Iyl <0.5 (x10°) § ©
§ 104:_ = 05<lyl. <1.0(x10) i § 10%E,
2 10°F « 10<ly| <15 (x 109 E B
2 1oof T 18, <20 (x 10%) 1 & 102
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o ° ° (X o . m
Multidifferential dijet x-sections @ 13 TeV arXiv:2312.16669 <
LT
e 2D and 3D measurements of dijet production x-section %
o . - — 25 () 3D bins
o anti-k jetswithR=0.4andR=0.8 ; oo
o 2D spectra: as function of m_ in 5 rapidity bins B
2 . TEEO
m |y|_,, - largest absolute rapidity of the 2 jets 1 DD
. . . . - . 05 S
o 3D spectra: as.ftfnctlon of ml’z or<p,> ,in15 raplfhty bins ; HEEEE
m y*-rapidity separation;y, - total boost of dijet system 0 05 1 15 2 25 Yo
" = 107 , 335 (13 TeV) CMS 29.6 fo~! (13 TeV)
- CMS — CTI8NNLOx NPx EW{ S ©,0,0,0.0.0
y*zalyl_yzl % 108:_ o 1 & 1028) = &8s Lo x e x EW VAP 00
& 10°% i 28
I 1 . 10%
1 £ 104 = =
Yo =7y + 1l 2 10 1 :f
b= I Y2 o & 10°F 3 2[210
S 1f . £
c yel
o 72_— e = 1010
e Measurement corrected g 10—+ Dam ; 3 2
. N 104E ° Iy, < 0.5 (x 10°) 3 8 .
for experimental effects @ [ = 05<ly|,_ <1.0(x10) S
X 2 10°F « 10<ly| <15 (x 10?) E B
and compared with S joof T 15< Wl <20 (x 10%) 1 & 102
o 4e 5 [« 20 2.5 (x 10 i-k. (R=0.8)] &£
NNLO pQCD predictions = f Vo <250T0)  antid; (R08)] 2 100 .
300 1000 2000 10000 200 500 1000 2000
- 1
good agreement! m, , (GeV) (o131 » (GeV)
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CM
o ° ° (X o .
Multidifferential dijet x-sections @ 13 TeV arXiv:2312.16669 X
LT
0sCMS cms
e Simultaneous determination of proton PDFs N§ HERA DIS + CMS 13 TeV dijets (2D) N; 0.4 HERA DIS + CMS 13 TeV dijets (2D) ]
and a (M ) é 0.6 HERA DIS + CMS 13 TeV dijets (3D) - -g> HERA DIS + CMS 13 TeV dijets (3D)
5!z B up valence 3" down valence ]
o fitting HERA ep DIS data + 2D/3D dijet 0.4r - 02l 1
data 0.2F - ak 1
y%:mtz ' F|2==""12
. Only measurements Of mlaz forR_O.8 . 0.0¢ V ] . 0.0F b —— ]
211 HERA+2D)/HERA | ISR 5 —— (HERA+2D)/HERA //
340 o i 310 : __,_._._.;.\7_\7—' 5
- Inclusion of dijet measurement allows 2 0SS S (ERMODVHERA | & 0.5 [appumeener " — - (HERA:SDJHERA'Y
b o 104 103 102 10-1 10~ 1038 102 10"
etter constraint on PDFs N X
- Compatible results from fits with 2D/3D _Ctms _Cwms
fibeviviile £ i it am ety I I e e ey
_ . . . . [ + eV dijets N + eV dijets
Slightly more precise a(M,) value from fit with ~ el lwon [N total sea
2D dijet measurements g
501 — 10F quark 1
25 . 5r ~— 7
a (M,)M=0.1179 + 0.0019 o| A R oL A ~—~ ]
€11 — (HERA:2DyHERA €11 — (HERA«2DyHERA </ -
310 === 31 : —\/
&, 09k —- (HEIRA+3D)/HEIIRA . S &, 09F ——- (HE.RAJrSD)/HE?A lws-:.— 2
All plots & tables here 107 0T T 6T o 107 T T o o
X X
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-008/

Azimuthal jet correlations > a_determination MS-PAS-SMP-22-005 :

e R, ,(p;) measured over360 <p <3200 GeV
o proportionalto a®/a?=a_
o leads to cancellation of experimental
systematic uncertainties

neighbouring jets around jet i

p;>100 GeV
2n/3< AP <Tm/8 - >=3 jets

N:4(pp) .
et™' ™ (i nbr 3
E I NG aa- o]
RA¢(pT) — az
Njet(pT)

% inclusive jets in p_bin
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Azimuthal jet correlations > a_determination

e R, ,(p;) measured over360 <p <3200 GeV
proportional to a */a *=a_
leads to cancellation of experimental
systematic uncertainties

@)

(@)

neighbouring jets around jet i

p;>100 GeV
2n/3< AP <Tm/8 - >=3 jets

RA¢(PT) =

Niatlor) .
NGO (A pNPT ] @
i=1 nbr ™min /2

Njet(pT) a

e Measurement corrected for detector effects
and compared with predictions from MC

% inclusive jets in p_bin

generators & NLO pQCD predictions

MC/Data
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—— o g e —
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C lyl <25 fin
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r - - Herwig++ EE5C Exp. uncertainty 3
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C ] ]
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Data/Theory
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<
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]
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0.7F

— Preliminary

PDF uncertainty

s

BERX %

b

[ —e— Data

r NNPDF31nlo (aS(MZ):o_1 18) @ NP ® EW
:_ Besse Scale uncertainty

- Good description from LO Pythia8 CUETM2
- Overestimation from other generators tested

F— e ==
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Azimuthal jet correlations > a_determination

ater] — 1I34fb"(13 Te'\/)
e R, ,(p;) measured over360 <p <3200 GeV i e e & Fows . :
o proportional to a_*/a = a_ & Py T irerivalmiE E E
o leads to cancellation of experimental 3 1 o E
systematic uncertainties F e T : T :
0_3% ------- 5 E-‘t __ : ;«),C & :
neighbouring jets around jet i O,ZS;F+++ ++++':-¥___:'5 Z I M S
p;> 100 GeV . IArlni-kT R=0.7 5 #ﬁ: 015 NNPDF310l0 (ag(M,)<0.118 ) NP ©EW 3
° 02— <25 —] = ]
2]-[/3 < Aq) < 7T[/8 ->= 3 jetS E 2yn/3< Ad<7m/8 E 5 1: e Scale uncertainty ]
sisE- P =100 GeV = L B
’ C —e— Data ] r PDF uncertainty 7]
N; (PT) C_ 1 7 0.05[— -
jet (l) H 03 § jat - erwig-++ : Xp. uncertain E z F I E
. 3 Lo NopA9-Pimin) , S Lof Py CUETWR ooy 4 B 3
A¢(pT) = az . Pythia8 CUETM1 1 s
]vjet(pT) 1'45_ ‘‘‘‘‘‘‘‘‘ _E a 1.12— o

e O o = e e e — o R e e
i LR R ] L N =
1 i Y E
% inclusive jets in p_bin el i E
400 500 600 700 1 0‘00 2000 300! 0.7] E— \ —E
e Measurement corrected for detector effects and Py (@eV, 400500 L0 O

compared with predictions from MC generators & . . .
P p . g - Good agreement with NLO pQCD predictions

NLO pQCD predictions with all PDF sets tested
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— — — \

Azimuthal jet correlations > a_determination  cMs-PAs-sMp-22-005

154 fo (13 TeV) o a (M) from x*> minimisation between experimental results and

Al— 0-34_ T T T T T
o - CMS NNPDF31nlo theoretical predictions
(Ig %2 Preliminary e Spread of a (M,) values from different PDF sets is additional
0sl uncertainty on final value from NNPDF3.1 ;s 15 7ev)
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[ ] (] (] [ ] (] m
Azimuthal jet correlations > a_determination  cMs-PAs-sMP-22-005 :
T
o (M)EYS = 0 1177400117 e Runningof a_studied by splitting p. range into 4 subregions
stz -0.0074 and repeating fitting procedure using NNPDF3.1 set
CMS Preliminary Theory at NLO
; EERERRRRE ] = CMS Preliminary
CDF 1.96 TeV (1)) A i i g 8 T T T T T T T T T T T T T T T T i
ZEUS 320 GeV (1)) c = Theory at NLO R CMS R,,7 TeV : EPJC 73:2604 (2013) .
D0 1.96 TeV (1)) ? ‘E” 3 025 v CMS 3-Jet mass 7TeV : EPJC 15:186 (2015)
Mal.&Star. 7 TeV (1)) : ® * CMS incl. jets 7 TeV : EPJC 15:288 (2015) |
H1 319 GeV (1)) ‘o * CMS incl. jets 8 TeV : JHEP 03:156 (2017) |
CMS 7 TeV (1]) 7] ' ATLAS TEEC 8 TeV : EPJC 77:872(2017)  —
CMS 8 TeV (1)) 0.2 ATLAS R,,, 8 TeV : PRD 98:092004 (2018) |
Britzger (1j) - ° CMSR,, 13 TeV _
L % -------- PDG 2022: ay(M,) = 0.1179:0.0009 i
ZEUS 318 GeV (R32) - %ﬁ# % .
DO 1.96 TeV (RdR) 0.15— : és}(} ]
CMS 7 TeV (R32) B 9.4 % & ]
CMS 7 TeV (m3j) u vy ]
ATLAS 7 TeV (TEEC) 2 01 %@}#%-é#ﬁ é __
ATLAS 7 TeV (ATEEC) = L _
:_}_S;g S?Z\;”({?_ EEC) % B A DO : Phys. ReV. D 80:111107 (2009) ]
‘ - o DO:PLB718:56 (2012)
2;3:213 EQZE(IIE-ICT))) 1 0.05 — o H1 : EPJC 75:65 (2015) Energy dependen e—
CMS 13 TeV (RAKGT) - 0 ZEusinePmesssieon)  copsistent with prediction
0.09 0.095 0.1 0.105 0.11 0.115 0.12 0.125 0.13 ' ""1'0 e 1(')2 — "';(')3 —
ot (M2
All plots & tables here (M) Q (GeV)
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Lund subjet multiplicities arXiv:2402.13052 | NEW FOR LA THUILE

All plots & tables here

e Parton shower modelling is crucial for analyses at hadron colliders
o different algorithms give different predictions

o higher order QCD effects, like “double-soft” splittings need to be
. 1 2
understood and incorporated ® / >
o affects precision of analyses
e Measurement of Lund subjet multiplicities is sensitive to higher order  Infk)
more
effects perturbative In(R/A‘R)
o number of subjets above a certain jet relative transverse momentum -
k. in ajet’s angle-ordered clustering history (obtained using Niwns =4
t . . 2 Primary
Cambridge/Aachen algorithm) Niwna =2
e Measurement done in dijet events
|\ include
k = pgmission % AR(pemission pcore, In(ke out) [~ I\ X
A , \.. .,
more )
non-perturbative
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2023-07/

Lund subjet multiplicities arXiv:2402.13052 | NEW FOR LA THUILE

Unfolded differential x-section measurement of N, _ for different k requirements, in jet p_bins, and
in relative rapidity bins
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Lund subjet multiplicities arXiv:2402.13052 | NEW FOR LA THUILE @ATLAS

e Unfolded differential x-section measurement of N, _ for different k requirements, in jet p_bins, and
in relative rapidity bins
o Herwig gives best overall description of multiplicities, especially in perturbative regions
o  Sherpa performs best when non-perturbative emissions are allowed (k. <2 GeV)
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jj Prels00,750 Gev i SebaiBSol) ] Py €[500, 7501 GeV L Snerba (5511
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2 ] 10 E 3
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: s S
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R . S e fremeeeeneneeneneneas PO Ta 140 ol
[ 2 " o 1.2(8 ~ M &
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Lund subjet multiplicities arXiv:2402.13052 | NEW FOR LA THUILE @ATLAS

e Unfolded differential x-section measurement of N, _ for different k requirements, in jet p_bins, and
in relative rapidity bins
o Herwig gives best overall description of multiplicities, especially in perturbative regions
o  Sherpa performs best when non-perturbative emissions are allowed (k. <2 GeV)
e AverageN, . alsomeasured - good agreement with analytic prediction (NLO+NNDL)
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Lund subjet multiplicities arXiv:2402.13052 | NEW FOR LA THUILE @ATLAS

e Unfolded differential x-section measurement of N, _ for different k requirements, in jet p_bins, and
in relative rapidity bins
o Herwig gives best overall description of multiplicities, especially in perturbative regions
o  Sherpa performs best when non-perturbative emissions are allowed (k. <2 GeV) important input for PS
e AverageN, . alsomeasured - good agreement with analytic prediction (NLO+NNDL) algorithms development!
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Searches for exclusive hadronic W decays arXiv:2309.15887 @EATLAS

No exclusive hadronic decay of the W

boson has been observed to date

Could offer:

o Clean tests of QCD factorisation

o W mass measurement through
fully-reconstructed final state

search for W*> mt*y, W p*y , W*> Ky

&9 THE UNIVERSITY [T T———
) QfEDINBURGH utia Cardoso JSitva

Vi Decay Channel SM Branching Fraction
- W* — 1ty (4.04+0.8) x 107
s e o -9
— 0Ty (8.7 £1.9) x 10
i W= — KEy (3.34+0.7) x 101
Y. Grossman, M. Konig, M. Neubert
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Searches for exclusive hadronic W decays arXiv:2309.15887 @EATLAS

e No exclusive hadronic decay of the W search for W*> mt*y, W p*y , W*> Ky
boson has been observed to date ; ;
Vi Decay Channel SM Branching Fraction
* Couldoffer: N . WE — 7ty (4.04+0.8) x 1077
o Clean tests of QCD factorisation |" w+ WE S gy (8:7 - 1:9) 109
o W mass measurement through y WE — Kxq (3.3 +0.7) x 10~10
fully-reconstructed final state Y. Grossman, M. Konig, M. Neubert
e 3 decays targeted using 2 final states
o track+photon - all decays
m dedicated triggers
o tau+photon - W*- p*y
m di-photon triggers to target > yy
m p-candidate reconstructed as tau
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Searches for exclusive hadronic W decays

arXiv:2309.15887 @EL\TLAS

e No exclusive hadronic decay of the W search for W*> mt*y, W p*y , W*> Ky
boson has been observed to date ; ,
Vi Decay Channel SM Branching Fraction
* Couldoffer. : W+ — 7+ (4.0+£0.8) x 107
o Clean tests of QCD factorisation |" we WE o ot ;Y (8:7 i 1:9) < 10-9
o W mass measurement through 4 WE 5 KEy (3.3+0.7) x 1010
fully-reconstructed final state Y. Grossman, M. Konig, M. Neubert
e 3decays targeted using 2 final states . S0k B ]
o track+photon - all decays sampling sequence <™. g TR
m dedicated triggers %::ZZ_ 1 o E
o tau+photon - W*- p*y I ' ] 8400005_ B CeoigrundModel
m di-photon triggers to target %> yy T . , T S
m p-candidate reconstructed as tau | E
e Modelling of di-jet and jet+photon v calo 5o anteen | v ik so| o E
background using novel non-parametric | i S E
data-driven technique based on ancestral | [ew - A
sampling (JHEP10(2022)001) in region with S W "”’/”'
relaxed selection - R Za:)(track, p2hSo(:on) [Ge?/(;o
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https://link.springer.com/article/10.1007/JHEP10(2022)001
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Searches for exclusive hadronic W decays arXiv:2309.15887 ATLAS

EXPERIMENT

All plOtS & tables here Expected branching  Observed branching
fraction x107° fraction x1076
L] o i i o
best upper limit on B(W*» mt*y)! (4x improvement) W* — nty 12403 1.9
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https://arxiv.org/abs/2309.15887
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-20/

CM
Summary C\\ @ATLAS

e Several recent EWK and QCD results from ATLAS and CMS discussed today
o further details can be found in the respective publications

ATLAS M5

EXPERIMENT Ny
) 1T
- RAZ effect and polarisation in WZ production [Link]
- Wyjj fiducial and differential x-sections [Link] - Multidifferential dijet x-sections [Link]
- MET+jets differential x-sections [Link] - Azimuthal jet correlations > determination of a_[Link]
- Lund subjet multiplicities [Link] - Tau lepton polarisation > determination of sin GWM

- Search for exclusive hadronic W decays [Link]

e Many more interesting results, not covered today, can be found in ATLAS & CMS public pages
o  ATLAS public STDM results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
o CMS public STDM results:
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/index.html

«% THE UNIVERSITY - : :
NeN): ofEDINBLIRGH Julia Cardoso Silva EW and QCD Measurements - La Thuile 07/03/2024 21/21


https://arxiv.org/abs/2402.16365
https://arxiv.org/abs/2402.16365
https://arxiv.org/abs/2403.02809
https://arxiv.org/abs/2403.02809
https://arxiv.org/abs/2403.02793
https://arxiv.org/abs/2403.02793
https://arxiv.org/abs/2402.13052
https://arxiv.org/abs/2402.13052
https://arxiv.org/abs/2309.15887
https://arxiv.org/abs/2309.15887
https://arxiv.org/abs/2312.16669
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-005/index.html
https://link.springer.com/article/10.1007/JHEP01(2024)101
https://link.springer.com/article/10.1007/JHEP01(2024)101
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/index.html

