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Within the CERN North Area, |
am working specifically with a
_ part of the H4 beamline known
as the H4-VLE. This beamline
will be used to study a

prototype neutrino detector
designed for DUNE.
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Schematic of
Beamlines at CERN
and in the North
Area
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The circled portion of the

beamline makes up the H4-
VLE, which is the part of the
beamline that | simulated.

Simulation of the
complete H2 and
H4 Beamlines in

G4Beamline




My simulation of the H4-VLE beamline in G4Beamline

A detector monitors which
particles from the original
beam are successful in making
it to the detector entrance.
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The cylindrical, green
structures represent

quadrupole magnets,

which are used for
focusing the beam.
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The rectangular, red
structures represent dipole
magnets, which change the
direction of the beam through
the use of a magnetic field.



Correcting for Misalignments in
Beam Elements

x= fi(Ax)  x=f,(B18)
f1(Ax) = —f,(B18)

B18 = g(Ax)

Position Change in x (mm)

Position Change in x (mm)

Position Change in x for Quadrupole Offsets in x
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Correction Scheme 1
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Misalignment of Quadrupole 18 by 1Imm in x-direction

No Correction Correction Scheme 1
h X h_X

180 Entries ( 3022 180 Entries ( 2862
Mean . Mean ;

160 Std Dev 28.53 160 Std Dev 28.42
%2/ ndf 50.94 / 46 " %21 ndf 57.62 /46

140 Constant 1702+ 3.8 Constant 1642+ 39
Mean 7.143 +0.513 Mean 4.912 +0.520
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Conclusion: Correcting for the misalignment using CS1 resulted in more
particle loss than leaving misalignment uncorrected.




Correction Scheme 2
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Misalignment of Quadrupole 18 by 1Imm in x-direction

)

No Correction Correction Scheme 2
h X - | h X  _—

180 Entries ( 3022 oF l\E/Ir:;Iss (2902
C Mean ) — .

160 — Std Dev 28.53 - Std Dev 30.46
= ¥2 I ndf 50.94 / 46 10— x2 /| ndf 92.03 /47

140 Constant 1702+3.8 - Constant 1572+ 3.8
- Mean 7.143 £ 0.513 1201 Mean 8.661+ 0.545

120 Sigma 27.83 + 0.37 - Sigma 28.49 +0.43
C ' 100 |—
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Conclusion: Correcting for the misalignment using CS2 resulted in more
particle loss than leaving misalignment uncorrected.




Correction Scheme 3
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Misalignment of Quadrupole 18 by 1Imm in x-direction

No Correction Correction Scheme 3
h X h X

180 Entries ( 3022 200 Entries C 3119
Mean ) Mean ;

160 Std Dev 28.53 180 Std Dev 29.99
2 | ndf 50.94 / 46 2/ ndf 77.16 /47

140 Constant 1702+ 3.8 160 Constant 167.5+3.9
Mean 7.143 + 0513 140 Mean 6.093 + 0.530

120 | Sigma 2783 +037 Sigma 28.93 £ 0.41
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Conclusion: Correcting for the misalignment using CS3 resulted in more
particle detections compared with no correction.




Conclusion

I_Achievements

Future Work
* Creation and benchmarking of * Investigate further
the simplified G4Beamline misalignments in a similar
model fashion
e Exploring the options for * Already know change of po.siti'on
misalignment correction !oasc?d on changing magnetic fields
in dipoles

Special thanks to Marcel Rosenthal, Yiota Chatzidaki, and Nikolaos Charitonidis for all
their help and mentorship. Also thanks to the National Science Foundation and
University of Michigan for funding. And, finally, thank you to the audience for
listening!



Full H4-VLE Simulation
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Matrix Formalization

Focusing quadrupole, K >0:

cos(vV K s) \/%Sin(\/fs)
—VKsin(vVKs)  cos(VKs)

Defocusing quadrupole, K< O:

oo — cosh(\/\K|s) _|1K| sinh(\/yK|s) |
|K|sin(+/|K|s) cos(v/|K|s)
Drift space: length of drift space L

1 L
Mdm’ft:<0 lj

) = Mdrift 'Medge 'Mdipole ’ Medge ’ Mdrift ’ Mfoc 'Mdrift ’ Mdefoc ’ Mdrift ’ Mfoc ’ (

Mfoc:
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Matrix formalism

Developed a Mathematica routine for beam optics calculations using transfer
matrices to compared with G4Beamline Monte Carlo simulation

Position Change in x for Quadrupole Offsets in x Position Change in y for Quadrupole Offsets in y
in BPROF4 in BPROF4

B Transfer Matrices B Transfer Matrices
® G4BL 27T @ G4BL
A G4BL + Material A G4BL+Material

Position Change in y (mm)

A

—1I.00 —OI.75 —OI.50 —DI.25 0.60 0.I25 0.:50 .I .I —-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50
Quadrupole Offset in x (mm) Quadrupole Offset in y (mm)




Differences between Transfer Matrices and TRANSPORT

EIBe(:‘(re‘;t R1l1 (mm) R12(mm) R21(mm) R22(mm) R33(mm) R34(mm) R43(mm) R44(mm)
Q17 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Q18 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Q19 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B18 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
Q20 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000
B19 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000
Q21 0.002 0.003 0.000 0.002 0.000 0.000 0.000 0.000
Q22 0.002 0.006 0.000 0.001 0.000 0.001 0.000 0.000

B20 0.002 0.005 0.000 0.001 0.000 0.000 0.000 0.000



Final x-position for Imm Misalignment of Quadrupole 18
in y-direction
PTC G4Beamline

Good particles, Horizontal profile @ BPROF4, Q18 Ay=1. mm
Uy ideal = 4.954 mm Uy ideal =6.27 mm
Ux misaligned = 3.796 mm
oy ideal = 25.338 mm

ox misaligned = 25.760 mm

Ux misaligned = 4.573 mm
ox ideal = 24.65 mm
ox misaligned = 24.26 mm
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RMS of beam offset @BPROF4 (mm)

Mean losses (%)
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Previous studies of this beamline by
a master’s student found this type of
misalignment to be the most critical
for final position

Misalignment of Quadrupole
18 in the x-direction




Final Positions
of Particles
with No

Misalignments
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Entries
Mean
Std Dev
¥? | ndf
Constant

Mean
Sigma

3096

6.613

29.33

91.17 /47
1716 £ 3.9
7.125 £ 0.511
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h_X h_X
500 Entries 3096 200 Entries - 3022
] Mean 1.499 Mean 4.57
“C No Mis- O eod| DN
- o ) : w _ 121 ndf 259.4 /34
Loss of Particles at alignment Correction
o Mean 2.293+£0.448 0 Mean 5.469 + 0477
Sigma 23.48 £0.28 Sigma 23.92 +0.28

120

BPROF1

100 100

80 20

60 60

40

e Collimator in the beamline
after first dipole; particles
hit collimator and do not
continue trajectory
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h_X - | h X

1 Entri 2862 Entries 2902

Loss of particles on one | Entries s _ Mean 1016

side when quadrupole is wE Correction Std Dev 26.03 Correction Std Dev 2368

[ | d SCheme 1 )((3 /n?f t 13;32-1/3% - SCheme 2 )éonrs‘,tant 13%88-5-%/43%
onstan L T A, .0 I 4.

mi>alighe v Mean 7484+0523 | ' Mean -1.171£0.439

120 Sigma 23.02 +0.30 10 Sigma 22.13+0.25

* Non-symmetric beam
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