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Data analysis in High Energy Physics

Today: I'll only have time to cover two topics:

Reconstruction and Unfolding



Part |: Reconstruction




Reconstruction

Inclusive DIS; not jets per se, but critical for all jet studies
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2110.05505; see also 2108.11638



DIS Reco with simple NN

H1 full simulation
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DIS Reco with simple NN

H1 full simulation

All events All events All events
£0.25 T — £0.25 1 £0.25
Yo - —~ RAPGAP | - S5 - —~ RAPGAP | - O - —~ RAPGAP | -
Z 02F -+ DJANGOH || ~ 0.2 -+ DJANGOH || ~ 0.2 - DJANGOH | -
(o\] C ] B ] B ]
Co.15¢
Cé) -
0.1
o -
0.05
O: A A A | A A A | A A A | A A A . 0: A A A | A A A | A A A | A A L] O: A A A | A A A | A A A | A A L]
0 0.2 04 0.6 0.8 0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
Geny Geny Geny
] qAII events 1 qAII events 1 4-\II events
5 g i | ~ RAPGAP | ] >% ' ; | —~ RAPGAP | | X% ' ; | ~ RAPGAP | ]
g - DJANGOH | - DJANGOH | - - DJANGOH |
>~ 1.05} il 1 3, 1.05 il < 1.05} il ]
9 1< c | |
% | e 8 8 1 -
o} - 1 =2 - = - )
= 095 . 095 . 0.95+ .
0.9 0.9 0Qb ]
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
Geny Geny Geny

Holds up to model variations!

2110.05505; see also 2108.11638



Reconstruction - word of caution!

All of the methods studied so far for DIS are of
the form: predict true from measured via mean-
squared error (or similar)

Claim: this is prior dependent !



What goes wrong?

Suppose you have some features x and you want to predict .

One way to do this is to find an f that
minimizes the mean squared error (MSE):

S = afgmiﬂg Zi(g(ﬂfz‘) — %)2
Then, f(x) = E[ylX].

Why is this a problem?



What goes wrong?

Suppose you have some features x and you want to predict .

f(x) = Elylz] = | dyyp(y|z)

E[f(ZE) |y] — f dCB dy/ y/ Ptrain (y/ ‘x) Ptest ($\y)

th|S ﬂeed ﬂOt be yeveﬂ |f ,Oz‘ra/'n — ,Oz‘est (')

Why is this a problem?



Gaussian Example

Simulation-Based Gaussian Example
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Gaussian Example

Simulation-Based Gaussian Example Simulation-Based Gaussian Example
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Gaussian Example

Simulation-Base
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Collider
Example

EXPERIMENT

Run: 302347
Event: 753275626
2016-06-18 18:41:48 CEST



Collider Example
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Collider Example

Simulation-Based Dijets Example Simulation-Based Dijets Example
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Collider Example

Can do high-dimensional regression in this framework

Distributions for Gen pr € [695, 705] GeV
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PFN-ID: process all particles inside jets 2205.03413



Part |I: Unfolding
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Tailored

Reco for Unfolding

Normalized response matrix, electron

Unfolded distribution, electron

Correlation coefficients, electron

Generator model systematic, electron
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Full Phase via OmniFold

Detector-level

Particle-level
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1911.09107; see other methods in 2109.13243




R

@® H1 Data

O Pyrma g3
DiAaNGoOH
RApGAP

| | | |

¥ o

[@]
o

—&—

A CASCADE set 1
V Cascape set 2
NNLO & NP

| | |

Mm-22-031

H1 Preliminary _

150 < Q*/GeV? < 237
02 <y <07
K> 10 GeV
kr,R=1.0

1 I 1 1
g P> Q%> 150 GeV? 1
- 02<y<07 1
P> 10 GeV
- - g br.R=10
~ = n
o) - ]
= i i
s i % ]
B 103 =
— u %[é .
| @ Data RAPCGAP ]
L [0 PyTmia 8.3 A CASCADE set 1 .
104k P> Herwic 7.2 V CASCADE set 2 _
- <> Diancon + NNLO & NP E
T ! ! ! ! ! |
artificial horizontal marker offsets added for clarity
c@ 1.5 1 I 1 1 1 1 T
£ 0 ]
A i mﬂ ]
~1.0 ﬂH” -
CEN .
S i ]
= .50——

10t

H1prelim-22-034

0

1

artificial horizontal marker offsets added for clarity

1 | m T

1 | 1

':'_AE‘AF.:

i -

y

1/0 do/dA

(6)]
o O

o

Rel. diff. [%)]
a g

o
S o

[T | i i i | 1 N N
- @

i Rapgap <1 Pythia + Vincia

j g Djangoh > Pythla + Dire 0.2¢ y < 0.7

Herwig [ Total unc. pjTet 510 GeV
= kr,R=1.0

Data A Pythia H1 Preliminary ]
360 < Q2 < 866 GeV2 _|

| | Ll | Ll | Ll | Ll | Ll | Ll | Ll | Ll

08 -0.6 -04 -02 00 02 04 06 08
Jet Charge (A})


https://www-h1.desy.de/psfiles/confpap/ICHEP2022/H1prelim-22-031.pdf
https://www-h1.desy.de/psfiles/confpap/DIS2022/H1prelim-22-034.pdf

Conclusions and Outlook

Al/ML has a great potential to
enhance reconstruction and
analysis at a future ep collider

We can take advantage of developments from pp and
already start exploring applications at HERA/EIC
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