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Experimental layout

Transverse Emittance Measurement

Transport matrix

Quadrupole calibration

- mode: Pulsed

- bunch charge: 46, 66, 90 pC

- Energy = 15.885MeV

- Bunch length ~ 2 ps

Emittance results and Conclusions
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- change the quadrupole current

- photograph the images on screen

- integrate the distribution and calculate beam rms sizes

- fit beam rms sizes as quadrupole strength

Quad-scan method
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Thin-lens approximation

𝑀 =
1 𝑑
0 1

1 0
∓𝑘𝑙 1

𝜎11
𝑠 = 𝜎11

𝑞
𝑑2𝑙2 𝑘2 + 2𝑑𝑙𝜎11

𝑞
∓ 2𝑑2𝑙𝜎12

𝑞
𝑘 + 𝜎11

𝑞
+ 2𝑑𝜎12

𝑞
+ 𝑑2𝜎22

𝑞

𝑥𝑠
𝑥𝑠
′ =

𝑅11 𝑅12
𝑅21 𝑅22

𝑥0
𝑥0
′ 𝑅12 =

𝑑𝑥𝑠
𝑑𝑥0

′

unit: mm

Thermionic injector

SRFgun II

accelerator module 1

slit mask
YAG 

screen 

s
o

le
n

o
id

dump

energy 

measurement

MQ.01 MQ.02 MQ.03 YAG 

screen
Steerer

chicane

550 230 2120

dumpQ
u

a
d

. 
0

1

M
S

.0
8

Reference:

[1] Wiedemann, Helmut. Particle accelerator physics. Springer, 2015.

[2] Anderson, S. G., et al. Physical Review Special Topics-Accelerators and Beams 5.1 (2002): 014201.

[3] Lu, Pengnan. Optimization of an SRF Gun for high bunch charge applications at ELBE. Diss. Saechsische Landesbibliothek-Staats-und Universitaetsbibliothek Dresden, 2017.

[4] Vennekate, Hannes. "Emittance Compensation for SRF Photoinjectors." (2017).

Introduction

Two quadrupoles and one screen are used for beam transverse

emittance measurements at HZDR ELBE. The emittance

calculated with two different methods, one with thin-lens

approximation and the other one without this approximation.

The results are compared and analized. To analyze the

measurement error, quadrupole calibration is need. Two

aspects about quadrupole analysis are made. The first one is

thin-lens approximation error and the second one is

quadrupole’s converged or diverged ability in reality.

Steerer MQ.02 YAG ScreenMQ.03

290 230 2120

y = 0.0008x + 2.7398

R² = 1

y = 0.0012x + 2.6745

R² = 0.9501

2.3

2.35

2.4

2.45

2.5

2.55

2.6

2.65

2.7

2.75

-300 -250 -200 -150 -100 -50 0

R
1
2
 m

m
 /

 m
ra

d

current / mA

MQ.02 calibration

R12 in theory

R12 in experiments
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MQ.03 calibration

R12 in theory

R12 in experiments

Emittance / um Thin-lens approximation No thin-lens approximation Quad. calibration

MQ.02 MQ.03 MQ.02 MQ.03 MQ.02 MQ.03

46 pC 5.30 ± 0.94 10.81 ± 4.55 5.12 ± 0.92 10.39 ± 4.39 3.43 ± 0.62 6.59 ± 2.79

66 pC 4.99 ± 1.16 5.58 ± 2.04 4.81 ± 1.11 5.37 ± 1.97 3.22 ± 0.74 3.40 ± 1.25

90 pC 8.22 ± 1.67 8.18 ± 0.74 7.96 ± 1.61 7.89 ± 0.74 5.35 ± 1.08 5.01 ± 0.48

Conclusions:

In quadrupole scans, the traditional fitting way using thin lens approximation

to calculate beam emittance will introduce 3% to 5% error compared with

thick lens with the distance between quadrupole and screen is about 2 meters.

But before using thick lens matrix, one should make sure the beam’s status,

convergence or divergence, and select the right matrix. Sometimes it is not

obvious to distinguish between covergence and divergence by one screen

because of overfocus. A more important aspect is about quadrupole

calibration. In our measurements, the errors from quadrupole are really big. So

it is necessary to calibrate quadrupole before or after quadrupole scan.


