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Ideal Electric and Magnetic Fields
NI AT
IR

_ 1915y

Correction . Correction
B-field lon+ B-field -
| T ! % ] fayro = 5— ~ 20 GHz (T = 60 ns)
!
E-drift e- Main rvrm
y

EEEEEEEDR
Pixel detector
Correction I Correction
R

OI—'NWJ;

Clara Fleisig, 04 Mar 2024

HL-LHC BGI Meeting




BGIl Requirements

Hilu I, CERN _ o
‘ it iyttt /) HL-LHC BGI Meeting Clara Fleisig, 04 Mar 2024



Requirements

S 50 o %<z.5%
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Beam size uncertainty comes from:

2 2 2 2
de de (66 ( j de A A
Aen = (-ao_ AO’> + (ﬁ{ﬁj + 3 Vr | + % =3 _En 2—0_

Beam size systematic uncertainties are dependent on:
1. Space charge
2. Electric field uniformity and strength
3. Magnetic field uniformity and strength
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BGI Beam at 0y [mm] o, [mm]
Standard Injection 1.171 1.081
Collision 0.319 0.302
eam e use POLAR ect
y p Bong  Mmiecton 1054 0977
Collision 0.319 0.302
Injection 1.166 1.087

Standard

« 2.2ell protons/bunch BGIV.SLABI Collision 0318 0.302
. . . . BCMS In_]en?tllon 1.049 0.978
 Simulated 60,000 ionization electrons protons Collsion_0318 0302
; ; : Standard  Dection L. ‘
e ~15ms Integration time BGIHLSRA B2 Collision 0322  0.296
. . . T BCMS Injection 1.171 1.068
+ ~0.29 % statistical uncertainty Collision 0322 0.296
Standard miection 1166 1071
Space Charge of "Worst Case" Beam BGIV.5R4.B2 C(‘)]hs.mn 0.321 0.296
15001 BCMS Injection  1.049 0.963
Collision 0321  0.296
1000 { BGI Beam at ox [mm] o, [mm]
baseline Injection 2505 2.323
BGIL.5LAB1 Collision 0.416 0.390

500 25 15 opioy Miection 3102 2.877
DS OPUON —= lision 0492 0.461
Tnjection 2494 2.326

= baseline Collision 0414 0391
i _ BGIV.5L4.B1 75 ns option LRicction 3.089  2.880
500 jons Cglhs.lon 0.490 0.461
baseline In]ecftllon 2.505 2.285
BGIH.5R4.B2 Cglhs.lon 0.418 0.383
10004 75 ns option Injection 3.101 2.830
Collision 0.494 0.452
baseline Injec‘ti.on 2.494 2.291
1500 | | | ‘ ‘ | BGIV.5R4.B2 Cglhs}on 0.416 0.383
—0.015 -0.010 —0.005 0.000 0.005 0.010 0.015 75 s o tion In]ectlon 3088 2‘836

x [m] p

Collision 0.492 0.453

5 ***Tables from BGV/BGI Review on 19t October 2022
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Complications from Non-Uniform Fields

(neglecting space charge)

#(t) = Q_’; X r_’c) +—=1 0 E', y'(0) electric field in “prime” frame of reference,
0 0 where B = B, 9’, from Bittencourt et al.

—E', 0 0 Solution to Lorentz equation for non-uniform

ExB Drift Rotate to BGI’s frame of reference to
consider non-uniform magnetic field

: : a — <« of rotation about 7’
F(t) = Ryior (a' Y)F,(t) Y — < of rotation about X*

1 0 0 cosa sina 0
R._  (ay)=(0 cosy -—siny —sina cosa O
0 siny cosy/ .. 0 0 1/ 1

Ly Y @ - .
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https://beckassets.blob.core.windows.net/product/readingsample/384315/9780387209753_excerpt_001.pdf#page=17

Understanding Profile Shift

(neglecting space charge, omitting cyclotron motion)

Eysinacosasiny + E,, siny cos? @ — E, cosy cos a
|B|

xs(t) = + E(Ex sina cosy + Ey cosacosy + E, siny) sinat

@ B,-0ey-0

E.B q 5 .
cosa + - (Exsin® a + E,, sina cos a)t

zOy
|B|

xs(t) = —

| B,
. (t) _W( (ExBy + EyB)t — E,B,)
f \ ExB Drift

Accelerating drift
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Magnetic Fields
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MDXL Magnet

150 mm space iny

Modification of original
MDX magnet to enlarge
space for instrument

. “Affordable option”
. B, =610 +
1 mT (0.1% error)

« B,=3+2mT (ﬂx
By

100% = 0.44%)
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Rolls
Royce -
Magnet

. Expensive low
distortion option

‘;{&

f .+ B, =598.04 +

’f 0.01 mT (0% error) 0025
N 0.020
| « B =002+ ]

‘ 0.01 mT (ﬂ x ; -
By 0010

0.005

100% = 0.003%)

0.000

Bx
Bz
0-030 E
=10 -5 0 5 10

x (mm) * (mm)
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Electric Fields
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CF250 Design
Electric Field

- E, =500 + 40
m
(7.7% error)

« E =65 +20Y
m

r

X 100% = 13%)
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SPS Design’s
Electric Field

z (mm}

+ E, =220 + 10
m
(5.9% error)

.« E. =54 +23Y
m

z (mm}

\ E,
— X 100% = 25%
Ey

20
=10 -5 o 5 10 =10 -5 o 5 10
2 . . CERN * (mm) * (mm)
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Results
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Uniform Electric Field (Centered)

0.6T-Bs_Uniform-Es

2000

1500 1

1000 +

500 4

¢
4

Rel. sigma error: 0.3060%
AD test stat: 0.60

KS test P-value: 0.0191
RMS difference: 0.0228
Chisquare/dof: 0.5568
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Transverse position [mm]

Counts [a.u.]

Std. difference [a.u.]

MDXL-Bs_Uniform-Es

4 initial Rel. sigma error: 1.7431%
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Uniform Electric Field (Worst Case)

RR-Bs_Uniform-Es MDXL-Bs_Uniform-Es
initial Rel. sigma error: 0.1173% 1 ¥ initial Rel. sigma error: 1.6961%
2000 : ot AD test stat: 0.24 2000 b final } wh AD test stat: 0.43
KS test P-value: 0.4689 # ﬁ I KS test P-value: 0.0000
RMS difference: 0.0127 ‘l' ” + RMS difference: 0.1962
‘b Chisquare/dof: 0.5894 by ) &h\square.idof: 219.8616
1500 - § \ 1500 ’ f
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Counts [a.u.]

std. difference [a.u.]

CF250 Design Electric Field (Centered)

2000 4 i
¢
1500 +
1000 A
500 4

Rel. sigma error: 1.9868%

0.6T-Bs_CF250-Detailed-Es
AD test stat: 0.31
KS test P-value: 0.0286

A RMS difference: 0.0316
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Counts [a.u.]
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CF250 Design Electric Field (Worst Cases)

RR-Bs_CF250-Es RR-Bs_CF250-Es
17507 4 initial ' Rel. sigma error: 0.3749% }  initial Rel. sigma error: 0.3221%
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Counts [a.u.]

std. difference [a

SPS Design Electric Field (Centered)

0.6T-Bs-S5PS-Es
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Counts [a.u.]

Std. difference [a.u.]
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Counts [a.u.]

SPS Design Electric Field (Worst
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MDXL-Bs_SPS-Es
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LHC BGI beam size measurement accuracy as a function of correction magnetic field strength
for protons and ions at 7 Tev.

0.3
| +-2% interval

5% to 2% interval
>5% interval

| lon beam

I Proton beam

0.2

0.1

0.0

Relative beam size error [(Omeasured — Obeam)/Tbeam]

0.0 0.2 o 6 08

.4 0.
Magnetic field strength [T]
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Uniform
Electric
Field
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Std. difference [a.u.]

0.6T-Bs_Uniform-Es

$ initial Rel. sigma error: 0.3060%
2000 1 b final AD test stat: 0.60
KS test P-value: 0.0191
? RMS difference: 0.0228
[} ) Chisquare/dof: 0.5568
1500 { ! “
1000 + ’ *
' 3
¢ [
g [
500 - 3 5
!' []
.
LY
04 ——————/ k——-——
-2 -1 o] 1 2
Transverse position [mm]
2.5 4
0.0 §
25
T T
-2 -1 0 1 2

Transverse position [mm]

HL-LHC BGI Meeting

0.7T-Bs_Uniform-Es

Rel. sigma error: 0.1531%
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CF250
Design
Electric

Field

0.6T-Bs_CF250-Detailed-Es
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Counts [a.u.]

Std. difference [a.u.]
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Transverse position [mm]




