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Reminder

e PID groups are in the process of implementing their original ‘stand-alone’
simulation and reconstruction software in EICrecon

* Process takes time and might not be fully completed (and tested) in time for
the simulation needed for the TDR

* Only way out is to handle the reconstruction/simulations externally and
create lookup tables for the TDR analyses

Summary of discussion among PID & S&C & many more

1. The PID lookup mechanism is a temporary patch, while the long-term goal is the job of
developing a full PID reconstruction as part of EICrecon. The goal of the PID lookup
mechanism to provide a first order approximation to make possible the usage of PID
information in the analysis and physics studies in the short-term perspective.

2. The PID lookup mechanism will be integrated in EICrecon. The respective 'factory' and
data structures are already or will be made available by the S&C group.



Reminder (continued)

3. The S&C group will create an example for the DSCs to guide their specific efforts
4. The PID info is to be created as a function of the following kinematic variables: p (GeV), n, ¢ (rad),

g; with g either +1 or -1 depending on the charge of the particle. The variables are defined at the

vertex.

1. Comment: To define the kinematics at the vertex is easier to implement than at the entry point to the PID system.
One would need additional xyz positions to implement the 7,0 dependence.

5. The particles range to cover are: x, K, p, e, null; here 'null' means that no PID information is

available; this is rather implementation specific and the easiest approach should be chosen by the
implementer.

6. The DSCs have to provide weights/probabilities of the form: Pij(p, n, ¢, Q) where i is the generated
particle type (7, K, p, €) and j is the hypothesis where j is one of 7, K, p, e of course.

1. Comments: as of now, the P is meant as a normalized probability, meaning Sum_over_j(Pij) = 1
2. Comments: Further details to be given by the PID system. Any algorithm needs to be based on the detailed
information of the detector system.

7. We will have to generate a random number according to the given Ps for a given | to make the final
decision. This should be integrated into EICrecon.

8. A decision quality parameter was suggested to be provided along the PID result. While easily

envisioned it is not at all straightforward to do in a statistically meaningful way. Possible addition at a
later point.






LUT PID for hpDIRC

Cherenkov track resolution [mrad]

expected Cherenkov angle

/K separation power [s.d.]

Based on Cherenkov track resolution map obtained by using the full standalone Geant4 simulation and reconstruction
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LUT PID for hpDIRC

The LUT in ASCII:

pi/e efficiency map
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LUT PID for hpDIRC

Example of threshold mode

Require more than 5
detected photons for
robust PID

m) positive ID for pions
over whole phase
space @ 0.45 GeV/c

m) positive ID for pions
over large part of phase
space @ 0.5 GeV/c

Fine binning in angle and momentum needed to deal with rapid changes in photon yield
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PpfRICH LUT Status

Track Cherenkov Angle Width (pi+, Mom = 7 GeV, Uniform Phi)

* Initial set of pfRICH tables (7/K/p and e/z/K/p) submitted on : —
3/12 —
» 4 7 bins [-3.5,-3.0], [-3.0,-2.8], [-2.8,-2.0], [-2.0,-1.5] al
» 25 momentum bins [0.05, 0.1], [0.1, 1.0] in 0.1 steps, and [1.0, § He T
15.0] in 1.0 steps S
» Require > 5 Cherenkov photons to report a PID determination -
(p > 0.7, 3.0, and 5.0 for pions, kaons, and protons, respectively) 16 |
e Strategy: start simple and then refine . | | | | |
» For March: provide probabilities based on track level Cherenkov ooz Es 3 s
angle resolutions (a la ATHENA) Number of Photons (-2.8 < eta < -2.0)
» Neglect B-field, charge dependence, ¢ dependence, vertex S S —— R SR R
smearing, and track resolution (do spot checks of B-field and S v
track resolution to get an idea of importance) I B
» Add these effects in subsequent iterations & i
* Next Steps: [ e o
» Add neglected effects § || [ [ sesmeoeeme
, Estimate background effects | e —
» Obtain probabilities directly from reconstruction e TRy
Particle Momentum 9



Next Steps

e For the next iteration of LUTs, we want

to move away from track level R
Cherenkov angle resolutions and T neemLe
utilize the full (stand alone) reco :
machinery :
» More robust migration matrix E
» More control over detected photon a | “ ) {
count and sub-threshold cases 1 ‘ “
e Next iterations will include B-Field, "0 B 1m0 10 20 =0 xo 0

charge dependence, vertex and

momentum smearing, and phi
dependence to-
* Need to decide on phi binning scheme °
» Mostly constant response in phi with -
localized regions of inefficiency ol o | '
» What is easier for software and e -zspmi0e
infrastructure to handle — variable S =k et
sized phi bins, or large number of BT R

bins?
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dRICH LUTs

* dRICH simulations are running within ePIC
framework

o LUT still needed since EICrecon is not able
to handle all complex event structure yet

e Generation of LUTs Is therefore more time
consuming than stand-alone app

* Present LUTs are preliminary tables
» Nominal aerogel (not yet optimized)
» Nominal dRICH geometry

» No noise (expected negligible at beginning of
ePIC and for gas)

» Only 3 eta bins
» Averaged on phi (azimuth)
» One file for e/t and one for Ti/k/p

e LUTs will be refined while the full eplC
simulation/analysis chain is commissioned

Using Delphes to create LUTs (thanks to Brian)
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Hadron ldentification
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Electron Separation

Aerogel
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TOF Lookup Table

e Assume 35ps (25ps) sensor + R/O resolution in barrel (endcap)
» Additional 20ps to resolution added in quadrature (conservative)

e TOF is symmetric (enough) in ¢, charge

e 17 binsin 6 [2.5, 154.6] deg
» Nicely covers gap between forward and barrel with single empty bin

e 20 bins in p: [0, 6] GeV/c

» Covers most relevant momentum range
» Omits slight curve in lower momentum acceptance in TOF barrel, but good enough for now

TOF, true kaons 1.0 TOF, true pions, 8 = 91.22 deg
— pi > e

081 \
\ pi = pi
— pi = K

104.
—— pi=>p

103.

102 .

101.

100 120 140

100 120 140 160
20 40 60 80
6 [deg]

0 20 40 60 80
6 [deg]
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Summary

e All PID DSCs have LUT submitted
» hpDIRC has also threshold mode included

» PfRICH submitted initial set of LUT but will continue to add more effects

» dRICH has very basic LUTs produced that will be refined while the full ePIC
physics analysis chain becomes more realistic with more features added

» ToF submitted LUTs, room for improvements

* Next
» Next simulation campaign will only use LUT partially
» Looking forward to feedback from Physics PWG (important)

» PID DSCs plan to further refine tables also depends on the level of
implementation in EICrecon

17



Backup Slides

| \\\




TOF Reconstruction Recap |

e ePIC tracking measures momentum and track length
» Enables calculation of expected mean hit times of various particle species

p = 1.00 GeV/c, path = 1.00 m, resolution = 0.04 ns

12
— electron TOF calc.
- pion TOF calc.
10 —— kaon TOF calc.

— proton TOF calc.

probability density [a.u.]
(@)

3.0 3.5 4.0 4.5 5.0 5.5
Time of flight [ns]



TOF Reconstruction Recap |l

e ePIC tracking measures momentum and track length
» Enables calculation of expected mean hit times of various particle species

* Apply expected distribution based on resolutions: yields PDF for each

12 p = 1.00 GeV/c, path = 1.00 m, resolution = 0.04 ns
electron TOF PDF
pion TOF PDF

o kaon TOF PDF

— proton TOF PDF
S
© 8-
>
@
c
3 6
o>
E
2 4
O
Q.
2.
0 ' : , , ' '
3.0 3.5 4.0 4.5 5.0 5.5

Time of flight [ns]



TOF Reconstruction Recap ||

ePIC tracking measures momentum and track length
e Enables calculation of expected mean hit times of various particle species

e Apply expected distribution based on resolutions: yields PDF for each species

TOF system measures hit fime
e Comparison with PDFs yields likelihood and thus reconstruction probability

probability density [a.u.]

12

10 1

p = 1.00 GeV/c, path = 1.00 m, resolution = 0.04 ns

' electron TOF PDF
pion TOF PDF
kaon TOF PDF
proton TOF PDF

- == measured TOF

3.0 3.5 4.0 4.5 5.0 5.5
Time of flight [ns]

L(e): 2.52

LL(e): 0.92

L(pi): 6.88

LL(pi): 1.93

L(K): 0.00

LL(K): -28.7

L(p): 0.00

LL(p): -419

Prob(pi) = L(pi)/ (sum(L)) = 72.3%
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TOF Reconstruction Recap |1V

ePIC tracking measures momentum and track length

e Enables calculation of expected mean hit times of various particle species

* Apply expected distribution based on resolutions: yields PDF for each species
TOF system measures hit time

e Comparison with PDFs yields likelihood and thus reconstruction probability

probability density [a.u.]
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10 1

p = 4.00 GeV/c, path = 1.00 m, resolution = 0.04 ns

3.0

3.2

3.4

electron TOF PDF
pion TOF PDF
kaon TOF PDF
proton TOF PDF

- measured TOF

3.6 3.8
Time of flight [ns]

4.0 4.2 4.4

e L(e): 2.52
- LL(e): 0.92
. L(pi): 2.74
~  LL(pi): 1.01
. L(K): 5.84
— LL(K): 1.77
. L(p): 8.31
~  LL(p): 2.12
* Prob(pi) = L(pi)/ (sum(L))
=14.1%
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TOF pi/K Standalone Separation

3.5
—e— Barrel TOF —— /K 0y = 25ps ePIC Simulation
3.0 —=— Endcap TOF  ----- /K o = 35ps Single Particle
......... n/K Or = SOpS
l——l""~r”-’*~.,—-‘-~l---t”.
g 20" N - = l.....,.........._,,,.,__.._._..
v
S
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Q
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0.0 0 1 > 3
N
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