Injection Parameter Study with

, |
AN
NN
o\ Y%
ALY A |
o\ s N
N r/ \
@ \
AN R
N -
A\
e.w)//. NS
G
/,@
v \ )

X

Update

|
|
5th April 2024

Siew Yan Hoh, Yusuke Takeuchi, Yuzhi Shang
muEDM Collaboration Meeting

musrSim

&5
e
=)
=
=
o
Z
£
=
—
Q
&
O
Z
=)
N
e

@) Fudsiiw



\ S A d R T

e/ TSUNG-DAO LEE INSTITUTE

/ : ]
Fast electronics for entrance trigger \

and pulsed magnetic kicker
(Tiangi)

Beam Injection and storage study
(Siew Yan & Yuzhi)

[ e S —_—_—

|
|

~ P I Entrance detectors design and
" detector response study

= |
\ (Guan Ming) /

I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
\ ]




Introduction 4 d

e G4BL has been the bread and butter for muEDM experiment study (injection parameter and storage study).
e Establish alternative effort on study the injection parameters based on musrSim:

o supports the entrance detector design effort,

o Flexibility in implementing user plugin function,

o provides independent simulation for cross-checking G4BL's results.
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: e G4BL |§ oriented to beamline design study. : | ® musrSim is oriented to detector development study.
o gsgr frlendl.y.- _ o . | I e Existdedicated ct++ class for detector response study.
\\ e limited flexibility and limited user plugin feature. /, \\ e Flexible and user plugin friendly.
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e Today update:
o Mirror G4BLs configuration to musrSim, to establish baseline performance.
o Reproduce G4BLs storage efficiency in musrSim.
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Kicker Field Implementation

e Implementing kicker function in musrSim

musrTabulatedElementField. cc

= mm Em E Em Em EE e o o .

time—dependent field txt Field tabulation
within musrSim

fre=1.;
Ipulse.isEmpty()

int[3] <= pulse.get_x_min
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frc = puls 3]
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xField2D[xindex zindex * (1-xlocal 1-zlocal
zindex+1] * (1-xlocal) * zlocal
zindex * xlocal * (1-zlocal
zindex+1] * ) a cal
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Stronger kick

1-xlocal) * (1-zlocal
1-xlocal zlocal
xlocal 1-zlocal
xlocal * zlocal

Thanks GM!

i — e This implementation:

o detects time structure in the field map text file,
o consumes time data into a spline object,

spline validation

at 107.000000 ns i .001290 with derivative 0.012772

at 108.000000 ns is 0.029697 with derivative 0.042455 O evaluates the fraction for given interpOIated field

at 109.000000 ns i .083027 with derivative 0.062617

at 110.000000 ns is 0.151757 with derivative 0.073257 components, at a given time in the simulation.

at 111.000000 i .226366 with derivative 0.074375
at 112.000000 i .297333 with derivative 0.065971

<4 >




@) Fudw

e e/ TSUNG-DAO LEE INSTITUTE

musrSim and G4BL Comparison

e Using one good event, taken from injection phase space for
the exercise.

e Using injection parameter:

Parameter | Description Value
0 Injection angle -45.022°
b Transverse angle 9.244°
s njection radius 15.561 mm
Z ongitudinal Injection Coordinate | -443.836 mm
Z Longitudinal Injection Coordinat 443.836 m

e Setup single virtual plane, on both musrSim and G4BL.
o Spanning the full range of solenoid’s length.
o Ensure muon trajectory “curl” perpendicularly into the
virtual plane: one hit per muon'’s entrance.
e Study the hit's information along the virtual plane between
musrSim and G4BL.
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Step-by-Step Comparison

Fields included: PSC field

musrSim

Hits
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Step-by-Step Comparison

Fields included: PSC + Split coils

musrSim

Hits
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Step-by-Step Comparison

Fields included: PSC + Split coils + weak
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Step-by-Step Comparison

Fields included: PSC + Split coils + weak + Frozen E
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Step-by-Step Comparison

Fields included: PSC + Split coils + weak + Frozen E + kicker

musrSim
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The kicker field
implementation is
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Storage Efficiency Validation

Using 100k injection phase space events
(InputDistAfterCollimator_R75mm_turtle.txt)

muDecayDetID

htemp
e e mm mm mm Em e mm mm Em = = - o Entries 100000
r Mean 3.998e+04
250 Std D 0
Virtual box: 80x80x80 mm zooi ~0.28%
! -
/ 150 —
| ‘ 100 —
musrSim DetID = 40000 50
B musrSim
Co 1 TR T RN T [ [ I I
B 37000 ‘ 38000 ‘ 39000 ‘ 40000 — 41000‘ ‘ 42000
muDecayDetID

z{z>-40 && z <40 && Pz > -0.5 && Pz < 0.5}
htemp htemp
Entries 100000 C . Entries 318

G4BL M anev 82.7 el G4BL Mean 0.5864

Std Dev 19.06
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musrSim Limitation
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e musrSim could not perform tracking on the muon hits (involve placing infinite virtual
plane along the trajectory).

e Field map coordinate offset is needed for musrSim, de to different technical design of
both simulators.

e Interpolation step in fleld map is sensitive to musrSim simulation performance.
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Conclusion and To-do

Simulation cross check
and Systematic study

Ritwika's

—

Injection parameter and
storage study

Injection parameter
optimization study (Bayesian
Optimization) Revamping the effort

for the time being
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1 SJTU's effort

: Establish musrSim Injection parameter and [
! simulation tool used for storage study :
| beam injection study :
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Good Event Definition

e Event taken from storage phase space.
e Event demonstrated in G4BL, that is successfully stored, using all the
flelds and injection parameters.
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