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Recap

From Dec. 2023 meeting

Received IR beam pipe drawings
from Charlie Hetzel
Adjusted the eic-shell modeling

Next steps and missing ingredients

Simulation improvements a/
[ The IR beam pipe modeling in eic-shell must be improved to fit the SR hits distribution that

follows the actual vacuum beam pipe structure.

1 Beam tails should be clarified. [Who can be contacted for details?]
O Implement the detector solenoid magnetic field. ho can be contacted for details?]

[Who can be contacted for details?]

Charlie plans to update the
Synrad+ model in 2024

SR background mitigation
e Study a possible BG mitigation through the SR masking inside th cuum.
e Find the optimal energy cut for SR photon tracking to accurately study S

and speed up the simulation for higher statistics.

Mike Sullivan shared his
calculation of EIC beam tails
based on Gaussian approximation
< more conservative model

Plan to study the new model's
impact on the EIC SR background

Andrii Natochii | Dec 2023
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Implemented the detector
solenoid field. Thanks Elke
Aschenauer for providing the
details
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Solenoid field
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Solenoid magnet

* For ePIC, a new solenoid is developed as the experimental magnet with a central field of 1.7 T with an operational range of up

to 2 T. The Magnet has been named MARCO. From Ref. [link].

* Available field maps in a CSV format (as of Dec 2023): 1.7 T and 2.0 T (points are calculated every 2 cm)

* The solenoid field is off-centered by 8 cm towards the electron beam direction, i.e., its center is at (0;0;-8) cm

MARCO R(cm) Z(cm) Br(T) Bz(T)

0.0 -800.0 0.0000 -0.0006

0.0 -798.0 0.0000 -0.0006
0.0 -796.0 0.0000 -0.0006

0.0 -794.0 0.0000 -0.0006
e 0.0 -792.0 0.0000 -0.0006
0.0 -790.0 0.0000 -0.0006

S 0.0 -788.0 0.0000 -0.0006
DIRC, 0.0 -786.0 0.0000 -0.0006
Richiosicctors 0.0 -784.0 0.0000 -0.0006
MPGD trackers 0.0 -782.0 0.0000 -0.0006
T 0.0 -780.0 0.0000 -0.0006
0.0 -778.0 0.0000 -0.0006

0.0 -776.0 0.0000 -0.0007
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https://wiki.bnl.gov/EPIC/index.php?title=Experimental_Solenoid
https://wiki.bnl.gov/EPIC/images/f/fd/MARCO_v.6.4.1.1.3_1.7T_Magnetic_Field_Map_2022_11_14_rad_coords_cm_T.txt
https://wiki.bnl.gov/EPIC/images/f/f5/MARCO_v.6.4.1.1.3_2T_Magnetic_Field_Map_2022_11_14_rad_coords_cm_T.txt

Material scan (black) vs solenoid field (color)
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Detector solenoid field in the custom-built Geant4

X-Z (|Y] <=2cm) Y-Z (| X]| <= 2cm)




X-ray reflection process



X-ray reflection process in Geant4 (updates)

* Since X-ray reflection as a standard gamma process was missing in Geant4, the Geant4
developers have recently (Dec. 2023) implemented this process; see #50 FCC-ee MDI meeting
* They use the same material reflection database (like Synrad+) prepared by B.L. Henke et al.

* Unfortunately, they consider only specular (mirror-like) reflection with an attenuation factor to include
surface roughness

* Compare the following codes developed for X-ray reflection
1) Synrad+ (after recent discussions, bugfixes and new features have been implemented by the developers;
see Synrad+/Molfow+ Forum) — diffuse reflection
a) Old reflection model (based on Synrad [R.Kersevan, SSC 1993, 10.1109/PAC.1993.309821])
b) New reflection model (based on Synrad3D [G.Dugan, D.Sagan, Cornell 2013, 10.5170/CERN-2013-002.117])
2) Custom-built Geant4 code

a) With the Debye-Waller attenuation factor (similar to the geant4-release) — specular reflection

b)  With the reflection surface normal random tilt (similar to the old model in Synrad+) — diffuse reflection

3) Geant4 release with the Névot-Croce attenuation factor — specular reflection


https://indico.cern.ch/event/1346902/
https://doi.org/10.1006/adnd.1993.1013
https://molflow-forum.web.cern.ch/t/unexpected-absorbed-sr-photon-distribution-in-synrad/584
https://doi.org/10.1109/PAC.1993.309821
http://dx.doi.org/10.5170/CERN-2013-002.117

X-ray reflection process benchmark:

Synrad+ (v1.4.33/v1.4.34 bugfix) vs Geant4 (Gamma, custom-built) vs Geant4 (Xray, adobted from geant4-release-11.2.0)

I Surface roughness RMS =0 nm I
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1019 - 16
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10'8 |:| Gea”}“ (X'agy) N Geant4 (Xray) ...................................

Good agreement between all
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https://gitlab.cern.ch/molflow_synrad/synrad/-/pipelines/6608616
https://gitlab.cern.ch/molflow_synrad/synrad/-/releases/v1.4.34
https://brookhavenlab.sharepoint.com/:b:/r/sites/eRHIC/bnl%26slac/EIC%20IR%20Meeting%20Minutes%20%20Documents/SR-Meetings/2023/2023-12-07/EIC_SR_simulation_Geant4_Dec2023_NATOCHII.pdf?csf=1&web=1&e=r7OOlK
https://geant4.web.cern.ch/download/11.2.0.html

X-ray reflection process benchmark:

v1.4.33/v1.4.34 custom-built geant4d-release-11.2.0

SR photon spectrum I Surface roughness RMS = 50 nm

Flux [ph/s].

01 9
Synrad+ (Old model, diff.) Geant4 (Pert. surf. normal, diff.)
Synrad+ (New model, diff.) AN Geant4 (Debye-Waller + pert. refl., diff.)
Geant4 (g4-rel., Nevot-Croce, spec.) Geant4 (Debye-Waller, spec.) G 0 O d a g re e m e nt
10'®

 between Geant4 codes for specular reflection

(blue and )

* old model Synrad+ vs Geant4 code for diffuse reflection
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* new model Synrad+ vs Geant4 code for diffuse reflection

(green vs red)
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E, [eV] More plots are in Backups
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https://gitlab.cern.ch/molflow_synrad/synrad/-/pipelines/6608616
https://gitlab.cern.ch/molflow_synrad/synrad/-/releases/v1.4.34
https://brookhavenlab.sharepoint.com/:b:/r/sites/eRHIC/bnl%26slac/EIC%20IR%20Meeting%20Minutes%20%20Documents/SR-Meetings/2023/2023-12-07/EIC_SR_simulation_Geant4_Dec2023_NATOCHII.pdf?csf=1&web=1&e=r7OOlK
https://geant4.web.cern.ch/download/11.2.0.html

Beam pipe geometry



Beam pipe geometry
Inconsistency
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<constant name="ForwardRICHRegion_tanl"
1/24/24

<constant name="ForwardRICHRegion_tan2"
compact/tracking/definitions.xml
<constant name="ForwardTOFRegion

compact/definitions.xml



Beam pipe geometry modification

* The new beam pipe modeling is now much closer to the Synrad+ geometry.

* Although it might not be the final/recent beam pipe geometry, we define it as a reference to
compare the simulated SR impact on the detector background.

BEFORE

- MCparticles generated in eic-shell (color)

> Material scan (black) More plots are in Backups




Adjusted beam pipe
geometry
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SR background simulation



ePIC SR background: Rates with inconsistent geometries

High SR background rates (> 1 MHz) due to generated SR photons outside the vacuum beam pipe

Hit frequency for different sub-detectors (N .= 1e+08 | Ibeam =0.227 A)
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First custom-built Geant4 SR model
(contained bugs)
From Dec. 2023 meeting
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https://brookhavenlab.sharepoint.com/:b:/r/sites/eRHIC/bnl%26slac/EIC%20IR%20Meeting%20Minutes%20%20Documents/SR-Meetings/2023/2023-12-07/EIC_SR_simulation_Geant4_Dec2023_NATOCHII.pdf?csf=1&web=1&e=uSgozi

ePIC SR background: Rates with adjusted geometries

Improving the X-ray reflection process and tuning the beam pipe in the eic-shell to the CAD/STL
model make the SR background in the ePIC detector more realistic with diffuse reflection, i.e.,

SR background rates ~ 0.1 MHz (e.g., electron beam-gas rates ~3 MHz [ref.])

Custom-built Geant4 Custom-built Geant4 Custom-built Geant4 Custom-built Geant4
(X-ray, Névot-Croce, adopted from (Gamma, Debye-Waller) (Gamma, surf. normal tilt, like the old (Gamma, Debye-Waller + perturbed
geant4-release-11.2.0) Specular reflection Synrad+ model) reflection direction, like the new
Specular reflection Diffuse reflection Synrad+ model)
Diffuse reflection
10 -dm<z<5m 10 -dm<z<5m 10° -dm<z<5m -dm<z<5m
10°F
[ Ey>30eV [ E,>30eV E,>30eV Ey,>30eV
g g 51047 ’ §104* ‘ ‘
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https://wiki.bnl.gov/EPIC/index.php?title=Background

Beam tail modeling



Overview

* The realistic/actual beam tail distribution modeling is a challenging task
= Usually, one has to include all possible beam-scattering processes with beam dynamics in the machine lattice, possible
machine errors, and collimators
e So far, we do not have a reliable multi-turn particle tracking code for the EIC
= Therefore, we have to rely on some assumptions and approximations

e Christoph Montag’s model [optimistic]: <& first trial; see Dec. 2023 meeting
= Non-gaussian tails caused by beam-beam and beam-gas scattering events
= Enhancement of the electron beam population at large amplitude (beam tails) occurs predominantly in the vertical plane
= The core of the model — parametrized simulated beam tails
= No tails in the horizontal plane at E.. = 18 GeV
= The vertical beam tail integral is about 10—2 of the beam core

 Mike Sullivan’s model [conservative]: & next step
= Gaussian beam tails as an equilibrium between beam lifetime (beam particles are scattered out of the core into the tails)
and SR damping (beam tail particles are pulled back to the core)
o Especially true for the horizontal plane
= The integral of beam tails should not exceed a certain value to avoid luminosity degradation
o Arbitrary threshold: the tail integral is < 5% of the core integral



https://brookhavenlab.sharepoint.com/:b:/r/sites/eRHIC/bnl%26slac/EIC%20IR%20Meeting%20Minutes%20%20Documents/SR-Meetings/2023/2023-12-07/EIC_SR_simulation_Geant4_Dec2023_NATOCHII.pdf?csf=1&web=1&e=uSgozi

Summary

* Last time, we reported on the first developments of SR photon reflection in Geant4.
* Since then, several improvements and features to the code have been implemented.
o Solenoid field using MARCO magnetic field map.
o Spectral and diffuse reflection processes based on the recently released Geant4 and documented old/new
Synrad+ models were implemented in the custom-built Geant4 code for the SR simulation.

* Furthermore, we have identified significant inconsistencies in the vacuum electron beam pipe geometry between
the eic-shell (used for the ePIC background rate simulation) and the custom-built Geant4 (CAD/STL drawings
imported from Synrad+).

o Since the correct beam pipe geometry is unclear, we adjusted eic-shell modeling following CAD/STL

drawings. - We need correct, up-to-date vacuum beam pipe drawings.
o This temporary solution allowed us to study the ePIC SR background rates for different X-ray reflection
models.

* According to the findings:
o Diffuse reflection based on old and new Synrad+ algorithms works well and gives a realistic estimation of the
detector's SR background level (~0.1 MHz).
o We still need to understand which model is the best for our application; each model has pros and cons.
* Several Synrad+ code updates (new features and bugfixes) were triggered during the new custom-built Geant4
code development; see the following slides.



Next steps

Beam tails
* The first optimistic model with non-Gaussian tails was tested with a very low beam halo intensity.
* A more aggressive model with Gaussian tails will be tested next.

New machine lattice
* Recently, we have received a new machine lattice v6.2
* Questions and subjects to be studied with the SR simulation in Geant4
o Do we need to update the masks in front of ePIC?
o What photons pass and hit the beam pipe?
o Updated SR background rates?
o SR photon files?

* For the review of the ancillary detectors in February:
o What are the SR background rates for the low-Q? tagger and the Luminosity monitor?
= This item requires backward beam pipe geometry modification in both eic-shell and custom-built
Geant4.
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Synrad+ updates

The new custom-built Geant4 code development triggered a few updates to the official Synrad+
software.

1. An option to log absorbed particles by a given facet is now available.

2. The logged particle flux is now correctly normalized using the correct number of simulation
scans.

3. Dueto abugin the code, the switch for the new reflection model did not work correctly in the
GUI. Now, through global settings, one can switch between old and new reflection models
with one click, and it will be correctly prepared to the simulation.

For more details, please refer to the Synrad+/Molflow+ Forum:
All features and bugfixes from above are implemented in the new release v1.4.34



https://molflow-forum.web.cern.ch/t/unexpected-absorbed-sr-photon-distribution-in-synrad/584
https://gitlab.cern.ch/molflow_synrad/synrad/-/releases/v1.4.34

Backup
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Material scan
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Solenoid field (1.7 T)

600

R [cm]

500

400
| 107"

300

200
1072

100

5%00 —600 —-400 -200 0

B[T]

1/24/24 Andrii Natochii | EIC SR BG simulation in Geant4 28



1/24/24

Flux [ph/s]

Flux [ph/s]

o..
>

10"

10"
1017
10'®
10"
10"
13

10

102

SR photon momentum X

Synrad+
[] Geant4 (Gamma)
|:| Geant4 (Xray)
- 1
-0.025 -0.02 -0.015 -0.01 -0.005
Px,/E,
SR photon position X
E Synrad+
E |:| Geant4 (Gamma)
L [ Geant4 (xray)
.
T
7 — -4.98 -4.96 -4.94 ey a———
X, [eV]

3

SR photon momentum Y

Flux [ph/s]

SR photon momentum Z

10%

102"

LLLLL L L

Synrad+
[] Geant4 (Gamma)

[] Geant4 (xray)

10

| Surface roug

>
>
()
wn
(V)

— 10°g -
% E Synrad+
g 10%E [ Geant4 (Gamma)
. " E |Geant4 (Xray)
107
10'¢ ; | |
Y/ NI
/ N,
10" i / \
‘012 ; .....
-0003  -0.002  -0.001 0 0.001 0.002 0.003
JE,
SR photon position Y
— 107 -
E: E Synrad+
x 10°E [] Geant4 (Gamma)
* 10k [] Geant4 (xray)
ok 2N
ok > x_.\
104 B o e
ook Al
10'? :
C 4// /
-1 -08 -06 04 02 0 02 04 06 08 1

Andrii Natochii | EIC SR BG simulation in Geant4

Y, [eV]

Flux [ph/s]

10"

10

10"

PPy T Ty T Ty 717,

102 ,i' -4
0.95 0.96 0.97 0.98 0.99 1 1.
Pz, /E,
SR photon position Z
10'7 >
Synrad+
|:| Geant4 (Gamma)
|:| Geant4 (Xray)
‘o|5
10" %
|5
3400 Zaz00 ~3000 -2800 —2600 —2400
Z,[ev]

29



1/24/24

10'7

10'¢

10'®

10"

107

16

10

10"

10"

Px,/E, = [-25.0,-20.0] mrad Px,/E, = [-20.0,-15.0] mrad

E [ Synrad+ e [ Synrad+
- [] Geant4 (Gamma) E [] Geant4 (Gamma)
B | Geant4 (Xray) o B ] Geant4 (Xray)
‘015 .............
‘OUI
0 5000 10000 15000 20000 25000 30000 4 0 10000 15000 20000 25000 30000 35000 E, [:\9?00
Px,/E, = [-15.0,-10.0] mrad Surface roughness =0 Px,/E, = [-10.0,-5.0] mrad
[ Synrad+ o [ Synrad+
[ ] Geant4 (Gamma) [ ] Geant4 (Gamma)
[ Geant4 (Xray) . [ Geant4 (Xray)
10
10
‘OUI
0 ' 5000 10000 ' 15000 ' 20000 I25000 BOlJlJOl ' 35000 ’ 40000 = ISOOO‘ = ;0000I = ;5000I = IZOOOO‘ = l25000I ' f:iOOilJOI = 350‘00 ' 40000
€, [eV] E, [eV]
Andrii Natochii | EIC SR BG simulation in Geant4 30



<,
>

Flux [ph/s]

Flux [ph/s]

o o o
8 = R

1019
1015
10"7
10"
10"
10"
1013

1012

I
o

b LAY UL UL UL AL AL RNl

SR photon momentum X

D Synrad+ (Old model, diff.) |:| Geant4 (Pert. surf. normal, diff.)

E Synrad+ (New model, diff) Geantd (Debye-Waller + pert. ref., diff.)

.

Geant4 (Debye-Waller, spec.)

L 0

—0.02
X,/E,

SR photon position X
E Synrad+ (Old model, diff.) |:| Geant4 (Pert. surf. normal, diff.)

E Synrad+ (New model, diff.) "] Geanta (Debye-waller + pert. ref. iff)

m Geantd (g4-rel., Nevot-Croce, spec.)

Geant4 (Debye-Waller, spec.)

5005

Flux [ph/s]
g 3

10"

=)
N
B8

A
°

Flux [ph/s]

A
B

SR photon momentum Y

E Synrads (Old model, dif) |:| Geantd (Pert. surt. normal, dift)

D Synrad+ (New model, diff.) Geant4 (Debye-Waller + pert. refi, diff.)

Geantd (Debye-Waller, spec.)

[T ceame taset. Nevorcroce,spec

SR photon position Y

E Synrad+ (Old model, diff.) |:| Geant4 (Pert. surf. normal, diff)
D Synrad+ (New model, diff.) Geant4 (Debye-Waller + pert. refl, diff.)

l Geantd (g4-rel., Nevot-Croce, spec.) Geant4 (Debye-Waller, spec.)

I Surface roughness = 50 nm I

SR photon momentum Z

=)
N
R

102!

Flux [ph/s]

102°

D Synrad+ (Old model, diff.) |:| Geant4 (Pert. surf. normal, diff.)

D Synrad+ (New model, diff.) Geant4 (Debye-Waller + pert.refl. diff.)

[T ceame taset. Nevorcroce, spoc

Geantd (Debye-Waller, spec.)

10'?

1018

1077

Ty

101

101

101

103

1012

0.9

T T T Ty

| PR -
5 . 097 098
Pz,/E,

SR photon position Z

1.01

— 013
E: D Synrads (Old model, dif) |:| Geantd (Pert. surt. normal, dif.)
; D Synrad+ (New model, diff.) Geant4 (Debye-Waller + pert. refl., diff.)
[
m Geant4 (g4-rel., Nevot-Croce, spec.) Geantd (Debye-Waller, spec.)
10'7 £
oL R
10"
[ N N
o INN SRS N NN AN\ R
—3400 -3200 -3000 -2800 -2600 -2400

Andrii Natochii | EIC SR BG simulation in Geant4

Z, o]

31



1/24/24

10"7

1018

10"7

10'8

10'5 i

10™

Px,/E, = [-25.0,-20.0] mrad

| | Synrad+ (Old model, diff.) Geant4 (Pert. surf. normal, diff.)
[] synrads (New model, dift) Geant4 (Debye-Waller + pert. refl., diff.)

| I Geant4 (g4-rel., Nevot-Croce, spec.) Geant4 (Debye-Waller, spec.)

=

5000 10000

Px,/E, = [-20.0,-15.0] mrad

10"7

| | Synrad+ (Old model, diff.) Geant4 (Pert. surf. normal, diff.)
1 synrads (New mode, dift) Geant4 (Debye-Waller + pert. refl., diff.)

I | Geant4 (g4-rel., Nevot-Croce, spec.) Geant4 (Debye-Waller, spec.)

101 |=

10'% \

10 [

10000 20000

0
E, [e'
Px,/E, = [-15.0,-10.0] mrad Surface rOUghneSS 50 nm Px,/E, = [-10.0,-5.0] mrad

-

10
| I Synrad+ (Old model, diff.) Geant4 (Pert. surf. normal, diff.) l I Synrad+ (Old model, diff.) Geant4 (Pert. surf. normal, diff.)
[] synrads (New model, difr) Geantd (Debye-Waller + pert. refl., diff.) [1 synrads (New model, difr) Geant4 (Debye-Waller + pert. refl., diff.)
| \ | Geant4 (g4-rel., Nevot-Croce, spec.) Geant4 (Debye-Waller, spec.) " | | Geant4 (g4-rel., Nevot-Croce, spec.) Geant4 (Debye-Waller, spec.)

= 10° =
1015 “‘
1014 -
20000
E, [eV]

Andrii Natochii | EIC SR BG simulation in Geant4

32



Synrad+ beam pipe geometry
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Default beam pipe geometry
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Adjusted beam pipe geometry
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ePIC SR background: Vertex Barrel detector hits

First custom-built Geant4 SR model

(contained bugs)
From Dec. 2023 meeting

Custom-built Geant4
(like the old Synrad+ model)

Custom-built Geant4
(like the new Synrad+ model)

Scatter plot of SR hits in VertexBarrel (N _ = 1e+08 | Ibeam =0.227 A)

Scatter plot of SR hits in VertexBarrel (N = 1e+08)

Scatter plot of SR hits in VertexBarrel (N __= 1e+08)
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Optimistic mod

e

From Dec. 2023 meeting

Beam tail model

Transverse Beam Tails and Beam Lifetime in the EIC
Electron Storage Ring

18 GeV electron beam | P = 10 nTorr

Christoph Montag

July 1, 2021

Abstract

For most storage ring design purposes it is sufficient to assume a Gaussian distribution of the electrons in
a bunch. However, a more detailed ledge of the fon in the tails beyond a few sigma
is necessary to predict the beam lifetime and the synchrotron radiation load in the interaction region due
to beam-gas scattering and the beam-beam interaction. This report presents simulations to determine the
required vacuum level as well as to serve as input data for detailed synchrotron radiation simulations.

5 Fitting the Distribution

To serve as input data for synchrotron radiation simulation codes, the resulting distribution was fitted to an
analytical expression. As Figure 4 shows, the non-Gaussian tail distribution is very well described as

puai(r) = Kp 773, (3)

with r = z or r = y. The entire distribution therefore consists of a Gaussian core and a non-Gaussian tail,

Protal(r) = Peore(r) +‘ﬂm.n(T) (4)
- cxp(f%)m,.r 3. ©®)

Note that the total number of electrons in the bunch is irrelevant for our purposes, and for simplicity the
normalization of the Gaussian distribution is defined such that peore(0) = 1.
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Table 4 lists the fit parameters K, and K, for the tail distributions for different beam energies and vacuum
pressures.
Table 4: Fit parameters for different beam energies and vacuum pressures
E [GeV] P [mtorr] K, [10°7] K, [1077]
5 5 190 3125
5 10 380 6250
10 1.25 6.25 110
10 2.5 12.5 220
10 5 25 450
10 10 50 900
[ 18 10 0 25
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ptotal('r) = Pcore + Ptail — €TP - + Kr : T_3
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* No tails in the
horizontal plane

* The vertical beam
tail integral is
about 10—8 of the

beam core
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