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Introduction

What is a Quadrupolar Pick-Up (PU)?

* an electromagnetic Pick-Up, e.g. a BPM
* measures the 2" order term (quadrupolar moment)
of the electrode signals.

a 12sin(a/2)
+— X

Upqg < —
hl 2T P T

1 sin(a) 2 2 2 2
+ ;;z-—;;——'(Cﬂx — Cﬂy + x“ — y ) + .-

Quadrupolar Term
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Introduction

What is a Quadrupolar Pick-Up (PU)?

* an electromagnetic Pick-Up, e.g. a BPM
* measures the 2" order term (quadrupolar moment)
of the electrode signals.

a 12sin(a/2)
+— X

Upqg < —
hl 2T P T

1 sin(a) 2 2 2 2
+ ;5'—:;——'(0§;'— 03,-+.x -y ) + .-

Quadrupolar Term

Motivation

_ . Wire Scanners (WS)
Support of Beam Size / Emittance measurements

- Partially distractive

- Limited by Intensit
» Non-intercepting Y y

> Existing PU technology (BPMs) Synchrotron Light Monitors (BSRT)
> Energy independent - Need WS for calibration

- Limitations during energy ramp
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Standard Measurement Technique

PU signals as a multipole expansion
Uhl = ib :CO + Cle + CzQ + C3M3’x + ---
Una = ip|co — 1Dy +€2Q — c3M3y + -

Uy =1 :CO + 1Dy — Q0 +c3M3z + -

Uy, = ip|Co — 1Dy — 20 —c3M3 + -+
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Standard Measurement Technique

PU signals as a multipole expansion

[ Uhl = ib :C0+C1Dx +C2Q+C3M3’x+'”
Zhor - T
Unz = ip|Co — €1Dx + 20 — 3 M3z, + -+
[ Uy =1 :CO + 1Dy — Q0 +c3M3z + -
X . T
ver UUZ =1 _CO — ClDy — CzQ — C3M3’y + .-
Cancel Dipolar moments Cancel Monopole moment

Zhor = ZlpCo + 21pC2( Lpor = Zyer = 4ipC20

Yper = 21pCo — 21pC
ver bt0 pC20 Normalize by intensity

_ Zpor — Lyer C_2

q= —
Z:hor + Z:ver Co
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Standard Measurement Technique

PU signals as a multipole expansion

[ Uhl = ib :C0+C1Dx +C2Q+C3M3’x+'”
Zhor - T
Unz = ip|Co — €1Dx + 20 — 3 M3z, + -+
[ Uy =1 :CO + 1Dy — Q0 +c3M3z + -
X . T
ver UUZ =1 _CO — ClDy — CzQ — C3M3’y + .-
Cancel Dipolar moments Cancel Monopole moment

Zhor = ZlpCo + 21pC2( Lpor = Zyer = 4ipC20

Yper = 21pCo — 21pC
ver bt0 pC20 Normalize by intensity

_ Zhor — Zyer C2 Pretty straightforward...

q — Shor + Zper — Co but very challenging
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Challenges (1)

Low Quadrupolar Sensitivity

General Case

a 12sin(a/2)
- X Uhl 0(C0+C1Dx +C2Q+

2t p m
lr;(a) (0_9?_0_}%+x2_y2)+... %o((o-x’y/p)z K1

Co

Uhl (0.4

Multipole moment i decrease as « 1/p!

Channel asymmetries = large offsets
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Challenges (1)

Low Quadrupolar Sensitivity

U a 12sin(a/2) General Case
A T U o+ 61Dy + 20 + -
in(a) c .
6 T (0'93 - 0'3% + x?2 _yZ) + ... z_Q o (O‘x’y/p) « 1
0

Multipole moment i decrease as « 1/p!

Channel asymmetries = large offsets

ideal world

. realistic case
symmetric channels

small asymmetry
Zhor = ZibCO + ZibCZQ th‘ = Zahibco + ZahibczQ

Yper = 21pCo — 21pCQ Lper = 20ylpCo — 20,1, CQ

‘ ‘ offset
_Co Zpor — Zyer =0 _ G Zpor — Zyer - CoQp — Gy
m = - m — ~ -
C2 Zpor T Lyer Co Zpor T Lyer Cxap + ay
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Challenges (1)

Low Quadrupolar Sensitivity

a 12sin(a/2) General Case
in(a) .
6 —— (0 —af +x* —y?) + - z_Q o (,/p)° « 1
0

Multipole moment i decrease as « 1/p!

Channel asymmetries = large offsets

Example: LHC PUs

Error considering an

. - asymmetry in one channel
0.008 ! Collimator BPMs(60 limit) iy N
- | 5
= s Button PU (o = 24.5mm) §40,
“a 0.004 | §30-
= Button PU (p = 30mm) |
0.002 J ol -
: Q =1mm
0 ‘ ; H 0 ‘ ‘ ‘ ‘ -
10 15 20 25 30 35 0 02 04 06 08 1

Half Aperture p (mm) Cabling Asymmetry (%)
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Challenges (2)

Parasitic Position Signal

/

beam size signal
to be measured

Typical values in LHC PUs

[450 GeV] —> Qs - 0.30 — 1.50 mm?
[6.5TeV] — Q, - 0.05 —0.30 mm?

Even small beam displacements may
result in large parasitic signal @,

\

position signal
parasitic

X (mm)

14/05/2018
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Problem — Overview

Fundamental Unfavourable Destructive
Limitations Conditions Measurement Effects
Low quadrupolar sensitivity | @symmetries Beam size information
(electronics, cabling, lost in large offsets
Up1 X co +¢1Dy + 20 + - geometrical)

N /
[CZQ K ¢o ]

* %k

Parasitic Position Signal

_ 2 2 2 _ 2

off-centered beam

q

Beam size signal lost in
parasitic position signal

** Noise from electronics may significantly affect the quadrupolar measurements.
However, existing BPM acquisition systems typically achieve sufficient resolution.
Example: ~1um position resolution 2 ~0.01 — 0.02mm? quadrupolar resolution

14/05/2018
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Problem — Overview

Fundamental
Limitations

Unfavourable
Conditions

Destructive
Measurement Effects

Low quadrupolar sensitivity

Uhl X Co + Cle + C2Q + .-

N /
[CZQ K ¢o ]

* %k

Parasitic Position Signal

_ 2 2 2 _ 2

off-centered beam

ﬁ

Beam size signal lost in
parasitic position signal

** Noise from electronics may significantly affect the quadrupolar measurements.
However, existing BPM acquisition systems typically achieve sufficient resolution.
Example: ~1pm position resolution = ~0.01 — 0.02mm? quadrupolar resolution

14/05/2018
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Subtract Position Signal

Direct subtraction
Manipulate PU as a beam position monitor (BPM)

1. Measure the beam position
Un1 — Upe Upyr — U2
Xy =P | —— =P|—
" (Um + Upe Ym Uyr + Uy

2. Subtract the parasitic signal

Qa,sz_x%l‘FYr%
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Subtract Position Signal

Direct subtraction
Manipulate PU as a beam position monitor (BPM)

1. Measure the beam position
Un1 — Upe Upyr — U2
Xy =P | —— =P|—
" (Um + Upe Ym Uyr + Uy

2. Subtract the parasitic signal

Qa,sz_x%l‘FYr%

Is this subtraction sufficient to cancel
the position signal?
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Subtract Position Signal

Direct subtraction
Manipulate PU as a beam position monitor (BPM)

1. Measure the beam position, with certain accuracy
Up1—U U, —U
xm=P< . ) ym=P< : >
Un1 + Upe Uy + Uy

2. Subtract the parasitic signal

Qa,sz_x%l‘FYr%

Is this subtraction sufficient to cancel
the position signal?
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Subtract Position Signal

Direct subtraction
Manipulate PU as a beam position monitor (BPM)

1. Measure the beam position, with certain accuracy

Xm =X+ Ax :Vm:y+Ay\

Remaining Error:

2. Subtract the parasitic signal > 0 ~ 2xAx
x,rem =

Qa,sz_x%l‘FYr%
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Towards a Movable PU..

Direct subtraction
Manipulate PU as a beam position monitor (BPM)

1. Measure the beam position, with certain accuracy

Xm =X+ Ax :Vm:y+Ay\
Remaining Error:
2. Subtract th itic si |
ubtract the parasitic signa > meem ~ 2xAx
Qsm = Q_x%l+Yr$1
/
Subtraction by Alignment (Movable PU) Movable PU
1. Measure the beam position, with certain accuracy (in both axes)
Xm =% + Ax Y =y + Ay ) nffte ~— ® h,
2. Align PU according to (X, Yim) >~ | Remaining Errc;r:
X' ~ Ax , Qx,rem ~ Ax
~ y = Ay
/
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Towards a Movable PU..

Direct subtraction (Fixed PU)

Measure & subtract beam position

Example
0.4 : : T |
=0 = 50um, a = 0% - fixed
L. 0.35H~ © =0 =50um, a=2% - fixed ’,O
o 0 =50um, a = 0% - movable ’
Remalnlng Error: 03 »-_z-_o=50;:m,a=2%-movable "G
Qxrem = 2xAx & e o
E o’
—= 02} al
g 045
1% | S )
Subtraction by Alignment (Movable PU) 0.05
Measure beam position & align PU 0 05 1 15 2

Beam Displacement (mm)

Remaining parasitic signal considering

o offset, o, & scaling, a, errors in
Remaining Error. position measurement:

~ 2
Qx,rem ~ Ax

Ax = o0+ ax
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Problem — Overview

Fundamental
Limitations

Unfavourable Destructive
Conditions Measurement Effects

Low quadrupolar sensitivity

Uh10CC0+C1Dx +C2Q+
N /
[CZQ K ¢o ]

Parasitic Position Signal

_ 2 2 2 _ 2

Beam size signal lost in
parasitic position signal

\ Align PU with

the beam

———

off-centered beam —

movable PU
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Problem — Overview

Fundamental Unfavourable Destructive
Limitations Conditions Measurement Effects
asymmetries Beam size information

Low quadrupolar sensitivity

Uhl X Co + Cle + C2Q + .-

N /
[CZQ K ¢o ]

. . — .
(electronics, cabling, lost in large offsets ¥
geometrical)

Could we use movable PUs
to remove the offsets?

Parasitic Position Signal

_ 2 2 2 _ 2

Beam size signal lost in
parasitic position signal

\ Align PU with /

the beam

—

off-centered beam —

movable PU
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Aperture Scans

Consider a (theoretical)
circular PU able to
change its aperture p

a 1 sin(a)

Shor € — +
hor 27_[ pz T

Co Co

14/05/2018
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Aperture Scans

Consider a (theoretical)
circular PU able to
change its aperture p

a 1 sin(a)

Shor € — +
hor 27_[ pz T

Co Co

r coeff. (mm?)

600

5001

400t

300

2007

100

Co
r=—
Co

15 20 25
aperture p (mm)

30

14/05/2018
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Aperture Scans

Consider a (theoretical)
circular PU able to
change its aperture p

a 1 sin(a)

Shor € — +
hor 27_[ pz T

Co Co

600
Co
~ 500 |1 = —
o
S €2
S 400t
h.f =
@ 300}
(@]
o
. 200f
Q+ - 100~ ' -
15 20 25 30

aperture p (mm)

Monopole & Quadrupolar Calibrate PU system

moments change differently _>bl " (e.g. electronics/ cabling)
w.r.t. to the aperture change stable eim ‘o
reference point

14/05/2018 24



Aperture Scans

600
Consider a (theoretical) PR S
circular PU able to g Co
change its aperture p h, E =
' S 300!
(@]
O
) ~ 200
5 a 1 sin(a)
o — cee 00— g ;
hor = o + p2 Q+ 199715 20 25 30

aperture p (mm)
Co C2

MOnopilecﬁa(iuzdg't;fei:\;tl Calibrate PU system
ot moments i — : :
A more realistic w.r.t. to the apegrture changZ stable beam  (e.g. electronics/ cabling)

example?
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Aperture Scans

600
Consider a (theoretical) ~ Co
i £ 5000 [T = —
circular PU able to 2 Co
change its aperture p g 400/
:G:) 300
]
o
. ~ 2007
5 a 1 sin(a)
OC - 00 . . g
hor 21 " pz T 075 20 25 30

aperture p (mm)
Co C2

Monopole & Quadrupolar

Calibrate PU system
moments change differently = Y

w.r.t. to the aperture change stable beam  (-g. electronics/ cabling)

A more realistic
example?

PU button

LHC Collimator with
embedded PU
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Aperture Scans

600
Consider a (theoretical) _ %o
i £ 5000 [T = —
circular PU able to S C
change its aperture p \Ez i
S 300!
(@]
o
) ~ 200t
5 a 1 sin(a)
OC - 00 . . g
hor 21T T p2 T 199715 20 25 30
aperture p (mm)
Co C2
Monopole & Quadr.upolar Calibrate PU system
A listi moments change differently =——> . .
more realistic t 10 th . h stable beam  (e.g. electronics/ cabling)
w.r.t. to the aperture change
example? P g
500
. . ~—~ 4507
Consider a pair of Hor. U o [T
& Ver. collimators gl 9= £ .
£ = y
.'g“ o 300
S : S Ll Obtained via EM
“ ~ simulations
2 150 : : : ; ‘
[ 1
1 L 0 15 20 25 30

Experimental Setup

T P T
main axis

Jaw gap g (mm)

14/05/2018
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The d-Norm Method

r coeff. (mm?)

Consider a movable PU, able to

change the aperture

500

450+

4001

3501

3001

2501

2001

150

10

15 20 25 30

Jaw gap g (mm)

Consider some asymmetry
between the Hor. & Ver. channels

Xp = aplp(co + c2Q)

Xy = ayip(co — Q)

14/05/2018
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The d-Norm Method

4 gr,
- ®
—\ —
Reference <
measurement
500
450
&
400
S
I R
~ 1
&= s00f I
@ |
8 250|— 161 _ _ :
&~ 200} " :
‘Gref 1G9

Consider a movable PU, able to
change the aperture

150

10

15 20 25

Jaw gap g (mm)

30

Consider some asymmetry
between the Hor. & Ver. channels

Xp = aplp(co + Q)
Xy = ayip(cy — Q)

Perform 2 measurements with different apertures

14/05/2018
/05/ -



The d-Norm Method

Consider a movable PU, able to
change the aperture

Consider some

asymmetry

between the Hor. & Ver. channels
Zp = aplp(co + c2Q)

Xy = ayip(co — Q)
— Yre
Perform 2 measurements with different apertures
® ® .
L cancel the asymmetric
1t normalization NS an
:\\ —\ g h» Yv
< : .
e P
h — - . - - .
z:h,ref lb,ref(rref + Q) v z:v,ref lb,ref(rref - Q)

500

450
5/1-\ 400
£
S a0f—=—===m———————— =
&+ soo) :
() 1
S 2sol- T€L__ :
~ 200+ | :

. ‘Gref 1G9 |

10 15 20 25 30
Jaw gap g (mm)
14/05/2018
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The d-Norm Method

Consider a movable PU, able to
change the aperture

Consider some

asymmetry

between the Hor. & Ver. channels
Zp = aplp(co + c2Q)

Xy = ayip(co — Q)
— Yre
Perform 2 measurements with different apertures
® ® .
L cancel the asymmetric
1t normalization NS an
:\\ —\ g h» Yv
measrement DA G 'R PR S )
h — - . - - .
z:h,ref lb,ref(rref + Q) v z:v,ref lb,ref(rref - Q)

500

450 . . .
— 279 normalization 1 normalize Intensity
N 400
£
§ ®ommooomoomooo g R Sh T+Qrrer— 0

| —_ —

§ 3007 i Sy T —=QTres+Q
O 250f— — 5% - — |
~ 200+ | :

. ‘Gref 1G9 |

10 15 20 25 30
Jaw gap g (mm)
14/05/2018
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The d-Norm Method

Consider a movable PU, able to
change the aperture

Consider some asymmetry
between the Hor. & Ver. channels

Xp = apip(co + c2Q)

Xy = ayip(co — Q)
— Yre
Perform 2 measurements with different apertures
® ® .
L cancel the asymmetric
1t normalization 3ins ar .
:\\ —\ g h» Yv
e P
h — - . - - .
z:h,ref lb,ref(rref + Q) v z:v,ref lb,ref(rref - Q)
500
—~ “ 2" normalization 1 normalize intensity
N 400
£
A il R Sh T+Qrrer— 0
! = =
§ > i Sv r— Q Tref T Q
O 250/= === ==
ool ! i Q obtained by double-normalization (d-Norm)
| Gref |
150, 1|5 e 20 gis 30 Q . rrref 1-R
Jaw gap g (mm) ~7"_7"vref1+R
14/05/2018
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First Observations

Experimental Setup: Collimator BPMs

secondary axis

L
T e TE 1
main axis

Separate channels of PU electrodes

Dioded-based electronics (DOROS) — high resolution
(better than 1um for position measurements)

Select a pair of Hor. —=Ver. Collimators to form 4-
electrodes PUs

4 PUs in total by combining upstream/downstream
collimator BPMs

14/05/2018
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First Observations

15t phase: PU alignment

’ b
| Experimental Setup —\

J
secondary axis

main axis
Direct alignment on the main axis

Quadrupolar measurements on
the secondary axis:

Q =05 — 0y +x%—y?

During scans on the
secondary axis

Qn = Qno —y>  Hor. collimator

Qy = Quo + x>  Ver. collimator

14/05/2018
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First Observations

15t phase: PU alignment

secondary axis

Experimental Setup

{

T e TE 1
main axis

* Direct alignment on the main axis

* Quadrupolar measurements on

the secondary axis:

Q =05 — 0y +x%—y?

secondary axis

l During scans on the

2

Qn =0Qno—Yy
Qy = Qv,O + x°

Hor. collimator

Ver. collimator

Alignment process on the secondary axis

0.02 1

o o
o e
e w

Normalize quantity R,
=
921

0.06 1

=== dHor - uVer
=== yHor - uVer

. Zpor — Zyer
1 2:hor + 2:ver

Constant gap

e |9 =412mm
'/ |

.y(],(lu S E

5 BT B "
Vertical Displacement (mm)
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First Observations

15t phase: PU alignment

secondary axis

Experimental Setup

T e TE 1
main axis

Direct alignment on the main axis

Quadrupolar measurements on
the secondary axis:

Alignment process on the secondary axis

0.02 1

e
o
w

Normalize quantity R,
o
<

0.06 1

0.05

=== dHor - uVer
=== yHor - uVer

' |
-
- I e
~

. Zpor — Zyer
1 2:hor + 2:ver

| Constant gap
Ll Vi g =41.2mm
’l‘ .y(]A(Iu\ i E/ |
4 2 0" 2 4

Vertical Displacement (mm)

Scan around beam center after alignment

_ 2 2 2 2
Q=o0x —0y+x“—y |
’ ‘ FTEE
i L or-u
During scans on the 20 - dHor-dVer
. e 2 _+ uHor-dVer
secondary axis s 15 :
= — expected AQ = Ay ¥
o 1.0 i
: < .15
Qn = Qno —y>  Hor. collimator o
-2.0 : ‘
— 2 . — expected AQ = -Ay 0 ¢
Qv = Quo +x=  Ver. collimator I o iy ) SN L. ot S
Ay (mm) Ay (mm)
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First Observations

2"d phase: absolute & differential measurements

Ver. Blow up

(diff. measurement)

1.01;
1.00 ===
0.991

Normalized Quantity R

Aperture scans

(abs. measurements)

I

—— BPTUH.A4L5.B1, BPTDV.A4L5.B1
=== BPTUH.A4L5.B1, BPTUV.A4L5.B1
—-— BPTDH.A4L5.B1, BPTDV.A4L5.B1
—— BPTDH.A4L5.B1, BPTUV.A4L5.B1

16|

Aperture scans
(abs. measurements)

6 12:08

Hor. Blow up
(diff. measurement)

14/05/2018
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First Observations

2"d phase: absolute & differential measurements

—— BPTDH.A4L5.B1, BPTUV.A4L5.B1 — BPTDH.A4L5.B1, BPTUV.A4L5.B1
1 Ver BIOW up -- BPTDH.A4L5.B1, BPTDV.A4L5.B1 1 5,--- BPTDH.A4L5.B1, BPTDV.A4L5.B1
5 ’ —-— BPTUH.A4L5.B1, BPTDV.A4L5.B1 . —-— BPTUH.A4L5.B1, BPTDV.A4L5.B1
— BPTUH.A4L5.B1, BPTUV.A4L5.B1 — BPTUH.A4L5.B1, BPTUV.A4L5.81
1.0 ' 1.07
N\ ~
NE 0.5 NE 0.5
0 01
g S
> 05 o 05
< 10 < . Hor. Blow up
-1.5 15
0 30 60 90 120 150 180 0 60 120 180 240
time (sec) time (sec)
~ 2 2 ~ 2 2
AQ = _(Uy - Gy,ref) AQ = (Gx O-x,ref)
Rdnorm -1
AQ = T
1+ Rdnorm
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First Observations

2"d phase: absolute & differential measurements

o BPTDH.A4L5.B1, BPTUV.A4L5.B1 |
v BPTDH.A4L5.B1, BPTDV.AAL5 81
x Bmumu.m,mvmu.ml
4 BPTUH.A4LS.B1, BPTUV.ALS.B1 |

A
AL, A A M s
'X‘A‘AA“““M“ i

44
Sttt Sttty
B xob X o 00
v o Nw""m“‘."
Yy

.

v AAAL
vy 'V"v'vv"w.'v
v

g = 22mm —>_‘18mm - 14mm

e LY YUYV VY Y

22 2 T SR LA L T L T

g = 14mm - 22mm

scan #2

Ver. Blow up
—_—

x
A
ak
v
L]

W
T o

-g = 14mm - 18mm - 22mm

scan #3

scan #1
mm Qdiffl  Qabs3 (mm?)
(mm?2)  Estimation**
DH - UV 0.25 0.29 -1.09 -0.80
DH - DV 0.14 0.14 -1.20 -1.07
UH - DV 0.54 0.55 -1.22 -0.68
UH - UV 0.64 0.71 -1.12 -0.41

-0.87

-0.71
-0.21
-0.37

0.07

-0.36
-0.47
-0.04

>l<*QB,est =Q,+AQ;
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Understand the Uncertainties

Quadrupolar Component (mm?)

2.0

1.5

1.0+

0.5

0.0 1

-1.51

=-2.0

_ Discrepancies using different

; e BPTDH.A4L5.B1, BPTUV.A4L5.B1 |
H-V Coll. pair .
: v BPTDH.A4L5.B1, BPTDV.A4L5 B1
x  BPTUH.A4LS.B1, BPTDV.A4L5.B1
a  BPTUH.A4L5.B1, BPTUV.A4L5.B1
A . A
AA A AL by, A, Yy a
) adaah T B ALAARLAAN, A ARAMACARAA LA R 0NA
O XgBX X g0pxgX XX ox. 00080
L il Ui AW ° . ’30.::="'='C'9== s:,.v,v::g:g:gl

AAL
v Vy 'v"v'vv"vv"v

Using different gap we get
different measurement

T
11:49:05

T T T T
11:49:35 11:49:50 11:50:05 11:50:20

Time

T
11:49:20
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Aperture Measurement — Limitation?

Qm (mm?)

Consider an error in the measurement
of the reference gap, grer

1.6

Jref = 16mm —¥—9, o FTON: 5um
1.5 —6—g, . error: 10um| |

18 20 22 24 26 28
Jaw Gap g (mm)
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Aperture Measurement — Limitation?

Qm (mm?)

Consider an error in the measurement
of the reference gap, grer

1.6

1.5

147

137

1.2

117

| Jref = 16mm

- e e e B EE N S BN mm e e e B BN S Em mm
— el W G SN N G GE GE WS WS N M MR e e e

—'—gh?ref error: 5um
—©—g, . error: 10um
= = =abs. error: 5um

= = =abs. error: 10um \ Consider the same
error for all gaps g

Q = 1mm?

22 24 26 28
Jaw Gap g (mm)
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Aperture Measurement — Limitation?

Qm (mm?)

Differential vs Absolute Error

1.6

1.5

147

137

1.2

117

| Jref = 16mm

—'—gh’ref error: 5um

]- Differential errors are crucial
—©—g, . error: 10um

= = =abs. error: 5um

R — :|- Absolute errors = acceptable

Q = 1mm?

o o me e e e B BN N BN EE Em e e e B BN S Em mm
P e e e S M SN SN GE BN G GE WS N M WS MM e e e e

20 22 24 26 28
Jaw Gap g (mm)
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Aperture Measurement — Limitation?

Differential vs Absolute Error

1.6

—'—gh?ref error: 5um

—&—g, . error: 10um
= = =abs. error: 5um

B Jref = 1l6mm

Q> 147 = = =abs. error: 10um
S

& 13}

< T Q = 1mm?

117

o o me e e e B BN N BN EE Em e e e B BN S Em mm

18 20 22 24 26
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What about Non-Linearities?

channel v, Active component§ may introduce
0,1 offsets/ non-linear terms
0= ay+ a;l + a,l?
channel hy —— . .
L Ony d-Norm method is optimized
to cancel linear asymmetries
(in the whole channel)
_ _ 2
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1 —e—a, =0.003a, | | ' l ‘ = & =d-Norm corr
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d-Norm Method: More Studies

— BPTUH.4R5.B2
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ldentifying Uncertainty
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ldentifying Uncertainty
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ldentifying Uncertainty

Qchange
25 T T

Additional overview via S N —— N T
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d-Norm Method — Modified

Movable PU

-----

vlwi .
. ; non-linear
linear
ts ' components
componen - (quasi-linear)
Vt,hl k _/
E Switches
Linearity Symmetry
D e

. —
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d-Norm Method — Modified

Movable PU

-
.

Vlwi "
: - non-linear V., .,
linear ; '
| components
components : (quasi-linear) Vn hi
Vt,hl '
Linearity : Symmetry A oy
' ready applied in LHC
— | —» y app

DOROS BPM system*

*M. Gasior, “Calibration of a non-linear beam position monitor electronics (...)"”, Proceedings of IBIC 2013
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d-Norm Method — Modified

Movable PU

-
.
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Differential Measurements

Promising differential measurements during PU alignment, during ADT blow-up
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Differential Measurements

Promising differential measurements during PU alignment, during ADT blow-up

O . -— BPTDH.A4L5.B1, BPTUV.A4L5.B1
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Summary

* Quadrupolar Measurements
» simple concept but very challenging in reality

* Fundamental Limitations
» Low quadrupolar sensitivity = large offsets
» Parasitic Position Signal -> big errors when beam is displaced

* Movable PUs
» Sufficiently cancel position signal (direct subtraction do not work
for large beam displacements)
» Calibrate the measurements system via aperture scans

* Proposed Approach:
» Double normalization (d-Norm) to remove linear asymmetries
» Symmetric electronics architecture for non-linear components
(still missing!)

Next Steps:
* Try measurements with symmetric electronics
e Systematic studies with differential measurements during the ramp
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Thank You for your attention!

and special thanks to
Thibaut Lefevre, Marek Gasior, Jacub Olexa, Manfred Wendt, Gianluca Valentino,
Alessio Mereghetti, Stefano Redalelli
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Emittance Measurement

Consider two PUs at different, low dispersion, locations

1 1
0 = g0e, - Ve,

Q@ = pPe, — :33(12)‘93/

The emittances can be derived by
solving the above linear system
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