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Method #1 [2, 3, 4, 5, 6] Method #2 [4, 5, 7, 8, 6]

m Take a fixed PDF set and fit oy m Fit both PDFs and a4 simultaneously

m Repeat with PDF variations m Follow the HERAPDF2.0 prescription
with xFitter [9, 10]

m Take ratios of cross sections to reduce systematic effects [2, 6].

m Or exploit the jet substructure [11].
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Refs. Vs ‘ value fit unc. PDF unc. scale unc. other unc. ‘ PDF order
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. N —
NP
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. N———
NP
. P +0.0019 +0.0002 +0.0000 +0.0022
2D inclusive jet [5] 8TeV | 0.1185 00021 00015 —0.0004 00018 — NLO
N N —
model 8333102 0.0026
3D dijet mass [15] 8TeV | 0.1199 +0.0015 +0.0002 190062 +0.0026 — NLO
\ﬂ/—’_\,_,
model param
2D inclusive jet [8] 13TeV | 0.1166 +0.0014 £0.0007 £0.0001  £0.0004 — NNLO
N—— N——
model param
2D & 3D dijet mass [6] 13 TeV | 0.1181 +0.0013 £0.0006 £0.0002  =0.0009 — NNLO
N N
model param
Rpg [6] 13TeV | 0.1177 +0.0013 +0.0010 £0.0020  T5-911%  +£0.0011+£0.0003 | NNPDF3.1  NLO
N—— —— : N——— N——
10.0014 40.0023 NNPDF3.1  choice 10.0030 NP EW
EEC in jets [11] 13TeV | 0.1229 T3 (012 ~0 0036 T 0.0033 — aNNLL
Nm—— N——
stat syst

aPPC2023(py) = 0.1180 4 0.0009

Whenever several values are given for a reference,
only one value has been reported.
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Lessons

From our past publications

legere @ No tension observed with world average
— a direct comparison is tricky, because of subtle correlations and differences among

conventions and strategies.

® Ratios have smaller uncertainties than differential cross sections
— it would be ideal if one would combine them.

©® Model & NP uncertainties matter
— not Gaussian + no clear prescription on how to handle them.

@ Determinations at NNLO are dominated by the fit uncertainties

— large (although not exclusive) contribution from experimental uncertainties.




Possible ways forward Prospects

m Explore new observables

— e.g. novel cross section ratios

m Combine existing measurements
— e.g. vector boson, jet, tt

Prospects

m Improve calibration
— work in progress
m Perform measurements

simultaneously
— see dedicated CMS note [16]
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— statistical correlations in off-diagonal blocks
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m The CMS Collaboration has
provided numerous determinations
of the strong coupling.

m With the advent of predictions at
NNLO, the fit uncertainty has
become dominant.

m Prospects have been discussed, in
particular simultaneous
measurements.

m Two more papers have just been
accepted for publication [11, 6].
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Inclusive jet
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Energy correlators
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Energy correlators
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Motivation

Limitations of the current strategy

@ Model dependence & uncertainties

— no clear procedure + various

approaches

Backgrounds
— even the inclusive jet production is

sensitive to backgrounds

Subtle differences among analyses
— e.g. choice of unfolding procedure,
choice of initial model in QCD

interpretation

Measurements based on the same
data cannot be used in the same fit
— e.g. dijet mass and inclusive jet p1
with CMS 2016 data

— Follow and extend H1 approach [17]

Bin trijet

Bin dijet

Bin inclusive jet

Motivation

Statistical correlations
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Data reduction in a nutshell

@ Apply a common selection to real and simulated
samples.

@ Calibrate the samples.

® Use simulated samples to construct a migration
matrix.

Reminder

@ Invert this migration matrix and apply to real
data (unfolding).

Unfolding

Ax =y

x (unknown) unbiased measurement

y biased measurement

A migration matrix

Reminder

Typical analysis strategy

2000

T

1000

True Jet p_ (GeV)

200

CMS Simulation
Iyl <05
Vs=7TeV
anti-k; R=0.7

I0A7

—0.6

0.5

0.4

0.3

0.2

0.1

Measured Jet P, (GeV)

In principle, the order and nature of the bins are irrelevant.
— One can always map a (series of) distribution(s) onto a 1D vector y.

. . Jo
200 300 1000 2000 0



Reminder

Data reduction in a nutshell Reminder

@ Apply a common selection to real and simulated Typical analysis strategy
CMS Simulation
samples. <

3 2000f ¥FI<0s  Jos<yFi<i0
2 1000

@ Calibrate the samples. g omeeo?

N Probabilty matrix
= 200 congiion: 3.8

® Use simulated samples to construct a migration
matrix.

@ Invert this migration matrix and apply to real
data (unfolding).

Unfolding

Ax =y

0T>1,M>50 { ST>1.A>0T 102>l,A>5T. 152>

x (unknown) unbiased measurement

y biased measurement

5051,

A migration matrix

In principle, the order and nature of the bins are irrelevant.
— One can always map a (series of) distribution(s) onto a 1D vector y.
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Example
Migrations
CMS Simulation Preliminary 13 TeV
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CMS Simulation Preliminary 13 TeV

3 : P
gml 1 1 I N Example
= 400 7 :
S ol A i Pre-unfolding correlations
s & & £ - 0.6
S 1000 S1 4 L 4 4
Bl ey Sany i snas Rra Son A Ml From the real data
2000 / B
o 3 / v ; ; 02 m Off-diagonal entries within the lower 4 x 4
g 2000 1 1 t ] i o block describe the statistical correlations
< m 4 among the kinematic bins of inclusive jet
Example €30 L 02 (multi-count observable).
i o J 04 m Off-diagonal entries in the 4 X 3 and 3 x 4
1% 3 3 : / [P 06 blocks describe the statistical correlations
2§§§ ‘ ‘ ‘ ‘ ‘ i among the bins of the respective
1000 3 3 ] [ o8 observables.
200
10%00 1000100 1000100 1000100 1000 1000 1000 1000 -1

pY(Yy) (GeV) HE3/2(n) (Gev)

For the present exercise: simple least-square minimisation

x2 = mxin [(Ax —y)7 Vy_1 (Ax — y)]

V, covariance matrix from biased measurement




Su |t (unless regularisation is needed) Exam ple

_ Ty 1AV 1 ATy -1
SIS N ANy Post-unfolding correlations
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Y From the simulated data

CMS Simulation Preliminary 13 Tev m With infinitely large statistics, one can use
independent statistical samples to
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From Hry spectra to R;; Example

m Goal is to extract z = f(x) and its Final correlations
correlations.

m Apply a rotation R to diagonalise Vx and CMS Simulation Preliminary 13 TeV
generate N events zy,: 2 2000 A
€ 1000 E: 4 1
= 40 i 1 d ¥ ¢
/ N . A
Oni NN'(O, \/max(o,ki)) N e ] ] 7
Example 400 ! 5
—1g7 t t t ¢ -
Zy, = f(x +R Jn) 2000
1000
m Under the Gaussian hypothesis, the a0 ¢
covariance may be obtained using the E 1060
formula given on the last slices. s %
&5
200
100 &
2000 3
1000
We now have two observables with 20 :
- . - . 2000 =
distinct properties obtained from the 000
200
same data- 100100 1000100 1000100 1000100 1000 1000 1000 1000
— R;j offers additional control on a. P70) (Gev) HEI2() (GeV)




aNNLL

CMs

EEC

FO

H1

approx. Next to Next to Leading Logarithm.

20, 21

Compact Muon Solenoid. 3, 4, 29, 30, 32,
33, 39

energy-energy correlators. 23-27
fixed order. 5-8

HERA-1. 39

LHC

NLO
NNLO

NP

PDF
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Acronyms |

Large Hadron Collider. 3, 4

Next to Leading Order. 10-13, 16, 20, 21

Next to Next to Leading Order. 12-15, 17,
28, 32, 33
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Parton Distribution Function. 5-8, 23-27

Quantum Chromodynamics. 39
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