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From the available information to the observable

Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering (DIS).
e (k)
e (k)

1  Reconstruction of DIS variables %"

\\ / p(P) % X

Various methods exist:
» Using the information from the scattered lepton only (electron method).

> Using the information from all final-state particles but the scattered lepton (Jacquet-Blondel method):
useful when the scattered lepton is not detected.
> Using information from all final-state particles and the scattered lepton

(Double-angle method, 2 method):
Provides better resolution than the electron method in some kinematic region (at low )
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Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering (DIS).

Q/ Reconstruction of DIS variables

Resolution in y

18 GeV e~ on 275 GeV p Colo.ur indicates meth.od
providing best resolution.

Best Reconstruction Method for y

Electron Method
¥ Method o O

y Resolution




From the available information to the observable

Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering (DIS).

1  Reconstruction of DIS variables — electron method (requires PID for electron)

N
Q2= _q2= _(k_k/)Z
Q2

Xp = (Bjorken-x)
5op. q

_ Pq relcs)’:?‘_gpne Ee_Eé
Pk E

€

(inelasticity)

Y

W2 = (P + q)2 — mlg — Q2 + 2P - ¢g (photon-proton centre-of-mass energy)
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Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

@ Selection of DIS events

Q2 > 1 GeV? selection of DIS regime
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From the available information to the observable

Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

@ Selection of DIS events

W. Bartel et al.,

remove events with degraded 0.01
momentum resolution -
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Phys. Lett. B 28 (1968) 148.

0% > 1 GeV?

W2 > 10 GeV?

selection of DIS regime

<y < 0.95 limit contributions from QED radiation

avoid region dominated by
baryon-resonance production
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Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

@ Selection requirements specific to process under study
e

— ﬁﬁrﬁv

A

pup

GPDs

> signal in electromagnetic calorimeter

> absence of reconstructed track linked to
cluster of electromagnetic calorimeter

> potentially: detection of proton in far-forward system

> exclusivity cuts (e.g. cuts on mass from scattered proton
reconstructed from information from the other particles)
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Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

@ Selection requirements specific to process under study
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From the available information to the observable

Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

@ Selection requirements specific to process under study
e

— 4(;””
R

A

g

GPDs
P P
>signhal in electromagnetic calorimeter > select additional charged particles
»absence of reconstructed track linked to > collect information on their PID (weight).
cluster of electromagnetic calorimeter - assign additional kinematic cuts (e.g. on 2)
> potentially: detection of proton in far-forward system Some selection criteria are motivated
»exclusivity cuts (e.g. cuts on mass from scattered proton by physics requirements; others are

reconstructed from information from the other particles) motivated by detector limitations.
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From the available information to the observable

Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

@ Count number of events corresponding to selected process

> N in bins of Xp,; Qz, other kinematic variables

If polarisation dependent, take into account (relative) spin orientation - N T, NV

5  Corrections

N

for »tracking efficiency
> selection efficiency
> corrections for limited resolution
> corrections for limited detector acceptance
> background corrections:
correct for contamination from processes other than that under study

>



On the importance of accounting for physics and detector effects
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On the importance of accounting for physics and detector effects @ ®
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On the importance of accounting for physics and detector effects @ @

T

<COS(2¢h)>Born (]) <COS(2¢h)>meas (Z)
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On the importance of accounting for physics and detector effects @ @

T

TR =
K

QED radiate effects %

(d)
limited geometric and kinematic acceptance of detector

limited detector resolution
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On the importance of accounting for physics and detector effects

Fully differential analysis
Unfolding in 400 x 12 bins

BINNING
400 kinematic bins x 12 ¢-bins

Variable Bin limits

X 0.042 0.078 0.145

0.45 0.6 0.7

0.3 0.45 0.6

y
Z
P, 0.2 0.35 0.5

atector
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Constructing an unfolding matrix

GEANT: transportation of

particles through detector Collection of hits with
Generate events »With simulation of detector » energy deposition
response to passage of timing information

particles




Constructing an unfolding matrix

Collection of hits with /

> energy deposition

timing information —

(Generate events




Constructing an unfolding matrix

GEANT: transportation of Particletinformation
. momentum
particles through detector Collection of hits with / eneray
Generate events »With simulation of detector > energy deposition » primary/secondary vertex
response to passage of timing information  ——_ oID
particles

Apply selection requirements and count the number
of events NN (in bins of kinematic variables)



Example of an unfolding matrix
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Example of an unfolding matrix

(@) — s
(D) — .
Hypotzhetical binning in LZ 350:_ y -- & IBOOOO
Xg, 07 and z. £ }
(D) | e
5 300 —{70000
S -
© - —60000
S 250_—
g - —150000
8 200_—
5 F —40000
5 150
= - —130000
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= 100
_ s 20000
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0 50 100 150 200 250 300 350
Number of generated events N gen
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07 bin 1,
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Z bin 1

Number of generated events in
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Q2 bin 1,

Z bin 1

and number of reconstructed events in
Xp bin 1,

07 bin 1,

Z bin 1



Example of an unfolding matrix

Number of generated events in

Xp bin 1,

07 bin 1,

Z bin 1

and number of reconstructed events in

Xp bin 2,

A
bin 1,
o m
Z bin 1
Number of generated events in

Number of generated events in X bin 2,
Xp bin 1, 02 bin 1
Q” bin 1, Z bin 1
Z bin 1 and number of reconstructed events in
and number of reconstructed events in xg bin 1,
Xp bin 1, O? bin 1
Q” bin 1, Z bin 1

Z bin 1



Example of an unfolding matrix

Number of generated events in
Xp bin 1,

07 bin 1,

Z bin 1

and number of reconstructed events in
Xp bin 1,
sznz
Zbin 1

Number of generated events in

Xp bin 1,
Q2 bin 1, |
Z bin 1
and number of reconstructed events in
Xp bin 2,
A
bin 1,
o -
Z bin 1
Number of generated events in
Number of generated events in X bin 2,
Xp bin 1, 02 bin 1
Q* bin 1, Z bin 1
Z bin 1 and number of reconstructed events in
and number of reconstructed events in xg bin 1,
Xp bin 1, O? bin 1
O bin 1, Z bin 1

Z bin 1



Example of an unfolding matrix

Number of generated events in
Xp bin 1,

07 bin 1,

Z bin 1

and number of reconstructed events in
Xp bin 1,
sznz
Z bin 1

Number of generated events in

Xp bin 1,
07 bin 1, |
Z bin 1
and number of reconstructed events in
Xp bin 2,
07 bin 1,
Z bin 1 -
For each bin in x Q2 . o d | Number of generated events in
B> ,» &« COITESPONGENCE | Number of generated events in X bin 2,
between number of reconstructed and generated ’gzbt';‘ 11’ Q? bin 1,
: o int, z bin 1
events is now known — can correct for finite ;opin 1 and number of reconstructed events in
detector resolution, acceptance effects and QED i”iir;“;“ber of reconstructed events in Xp bin 1,
C . B ) (- bin 1,
radiation Q2 bin 1, 7 bin 1

Z bin 1



Example of difference between generated and reconstructed observable at ePIC

Helicity asymmetry
uncertainties

1

<
£ O 0.05 <z < 0.10 - 0.15<2<0.20 - 0.30 <z <0.40
© OF — -
o i
O
S -t
oo |
i 0008
0.5 soonnd - | woe B

wt 5x41 GeV?

10'_ 0.60<z<0.70 ‘_ '_ >~ 10 fo
L @ stat. unc. e 1.00<Q%<1.78
::i total unc. L e 3.16<Q%<5.62
2% pol. unc. : )
i o 10<Q°<17.8
0.5 — e  31.6<Q°<56.2

® 100<Q?<177

® 316<Q°<562
® 1000<Q%<10000

4 3 2 4 3 2 4 3 2

11 Iog(xB)



Example of correction for background contribution

p(A)

J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002
N || || || || I || || || || I || || || I ||
0 4500 a JHEP 10 (2018) 167

> 4000 LHCDb — - Signal > fit with exponential
o e Inelastic bkg ]

Feed-down bkg shape from data

I
rrni
—

LI
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Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.
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Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

0  Construction of observable
NG

d3 > Ncorrected

dxndQ2dz  AxpAQ’A7Z o
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From the available information to the observable

Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

0  Construction of observable
NG

Number of events after unfolding
d3 5 Ncorrected and additional corrections

dxgp dQ? dz B AxpAQ*Az Lot
Width of bins x5, 2, z
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From the available information to the observable

Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

0  Construction of observable
NG

Number of events after unfolding
d3 5 Ncorrected and additional corrections

dxn,dQ%d;  AxpAQA7Lron

Width of bins xz, 02, z Integrated luminosity
for analysed data sample
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From the available information to the observable

Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

0  Construction of observable
NG

Number of events after unfolding
d3 5 Ncorrected and additional corrections

dxn,dQ%d;  AxpAQA7Lron

Width of bins xz, 02, z Integrated luminosity
for analysed data sample

[  Evaluation of statistical uncertainty
N

corrected 2 :
~ \/ N or Z ws  (w= weight)
event i

13



From the available information to the observable

Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

\8/ Evaluation of all the systematic uncertainties
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From the available information to the observable

Common observables: cross sections or asymmetries of a specific process in deep-inelastic scattering.

- 8  Evaluation of all the systematic uncertainties
N > applied efficiency corrections
> unfolding procedure

> background evaluation
> luminosity determination

» PID determination

>

long list

Commonly used procedure:
> Evaluation of alternative method to apply specific correction.

> Extract the observable again.
> Difference between two methods = systematic uncertainty.

14



To end

* The extraction of the raw signal is straight-forward.
* The evaluation of all necessary corrections and all systematic uncertainties
constitutes the core of the analysis.

> Methods to evaluate the corrections and systematic uncertainties are based on a
mix of simulation and experimental data.

> The applied corrections and evaluation of the systematic uncertainties cannot
depend on physics models!
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