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Beam line layout

Transverse Emittance Measurement

Transport matrix

Quadrupole calibration

- mode: CW

- bunch charge: 60 pC

- Gun gradient = 7.142 MV / m 

- Cavity1 gradient = 8.023 MV / m 

- Cavity2 gradient = 4.522 MV / m 

- Energy = 16.116 MeV

- Bunch length ~ 2 ps

- Energy spread: 0.2%

- DC voltage: -5 kV            

Emittance results
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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
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Quad-scan method

Σ =
𝜎11 𝜎12
𝜎21 𝜎22

𝜎11 = 𝑥𝑖
2 = 𝜖𝛽, 𝜎22 = 𝑥′𝑖

2 = 𝜖𝛾, 

𝜎12 = 𝜎21 = 𝑥𝑖𝑥′𝑖 = −𝜖𝛼. 𝑥𝑖
2

𝜖 = det Σ = 𝜎11𝜎22 − 𝜎12
2

Σ𝑠 = 𝑀Σ𝑞𝑀𝑇

𝜖𝑛 = β𝛾𝜖

unit: mm

Converge

𝑀 =
1 𝑑
0 1

cos( 𝑘𝑙)
1

𝑘
sin( 𝑘𝑙)

− 𝑘sin( 𝑘𝑙) cos( 𝑘𝑙)

𝜎11
𝑠 = 𝜎11

𝑞
+ 𝑑2𝜎22

𝑞
+ 2𝑑𝜎12

𝑞
𝑐𝑜𝑠2 𝑘𝑙 +

−2𝑑𝜎11
𝑞
−2𝑑2𝜎12

𝑞

𝑙
𝑘𝑙 sin 𝑘𝑙 cos 𝑘𝑙 +

𝑑2𝜎11
𝑞

𝑙2
( 𝑘𝑙)2𝑠𝑖𝑛2 𝑘𝑙 +

𝑙2𝜎22
𝑞

( 𝑘𝑙)2
𝑠𝑖𝑛2 𝑘𝑙 + 2𝑑𝜎22

𝑞
+ 2𝜎12

𝑞
𝑙 ∙

1

𝑘𝑙
sin 𝑘𝑙 cos 𝑘𝑙 +

(−2𝑑𝜎12
𝑞
) 𝑠𝑖𝑛2 𝑘𝑙

Diverge

𝑀 =
1 𝑑
0 1

cos ℎ( 𝑘𝑙)
1

𝑘
sin ℎ( 𝑘𝑙)

𝑘sinh( 𝑘𝑙) cos ℎ( 𝑘𝑙)

𝜎11
𝑠 = 𝜎11

𝑞
+ 𝑑2𝜎22

𝑞
+ 2𝑑𝜎12

𝑞
𝑐𝑜𝑠ℎ2 𝑘𝑙 +

2𝑑𝜎11
𝑞
+2𝑑2𝜎12

𝑞

𝑙
𝑘𝑙 sin ℎ 𝑘𝑙 cosh 𝑘𝑙 +

𝑑2𝜎11
𝑞

𝑙2
( 𝑘𝑙)2𝑠𝑖𝑛ℎ2 𝑘𝑙 +

𝑙2𝜎22
𝑞

( 𝑘𝑙)2
𝑠𝑖𝑛ℎ2 𝑘𝑙 + 2𝑑𝜎22

𝑞
+ 2𝜎12

𝑞 𝑙

𝑘𝑙
sin ℎ 𝑘𝑙 cos ℎ 𝑘𝑙 +

2𝑑𝜎12
𝑞
𝑠𝑖𝑛ℎ2 𝑘𝑙

Thin-approximation
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In theory, thin-approximation 𝑅12 = 𝐿1 + 𝐿2 − 𝑘𝑙𝐿1𝐿2

𝑙0 =
𝑘𝑑𝑧
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𝛿𝑙 = 𝑙𝑒𝑓𝑓 − 𝑙0 𝛿𝑘 = 𝑘𝑒𝑓𝑓 − 𝑘0

𝜖𝑛(π.mm.mrad) thin-approximation 𝜖𝑛(π.mm.mrad)  without approximation

Quad.1 3.642±0.068 3.080±0.068

Quad.2 5.078±0.129 3.383±0.107

Quad.3 14.703±0.479 5.985±0.240
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