Alignment Tolerance Cases
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CASE 1 CASE 2 and 3

Beampipe for SAMs
OD 400 mm

MOLLER DS Coils PDR March 29 2021

Physics worst case

e All coils offset in same direction (without us
knowing)

* Least likely (survey, tracking)

BEAM worst case is coils aligned in a “conspiratorial”
way within tolerances

— induces dipole
affects beamline shielding (dose on coils)
backgrounds from end of hall apertures
Irradiation

Several offset cases considered:

1.  All sub-coils offset to induce maximum dipole
within allowed tolerances

2.  All subcoils offset without deformation and to
0.5 mm

3. Same as case 2, but dipole field has different
orientations in each subcoil
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Nominal (symmetric) case — clean transport to dump
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Worst case — clean transport to dump
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Comparison of cases — clean transport to the dump

Rate (GHz/uA/mm*2), End of the Hall, Nominal Rate (GHz/uA/mm"2), End of the Hal
= 500 10 — 500 — 10
Radial Distribution End of the Hall Plane E 4905_ § a0
3002— 300
g Bl Symmetric coils, no SAMs 200 ! s00f- !
= 102 [ Case 1, no SAMs/shield 100 - 100f-
% 10 Il Symmetric coils, w/ SAMs -ng " Dé_ 10°
% I Case 2, w/ SAMs/shield g 'mﬂg_
a Case 3, w/ SAMs/shield EOE . . . POF 2
§ = Symmetric coils, w/ SAMs "  wE Case 1 K
g -1 B —400;— _4003_
B 1OEE —50%:'"'l""l""l""l""l""l""l""l""l"" 10_3 E||||||||||||||||||||||||||||||||||||||||||||||||| a
C —500  -400  -300 -200 -100 O 100 200 300 4°Ux(mn§$0 5066400 300 -200 -100 © 100 200 300 400 500 10
1072 = x(mm)
= ;, ;i :: : ;ﬁ;m Rate (GHz/uA/mm*2}, End of the Hall Rate (GHz/uA/mm*2), End of the Hall
-3 —
10 . | ” Jf lr I g srmg 10 E j::i _ 10
A = 400 - =
10* : r P 1 \ ‘% i 300%— 3002_ N
= 1 =
10*5 1 1 1 1 | 1 1 1 | ‘ 1 | 1 | | 1 1 1 I | 1 1 1 | 1 | 1 1 2005_ 2005
0 100 200 300 400 500 600 100~ 100~
r(mm) oF- o o 0
_100E- -moi—
200 200
Total Beam Power 715 kW Integrated Power{rom 3 LR =5 10’
200 mm < r < 600 m b Case 3 E Case 2
Symmetric coils, no SAMs 38.1 W ~S0qH b 'ﬁ'-'zloc'»' T e U 'lulml;t;r:?]oo 107 B0gg R Ihéol;mlwffo 10°
Case 1, no SAMs/shield 260 W
Symmetric coils, w/ SAMs  13.4 W Most likely worst case is 10 of total beam power
Case 2, w/ SAMs/shield 17.8 W / order of magnitude lower for most likely case
Case 3, w/ SAMs/shield 14.2 W
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Dipole fields — worst case
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-2to 2 in x and y with 2cm steps
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Back of envelope tracks
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How to use these back of envelope calculations to determine the shielding needed from symmetric to worst case?
Lower energies or higher angles swept away faster and so don’t clear the beamline shielding

A lower field means that less gets swept into the beamline shielding, but also has lower angle at end.



Radius {mm])

11 GeV, opposite side
S00

300
200

100 .l
.
] s

1] 5D! 1000 1500 2000 2500

z [cm])

& 1 (mrad) @ 2 (mrad) & 3 (mrad) # 4imrad) =g d40mm

Radius (mm)

3

2

8

s

8

=

1 GeV, opposite side

=00 1000 1500 2000 2500

z [cm)

& 1 (mrad) & 2 (mrad) & 3 (mrad) ® 4 (mrad] g d40mm



r{mm)

1200

1000

200

-200

Energy ranges from .3 to 11 GeV

L {cm)

50 mm

200
100
100
100

200

Bsgoe (Gauss) [ 5+dé (]

30
13
P
F=]
100
100

Tracks for different angles and energies

0.01
0.0073
0.0075
0.0075

0.015

0.02

500 l I I

CDOEFEDENODED 8088 0000 808

z (cm)

[ele s el 0

1500

Qo000 e

L L1

OO AT S 0 0O

@limrad) @2(mrad) @3 [mrad) &4 (mrad)] o©-1{mrad) o&-2{mrad] o-3(mrad) ©-4(mrad)

OO0 S8

felalele ol Doy i DL L o elelelgy L1 1 ]

0.3

L LY ]

o000

GeV

0.7 GeV
1.4°GeV
3:GeV

:
000080 DD

L ]

L ]

[ ]

L

o

[+]

[+]

o

. 50cm
[ ]

L

o

¢}

[+]

0 30cm
L

[ ]

i 20cm
g

S 2500
[+]



r{mm)

1200

1000

200

=]

-200

500

Tracks for different angles and energies

Energy ranges from .3 to 11 GeV

L {cm)
200
100
100
100

200

50 mm

Bspee (Gauss) [ 5-aéirm]

B88888

0.008
0.004
0.004
0.005
0.0075
0.004

EEE]

&1 (mrad}

@ 2 (mrad}

1000

@ 3 (mrad)

e84 (mrad)

z {cm)

0-1 {mrad)

1500

o-2 (mrad)

(CDDDEONDIE e B0 0D e

o-3 (mrad)

o -4 (mrad)

I eSS eee 288000 088

2000

D GDEEEEEs ¢8I0 0C0 088

0.3 GeV

o
~

1.4

cﬂmu‘-ﬁm o@o.oooo L L2 L]

2500

50 cm

30 cm

20cm

eV



Rate (GHz/uA/1mm)

—L
-
L2

—L
-
M

10

Radial Distribution End of the Hall Plane

Bin size is 100 MeV

primaries

Field Map Configuration
Maminal
Worst Case

Realistic Daviation from Nominal

Qld Mominal
Old Worst Case

2000 4000 6000

10 (GHz/uA/100MeV) *

8000

10000
Incident Energy (MeV)

E

Rate (GHz/uA/1m

10*

102

Radial Distribution End of the Hall Plane

All particles

Field Map Configuration

o

| 1 1 1
2000 4000

1
6000

8000 10000
Incident Energy (MeV)



