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Infroduction

» Processes involving W/Z bosons and jets are standard candle for precision
measurements and theory at LHC

» They allow to:
> Test precisely perturbative Quantum ChromoDynamics (pQCD)
» Measure fundamental parameters of the Standard Model (SM)
» Improve our understanding of Parton Distribution Functions (PDFs)
» Provide important inputs to simulations

» The following recent results from ATLAS and CMS are presented:
> ag extraction at Z pole from Z pyat /s =8TeV - ATLAS-CONF-2023-015

» Transverse energy-energy correlation (TEEC) and its angular asymmetry (ATEEC) at
Vs =13TeV -2301.09351

> Inclusive jet production at ys = 13 TeV - JHEP 02 (2022) 142 |CMS,
> Dijets production at /s =13 TeV - CMS-PAS-SMP-21-008 .

ner-p»



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-015/
https://arxiv.org/abs/2301.09351
https://arxiv.org/abs/2111.10431
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-008/index.html
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as exiraction from Z p; at 8 TeV

» Strong coupling constant ayg is the least
well known in nature

» Dominant uncertainties to precision
measurements of Higgs coupling af LHC
or EW precision observables at ete™
colliders

» Non-zero value of Z pr arises from initial
state radiations from incoming partons
due to momentum conservation

do/dp__[pb/GeV]

» The peak position of Z p; and above is
sensitive to ag(my,)
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as exiraction from Z p; at 8 TeV oo

uncertainties

> Evaluate y?(as) with ag variations in X (Bexp: Bun) = /
2
LHAPDF Naata (O_iexp + Zj Ff;pﬁj,exp - O'ith - Zk Flt'llllgk,th)
> Include experimental (8 .xp) and PDF A2
uncertainties (Bx¢n) in the x%(as) =l ’ uncorrelated
definition + Z B exp + Z Bin - \ systemnatic
Jj k uncertainties

» For each value of ag, By ferms explore

0.4<lyl<0.8

the PDF space to find the best fit to Z pr ; §11
dGTO ATLAS Preliminary ;:% % L
> aN°LO MSHT20 PDF set is used for ~ ®-2 0s
the ag extraction e Data —
.Egsthic 11 e |
> Fit Z pr <29 GeV region e T e o

» Non-perturbative form factor (affecting
L pr <5 GeV) is added with
unconstrained nuisance parameter

20<lyl<2.4

> ag(my) extracted by fitting the 2D (pr, )
cross section in full lepton phase space

> x2/ndf = 82/72

10 1 10
p; [GeV] p; [GeV]
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as exiraction from Z p; at 8 TeV

\
pp —Z

> First ag(m,) determination based on £ 0.122- ATLAS Preliminary E
aN4LL+N3LO predictions ® 01200 BTev.202i” 4
) 0.118 _+__+_—
> as(my,) determined at lower orders - - — ]
: : 0.1161 -
good perturbative series convergence —— ]
0.114F -
> Most precise experimental determination 012" MSHT20 PDF E
ul - Zp, ]
Of as (mZ) 0.110 C Scale variations ]
0.108"- | .
. . NLL NNLL N°LL N*LLa
> As precise as the PDG and Latfice WA
T T L T
Experimental uncertainty ~ +0.00044  -0.00044 ATLAS g Gitogory Avrages PDG 2022
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Non-perturbative model +0.00012 -0.00020 W, Z inclusive 04188 = 0.0016
Flavour model +0.00021 -0.00029 finclusve | ——&—— 0.1177 0.0034
QED ISR +0.00014 -0.00014 T decays 01176 = 00019
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TEEC and ATEEC measurements

» TEEC as transverse-energy-energy-weighted distribution of the azimuthal
differences between jet pairs

1 dx o N EAEA

= — dxpidxr; = =6 y

o‘dcos¢ Z/deldeijO ¢XT1 TjUATIUAT; — ;Z(ZkE (COS¢ COS(p,J)
Tk

» ATEEC as azimuthal asymmetry of forward (cos ¢ > 0) and backward (cos ¢ <

0) TEEC parts | dzesym gy | dz
o dcos ¢ UdCOS¢¢ O'dCOS(ﬁn_¢
’@ TTT | 1T | TTT | 1T TTT I TTT | TTT | 1T | 1T | T |. ’f 10:_III‘I'I'|I'I'|"|' 'I‘IIIIII{""{""l""l" _E
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Systematic uncertainty [%]

Systematic uncertainty [%)]

4~ MMHT 2014 (NNLO) — Total syst.

4 Hrp> 1000 GeV H7 2 = P11+ P72
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TEEC and ATEEC measurements

» Full Run2 data set, unfolded data to particle level
» Anti-k; R = 0.4 calibrated PF jets with pr> 60 GeV and |n| <2.4

» Extended energy range, improved
experimental precision

» Dominated by JER+JES and MC modelling

» NNLO pQCD calculations applied for the
first fime in 2 > 3 jets process

> Visible reduction of theory uncertainties

» Scale uncertainties reduced by 1/3 with
new NNLO predictions

S ATLAS ATEEC — Total syst. --- JES

- Vs=13TeV; 139fb" - MC Mod. -- JER
Unfolding —JAR

Systematic uncertainty [%]

-1 —09 —08 —07 —06 —05 —04 —03 -02 -01 O
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TEEC and ATEEC measurements

» Measurement done in 1 inclusive Hy, bin and 10 exclusive H;, bins

» NLO calculations as in previous publication - EPJ C//7 (2017) 8/2

» NNLO predictions give a significant improvement for | cos ¢ | > 0.8 and show
visible reduction of theoretical uncertainties wrt NLO ones

Hy, > 1000 GeV

12 ' ' ' ' E 3
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TEEC and ATEEC measurements

> Running scale Q as half averaged H; of all final-state partons in each Hy , bin

o)
> a5 determined by comparison with theoretical = [x*(as. ) = >’ (i =~ Filas, 1)) YT
k

2 A 2

2 . Ax: + AE:

predlc’rlons using this )( formula bins : :
6 016_ T T T DQR T T T l D@ II t I_ /O'\ 0_16—' T T T T I T T T DIQF; T T T I D@ It ]
~ - INCI. | = ~ — i INCI. |€ I
5"’ ~ A TLAS * aCXMnSag.ww " arXiv:1207.4957 o arXiv:0911.2;10 — 5"’ - A TLAS * S)Mnssgqgw " arXiv:12€7F.l4957 o arXiv:0911.2;10 —
014 , CMSM, , CMSR,, o CMSincljet ] 014 , CMsM, , CMSR,, o CMSincljet ]
- | arXiv:1412.1633 arXiv:1304.7498 arXiv:1609.05331 i . L arXiv:1412.1633 arXiv:1304.7498 arXiv:1609.05331 ]
- ATLASR,, 4 TEEC7TeV o - ATLASR,, . ATEEC7TeV
- arXiv:1805.04691 arXiv:1508.01579 - - arXiv:1805.04691 arXiv:1508.01579 -
0.12- o TEEC8TeV | 0.12—- o ATEEC8TeV |

arXiv:1707.02562 arXiv:1707.02562
0 10‘_ e TEEC 13 TeV _‘ 0 10'_ e ATEEC 13 TeV _'
0.08— NNLO pQCD; MMHT 2014 (NNLO I — 0.08— NNLO pQCD; MMHT 2014 (NNLO) —
L o(m)=0.1175 fg’f;a: (TEEC Global) + - L —— o (m ) 0.1185 +0.0027 . (ATEEC Global) % -
0.06 \\\ ag(m,) = 0.1179 + 0.0009 (PDG 2022) — 0.06— \\\ og(m)=0.1179 + o 0009 (PDG 2022) —
B L L L L | L 1 1 1 L 1 L L I 1 1 7] C I 1 1 1 L 1 1 1 1 I a
102 10° 102 10°

Q [GeV] Q [GeV]

as(mz) TFEC = 0.1175 4 0.0006(exp.) 199934 (theo.)
as(mz)*TEEC = 0.1185 4 0.0009(exp.) 19992 (theo.)
» TEEC with better experimental precision, ATEEC with better theoretical one

» Good agreement with other measurements and RGE prediction (i.e. no new
coloured fermions)
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Inclusive jet production

CMS 33.5fb" (13 TeV)
g ' — 1 ' '

» Double-differential cross section
measured as a function of jet pr and
rapidity for anti-k; jets with R = 0.4, 0.7

Anti-k, (R =0.7) E
— CT14 NNLO ® NP ® EW ]

. lyl <0.5 (x 10°)
0.5<lyl<1.0 (x 107
1.0<lyl<1.5 (x10?
1.5 <lyl <2.0 (x 107

- > B

T

» Good experimental precision

d°c/dp_dy (pb/GeV)
3

» < 5% uncertainty in main measurement
region

. . ] ) steep spectrum

» Dominant uncertainty contributfion from ¥ ~8-9 orders of magnitude .

Jet Energy Scale (JES) q uptoaprof3Tev

100 200 300 1000 2000
CMS 33.5 b (13 TeV) Jetp, (GeV)
1.5<lyl<2.0

lyl <0.5
0.2}

-0.2 F Antik; (R=0.7)

— all uncorr. unc.

1000
Jet P, (GeV)

100 200 1000 100 200 1000 100 200 1000 100 200
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Inclusive jet production

CMS 33.5f" (13 TeV)
% 1.4} IyI<O.5I + 0.5<Iy|<1.IO |I 1.0<Iy|<1.5| I 1.5<lyl<2.0 I
. o
» Comparison to FO pQCD g 12} *+§
theory at NNLO and R ) AR e O B o et
a — =] — . == =T
NLO+NLL E 081 Anti-k, (R=0.7) B B! T ;f
= 3 Tot. exp. unc. -~ NLO PDF unc. HERAPDF2.0 — ABMP16
o 06f ¢ Data (stat unc.) + —NLOscaleunc. + —NNPDF31 1 — MMHT2014
» Corrections for NP and EW £ 100 200 1000 100 200 1000 100 200 1000 100 200 1000
o

Jet P, (GeV)

contributions added as well CMS 33.5 b (13 TeV)
ugé 1.4} lyl <0.5 I + 0.5<lyl< 1.IO |-- 1.0<lyl< 1.5I 15<lyl<2.0 I
. . [a
» Improved description of g 12| BN . Ui . .
data at NNLO and reduced & .} ++ PP A SR Tt SO iy
. 9 e == "'c';--
scale uncertainty 2 08} awcoon | _ i 4
2 [ Tot. exp. unc. -- NNLO PDF unc.
-(% 06} ¢ Data(statunc.) + —NNLOscaleunc. 1 —H; scale
CMS Simulation T 100 200 7000 100 200 7000 100 200 7000 100 200 7000
120 12— ‘ Jetp_ (GeV)
Pythia 8 CP1 Dittmaier, Huss, Speckner T
Herwig++ EE5C Anti-k; (R =0.7)

1s Siikos '\ » NNPDF3.1 and MMHT14 provide a better
""""" 1Densle data description wrt ABMP16 and
HERAPDF2.0

[ 15<lyl<20

» Some disagreement between global PDF
i Ew | ’ sets, especially in the high-p; region

100 200 300 100 200 300 1000 2000
Jet P, (GeV)




12/07/23 Francesco Giuli - francesco.giuli@cern.ch

Inclusive jet production

CMS SM NNLO Hessian uncertainties

» Determination of PDFs and ag at NNLO “’5100* W2 = m2
B f

>
as(mZ)NNLO =0.1166 (14)fit (7)model (4)scale (1)param. ; ol \ ] CMS 13 TeV jets + HERA
6 x% / ngor=1302 /1118 ; \\\ HERA

60

> With tt data: limits on Wilson
coefficients for four-quark contact
interactions 20

» Multiple coupling structures probed
» No significant deviations found

addition of CMS jet data

results in reduced gluon
PDF uncertainty at high x

Ll ! ! ||M L L1
7/7,

a0
f

Fract. uncert.

CMS SMEFT NLO 13 TeV jets & tt + HERA

+ 95% CL fit+model-+param. unc. : 10 10° 102 10"
A =50 TeV E X

— 68% CL fit+model+param. unc.

— 68% CL fit unc. only
Axial vector-like ... b @1

1.1— B fit unc. model unc. | param. unc.

Vector-like @i+
Left handed --------- e @ {111

—0 002 —0 0015 —0.001 —-0.0005

Fract. uncert.

0
¢,/ N> [TeV7]
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Dijets productio

> Double- and friple-differential cross Al 2 ' R
section measured as a function of dijet s O Prefiminary
invariant mass m, ; and rapidity of anti-k; ~ |.F™ ]
jetswith R=0.4, 0.8 °g L ]

C‘O 102__ .
» Disentangle regions of different Bjorkenx 3 . ;
carried by partons - PDF fits Sl e R o NP EW ]
R o.:::ﬁ:: o ﬁiaﬁi?
y* totf T e ]
F—— 20<lyl <25(x10 E
2.5 D 3D bins 107355 1000 2000 3000 10000
b . m, , (GeV)
P 2D bins
_ CMS Preliminary 29.6 fb-' (13 TeV)
E 1023 PPN 4 'I?ﬁé%ry (CT18 NNLO x NP x EW) -
s H‘—ﬁ__‘_‘;

0 05 1 1.5 2 25 Y

same X low x 500 1000 2000 5000

Diff. cross section
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Dijets production

» Comparison to FO theory predictions at NNLO + EW + NP

» Data generally well described by the theory
» Here R = 0.8 (similar agreement found for R = 0.4)

» MSHT20 (ABMP16) provides the best (worst) description of the data

38.5 6" (13 TeV) 4 CMS Preliminary 29.6 o' (13 TeV)
< T ~~ . [ T T T T T T LI | T ]
z [ CMS - -?2::.;:?{,:2_& - = - <4 Data + stat. unc. y*<0.5 7
Si - Preliminary NP uncertainty ] L 13F Total exp. unc. Y <0.5 ]
S 14r 7777/ PDF uncertainty 1 X O NP uncertainty .
X I _—— Scale uncertainty o - ~/72 PDF uncertainty a
@ L ABMP16 1 Z 1oL~ Scale uncertainty ]
5 1.2T - - -- MSHT20 . X ABMP16 -
= [ —— NNPDF3.1 . 1 0 L —-- MSHT20 .
9 —_—, — o ; 11— NNPDF3.1 /;
Z e ) / ] : :
z R R S T beldddclsdzz7 7 G o - ’
| = - ST
o L T e S 1 O 0= 7 e o195y
ie) i O A — = —_ s PP
DC:U 08 [ ] = __._ + &

A ] Z 09
& t | 2o -
o -
0.6 - = - 3D i
[ k. R=0.8 - 208 - =
- anti- =0. 1 = T . .
0.4L 15<W,, <20 1 & [ anti-kr (R=0.8) .
) . . P | . . . e 0.7 C I I I I I R R | I ]
300 1000 2000 3000 10000 200 500 1000 2000

my o (GeV) <PT>1,2 (GeV)
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Dijets production

» Determination of PDFs and ag at NNLO

» Larger as value wrt the one obtained when fitting the inclusive jet distributions

» Impact on the gluon PDF (and its uncertainty) mostly for Bjorken x > 0.1

» Pulls in different directions

CMS Preliminary

7zZZZ. HERA DIS =
HERA DIS + CMS 13 TeV dijets (2D)

as(mZ)ZD = 0.1201 (12)ﬁt (8)model (8)scale (S)param.

b 2/ Ngor = 1283 /1094 _

1
oC 09

T.; 1.0 ——
o 09 scale unc. M param. unc.

o .
g 1.1+ B fit unc. 1 model unc.

10~

10-3 1072 10~

CMS Preliminary

120 —

100 |~

zz7zZ. HERA DIS -
HERA DIS + CMS 13 TeV dijets (3D)

as(mZ)3D= 0.1201 (1O)fit (8)model (5)scale (G)param.

b X2 / Nyos = 1557 / 1167

3]
S RE SN

= >
o 0.9 scale unc. M param. unc.

fit unc. [T model unc.

10~

10-8 10-2 10~
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Conclusion

SM continues to be a successful theory under immense inspection with
unprecedented precision from LHC

No significant tension from the state of art predictions with aN4LL+N3LO
accuracy

Most precise determination of ag for Z pr at 8 TeV in full lepton phase space
Extracted as(Q) from (A)TEEC in good agreement with RGE predictions

Many measurements from CMS at /s = 13 TeV, targeting wide variety of jet
observables

Improved precision and extended kinematic reach beneficial for:
» Determination of ag(m;) and PDFs
» Probes of extensions to the SM in EFT

> Improvement of MC generator modelling and perturbative and non-perturbative
effects

Really inferesting time ahead... STAY TUNED! ©
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Z p; and rapidity at 8 TeV
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interpretations

» Stringent test of the state-of-art pQCD g Ogi_'A'TLA's's}r'nu@t'.ér'\ braimimary —elecc 3
G F 8TeV,20.2fb" — §

> Probe large rapidity/small parton > 0-8F ::gf E
momentum fraction x using forward g O7F E
electrons g % E

g 0.5 -

> Unique full lepton phase space = g;: E
rapidity cross section with per-mille 0'25_ -
total uncertainties to provide a ot
gateway to arich field of precise NS e N .E

lyl

* eecc: two electrons with pr > 20 GeV
and || < 2.4
e Upcc: two muons with pr > 20 GeV

and [n] < 2.4
* eecy: central electron with p > 20 GeV

and |7 | < 2.4 forward electron with
pr> 20 GeVand 2.5 < || <49
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Z pT and rapidity ai 8 TeV

do dig e ( Z(l) \
dpdq — dprdydm <1+COS 0+12;A ity ¢)) Zz
> do/dpr = Transverse dynamics g‘;

» do/dy = longitudinal dynamics (PDFs) K gﬁ )
8

-1 8 06 04 02 0 02 04 06 08 1

> Depends on 3 “boson production” Continous s Quantized
variables (pr, Y, m) and 2 angular decay _
variables (cos 6, ¢) > Measgrlng the A; 2> @ .
quantized representation of
» Decomposition of (cos 8, ¢) into 9 helicity fhe (cos 8, ¢) kinematic
Cross sections - basis of spherical space
harmonics
, > Very powerful: trade
Expected Yield . ..
Reco (p,%y%m?, cos, ¢) bin Nan Cross section %i%l;grour;d template SYSTemOhCS fOI’ STOT'ST'CS
N2 (A, 0,0) { Z Lo; !fgj +ZA,31‘{‘7 ]}7" +Y @O
=0 A B . .
Truth (p,%y%m?) bin Angular coefficient Templated polynomial > Very UserI prOVIde

analyfic extrapolation of
lepton cuts and enables a
richer interpretation
programme

> Likelihood defined in 22528 (cos @, ¢, pr) bins

» Pol: 8 A; + 1 cross sectionin 176 (pr, y) bins
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Z p; and rapidity at 8 TeV

ATLAS Preliminary & ;12-_ |y|<04 ' %1_2'_ I0.4<|y| <|0.8 ]
> Per mille level precision in the central  waew £

s
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E= pyTurbo 0.8 4 ogk —

100 08<lyl<1.2 ] 191 12<lyl<16 ]

» First comparison to N3LO QCD + NLO EW L .
predictions (DYTurbo + ReneSANCe)  ieweao ] zoapi<as

» Sub-percent precisionup to |y| <3.6
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Talking about inclusive jets

» Different model to treat correlated systematics: EPJ C82 (2022) 5, 438

» keeping them fully correlated
» decorrelating the Jets Flavour Response (FR) between rapidity bins
» Two decorrelation scenarios as recommended in the & TeV el paper

> This affects the y? but has little effect on the PDFs
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https://arxiv.org/abs/1706.03192
https://link.springer.com/article/10.1140/epjc/s10052-022-10217-z

