4D Transverse phase space
characterization using VPP

Review of VPP

Gun quad angle scans
4D TPS

Namra Aftab

PPS
20.04.2023

HELMHOLTZ &iciiitees



4D TPS

 PITZ - space-charge dominated beams
« Slit scan methodology - 2D phase space
« Virtual Pepper Pot (VPP) - 4D phase space

 Whatis VPP Technique?

» Crossing of horizontal and vertical beamlets - PP-like beamlet
» Corresponding horizontal and vertical slit positions - PP-like mask
« Eliminates mechanical design considerations

« Multi-shot method relying on stable machine operation
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Virtual Pepper Pot Technique

Crossing of beamlets and EMSY mask

Result of crossing horizontal and vertical beamlets

H1Scr1: xrms = 0.3455mm_yrms = 0.0184mm

H1Scr4: xrms = 0.7034mm yrms = 0.1585mm

Pixel-wise minimum
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EMSY: xrma = 0.36%00mm yrms = 0. W0imm

VPP

Algorithm Beamlet | I
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Charge Cut (simulated beam + noise from experiment) if (o)

Horizontal scan Beamlets.

Verticle Scan Beamlets.
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[ Charge cut X ] o I [ Charge cutY ]

1D charge cut = 2D charge cut a i

* thresholding (u)

B Beamlets VPP ]
cutEmsy = Emsy > u

* Position shifting (A)
ProjcutEmsyPos = ProjcutEmsy + A
+ Scaling (A)

~

v
¢@(A,A) = sqrt(sum(|ProjcutEmsyPos — A.SoP|?)) [Beam VPP mask ]’

* Charge cut = sum(cutEmsy < u) / sum(Emsy)
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Gun quadrupole angle scan Q1 Q2

EMSY images 0 to 90 degrees

EMSY: xrms =0.1676mm yrms = 0.1578mm

ojection X
— projection Y

2
1
ok
-1
72 A
-3 I
3 2 -1 0 1 2
EMSY: xrms = 0.1968mm ymms = 0.3083mm
3 -2 -1 0 1 2 3

1500

EMSY: xrms = 0.1401mm yrms = 0.1421mm

3
ojection X
— projection Y
2
1
ok
-1
72 A
-3 !
-3 -2 -1 0 1 2
3 EMSY: xrms = 0.2179mm yrms = 0.3822mm
2
1
ok
-1
-2
3 L
-3 2 1 0 1 2

DESY. 4D TPS characterization using VPP | Namra Aftab | PPS

2501

2001

EMSY: xrms = 0.1572mm yrms = 0.1558mm

ojection X
ojection Y

2 1

EMSY: xrms = 0.2081mm ymms = 0.3672mm

2000
1800
1600
1400
1200
1000
800
600
400

200

2000

1500

1000

500

EMSY: xrms = 0.1596mm yrms = 0.1816mm

[S)

=)

EMSY: xrms = 0.2185mm yrms = 0.4008mm

2000

1500

1000

500

1800

1600

1400

1200

1000

800

600

400

200

EMSY: xrms = 0.1932mm ymms = 0.2586mm

3 1800
projection X
projection Y 1800
2 ]
1400
1 1200
1000
ol ]
800
-1 1 600
400
2 ]
200
-3 ]
-3 -2 1 1 2 3
3 EMSY: xrms = 0.22mm yrms = 0.3731mm
1800
2 ] 1600
1400
1 1200
1000
o
800
-1 1 600
400
-2
200
-3 0
3 2 2 3
Page 6



Gun quadrupole angle scan
EMSY images 0 to -90 degrees

EMSY: xrms = 0.1676mm yrms = 0.1578mm
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TPS

Fast scan vs VPP results
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TPS

Fast scan vs VPP results
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TPS

Fast scan -> scaled emittances
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TPS

VPP with 2D charge cut
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TPS

25
2
1.5
—&— Xemit VPP
Yemit VPP
1

v —

N A
TN

-100 -50

0 50 100

DESY. 4D TPS characterization using VPP | Namra Aftab | PPS

15

0.5

0

-100

50

100

=—4—cmitX Slit scan

emitY Slit scan

Page 12



VPP
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u horizontal slit scan
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VPP
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VPP

Horizontal phase space
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VPP
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VPP
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VPP

Horizontal ph'ése space

0.5

60 deg

[arb. units]
y' [mrad]

[arb. units]
X' [mrad]

Vertical phaAse space

-0.5

DESY. 4D TPS characterization using VPP | Namra Aftab | PPS

0 05
y [mm]

[arb. units]

[arb. units]

Horizontal phase'spdee® MM mraa

0.4

N

-0.5

X [mm]
TPS

0.5

-0.5

X [mm]

0.5

[arb. units]

[arb. units]

-60 deg
Vertical phgse.sp@@z
0.4
"ig 0.2
A
é 0
~s, 0.2
0.4
0.5
y [mm]
0.4
5 0.2
©
A
é 0
X 0.2 ]
0.4
-05
y [mm]

|
|

mm mrad

[arb. units]

[arb. units]

Page 18



VPP

Gun quad scan
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VPP

Gun quad scan
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VPP

Gun quad scan

Vertical phase space

LI

90 deg
Horizontal phase space
0.5
E t 3
E 0 > g o
= N =
- T -
X .02 S >
-0.5
-0.5 0 0.5 -1
X [mm]
TPS
0.5
':%-. _g %-. 0.2
! ; c
O 5 Py
-.;'.E__, 0 E 0
e —_—
> y & X g2
-0.5 .
-0.5 0 0.5 -1
X [mm]

DESY. 4D TPS characterization using VPP | Namra Aftab | PPS

0
y [mm]

[arb. units]

[arb. units]

Horizontal phase space

-0.5

0.5

-90 deg
0.4
L To2
s &
S T>=-02
-0.4
2 T o2
s ¢,
: &
| - -
© X .02

Vertical phase space

-0.5 0 0.5

y [mm]
TPS

05 0 05
y [mm]

[arb. units]

[arb. units]

Page 21



Fast scan

phase space of beam with 8=900
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VPP

« VPP ability to do 4D TPS diagnostics
* Insight to transverse beam phase space coupling

« Core emittance and phase space with charge cut

« Systematic error sources

» crossing of slits (how many and which)
* Weight of VPP beamlet from EMSY mask (very sensitive to pixel)
« Extrapolation of pixels in EMSY mask

Thank you
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VPP mask at EMSY formed by crossing 2 slits

VPP mask at EMSY formed by crossing 2 slits
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