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Shift planning for week 21 
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1 nC emittance 

• Finished 1 nC emittance BSA scan at 1.3 mm 

• Optimum BSA by different scaled emittance is different (1.4 mm and 1.2 mm) 

• Scaled1 =  unscaled*scalingFactor,  

• Scaled2 =  unscaled*scalingFactor2 

BSA scan, Flattop laser ~17ps, gun 60 MV/m, EMSY1  HIGH1.SCR4 

BSA Scaled1 Scaled2 ScalingFactor 

1.1 0.999 2.352 2.355 

1.2 0.860 0.985 1.146 

1.3 0.791 1.019 1.288 

1.4 0.727 1.127 1.550 

1.6 1.024 1.407 1.374 
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1 nC emittance 

• BSA 1.3mm, Flattop laser ~17ps, gun 60 MV/m, EMSY1  HIGH1.SCR4, X emittance comparison 

 

Emittance vs Camera gain 

Charge cut means the lost charge in the 

measured phase space compared to 

EMSY image. 

 

More detailed analysis will be discussed 

in the following PPS talk. 
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Difficulties  

• Difficulties 

• Water 

• RF5 water flow IL (To be checked during shutdown) 

• Laser 

• Laser failure from the night run (cooling water IL), temporarily fixed, to be worked on during shutdown 

• OSS is misaligned during water repair 
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Shift planning for weeks 24/25 

 

 

Photocathode flattop laser 

Startup 

Timing system / 

LLRF/laser 

Gun quads 
Fastscan methodology 

study  

TEM 

grid 

THz 

 

Booster transfer 

TEM 

grid 

Emission curve 



Discussion of a new scaled emittance 

& camera gain for FASTSCAN 

H. Qian & M. Krasilnikov 

Zeuthen, 6.06.2019 
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Outline  

• Motivation 

• Why scaled emittance for fastscan? 

• How to scale up the unscaled emittance 

• A simulation to compare two ways of emittance scaling 

• Experiment observations 

• 1 nC @60 MV/m: emittance vs camera gain (Flattop laser) 

• 0.25 nC @XFEL gradient: measured emittance vs simulations (Gaussian laser) 

• 0.1 nC @40 MV/m: Gaussian laser vs flattop laser (covered by MK in a different talk) 

• An analytical model for estimating the importance of noise floor in FASTSCAN 

• Possible ways to improve SNR for future PITZ emittance measurement 

• Discussions: how to proceed with fastscan now?  
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Motivation 

• 1 nC emittance results are quite different with different camera gains 

• Raffael ‘accidentally’ measured 1 nC emittance with low camera gain (4 dB) and showed much larger emittance values 

• Grygorii confirm the results with more statistics 

60 MV/m, 1 nC, BSA1.6 mm, ~16.5 ps flattop laser  

Gain 4 dB 

X 17 pulse 

Y 13 pulse 

Gun quads on  

Gain 22-23 dB  

X 2 pulse 

Y 2 pulse 

Gun quads on 

Gain 20-22 dB  

X 3 pulse 

Y 2 pulse 

Gun quads off 

More phase space is measured for low camera gain. 
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Why scaled emittance for fastscan? 

• Noise floor and image filter removes the low density phase space. 

~2 mm 

~1.1 mm ~1.9 mm 

Noise floor  

 

Reduced phase space  

 

Unscaled (reduced) emittance 

 

 

100% emittance 

(scaled emittance) 

Scaling factor 
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How to scale up the unscaled emittance 

• RMS emittance definition 

 

• Scaling factor 

 

Current scaling factor 

𝜀 =  𝑥2 𝑥′2 − 𝑥𝑥′ 2 = 𝑥2 𝑥′2 −
𝑥𝑥′ 2

𝑥2
= 𝝈𝒙𝝈𝒙′

𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅 

X 

X’ Measured phase 

space 

100%  

phase space 

𝜀100 = 𝝈𝒙
𝟏𝟎𝟎𝝈
𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝟏𝟎𝟎 ≈ 𝝈𝒙

𝑬𝑴𝑺𝒀𝝈
𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝟏𝟎𝟎

 

 

𝜀𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑 = 𝝈𝒙
𝒖𝒏𝒔𝒄𝒂𝒍𝒆𝒅𝝈

𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝒖𝒏𝒔𝒄𝒂𝒍𝒆𝒅 = 𝝈𝒙

𝒔𝒍𝒊𝒕𝝈
𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝒔𝒍𝒊𝒕

 

 

Scaling factor=
𝜀100%

𝜀𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑
≈
𝝈𝒙
𝑬𝑴𝑺𝒀

𝝈𝒙
𝒔𝒍𝒊𝒕 ∗
𝝈
𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝟏𝟎𝟎%

𝝈𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝒔𝒍𝒊𝒕  

Emcal scaling factor Neglected in Emcal 

X 

X’ 

Removing 

linear 

correlation 
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How to scale up the unscaled emittance 

• Another way to scale up the emittance 

 

 

 

 

 

 

• Two scaled emittance 

• Scaled1 =  unscaled*(
𝝈𝒙
𝑬𝑴𝑺𝒀

𝝈𝒙
𝒔𝒍𝒊𝒕 )  

• Scaled2 =  unscaled*(
𝝈𝒙
𝑬𝑴𝑺𝒀

𝝈𝒙
𝒔𝒍𝒊𝒕 )2 

 

 

Another way of scaling 

• Current emittance scaling in Emcal 

𝜎𝑥
2 100% ≈ 𝜎𝑥,𝐸𝑀𝑆𝑌

2 = 𝜀100%𝛽100% 

 

𝜎𝑥
2 𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑 ≈ 𝜎𝑥,𝑠𝑙𝑖𝑡

2 = 𝜀unscaled𝛽𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑 

 

Scaling factor =
𝜀100%

𝜀𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑
≈
𝝈𝒙,𝑬𝑴𝑺𝒀
𝟐

𝜎𝑥,𝑠𝑙𝑖𝑡
2

𝛽𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑

𝛽100%
 

(Emcal scaling factor)2 
~1? 

𝜀100 = 𝝈𝒙
𝟏𝟎𝟎𝝈
𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝟏𝟎𝟎 ≈ 𝝈𝒙

𝑬𝑴𝑺𝒀𝝈
𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝟏𝟎𝟎

 

 

𝜀𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑 = 𝝈𝒙
𝒖𝒏𝒔𝒄𝒂𝒍𝒆𝒅𝝈

𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝒖𝒏𝒔𝒄𝒂𝒍𝒆𝒅 = 𝝈𝒙

𝒔𝒍𝒊𝒕𝝈
𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝒔𝒍𝒊𝒕

 

 

Scaling factor=
𝜀100%

𝜀𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑
≈
𝝈𝒙
𝑬𝑴𝑺𝒀

𝝈𝒙
𝒔𝒍𝒊𝒕 ∗
𝝈
𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝟏𝟎𝟎%

𝝈𝒙′
𝒖𝒏𝒄𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒆𝒅,𝒔𝒍𝒊𝒕  

Emcal scaling factor Neglected in Emcal 

𝜎
𝑥′
𝑢𝑛𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑,100%

𝜎𝑥′
𝑢𝑛𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑,𝑠𝑙𝑖𝑡

=

𝜀100%
𝛽100%

𝜀𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑
𝛽𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑

=
𝜀100%
𝜀𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑

𝛽𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑
𝛽100%

 

Scaling factor =
𝜀100%

𝜀𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑
≈
𝝈𝒙,𝑬𝑴𝑺𝒀
𝟐

𝜎𝑥,𝑠𝑙𝑖𝑡
2

𝛽𝑢𝑛𝑠𝑐𝑎𝑙𝑒𝑑

𝛽100%
 Consistent! 
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A simulation to compare two ways of emittance scaling 

• Gaussian phase space 

• Twiss parameters 

Pure Gaussian phase space 

𝜌 𝑥, 𝑥′ =
Q

2𝜋𝜀
𝑒−
𝛾𝑥2+2𝛼𝑥𝑥′+𝛽𝑥′

2

𝜀  

Flattop laser 

40 MV/m 

100 pC 

scaled1 

scaled2 

Unscaled beta constant 

Scaling factor tells how much scaled1 

is underestimating 100% emittance 

and how much charge is lost. 

 

Scaling factor 1.5  34% cut 

Noise floor in phase space is 

linearly proportional to 

charge cut. 



Page 15 

A simulation to compare two ways of emittance scaling 

• Simulated phase space (200k macro particles) 

• 1nC, 60 MV/m, ~20 ps 

Simulated phase space from ASTRA 

scaled1 

Scaled2 

Still underestimates 

Unscaled beta  

not constant, larger 

Compared to pure Gaussian phase 

space, same scaling factor means 

more charge cut.  

 

Scaling factor 1.5  58% cut 

 

Noise floor in phase space is 

linearly proportional to 

charge cut before 40%. 
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Experiment observations 

• BSA 1.3mm, Flattop laser ~17ps, gun 60 MV/m, EMSY1  HIGH1.SCR4 (f160), X emittance comparison 

 

1 nC @60 MV/m: emittance vs camera gain (Flattop laser) 
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Experiment observations 

• BSA 1.3mm, Flattop laser ~17ps, gun 60 MV/m, EMSY1  HIGH1.SCR4 (f160), X emittance comparison 

 

1 nC @60 MV/m: emittance vs camera gain (Flattop laser) 
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Experiment observations 

• BSA 1.3mm, Flattop laser ~17ps, gun 60 MV/m, EMSY1  HIGH1.SCR4 (f160), X emittance comparison 

 

1 nC @60 MV/m: emittance vs camera gain (Flattop laser) 
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Experiment observations 

• Gaussian laser ~7ps, gun 6.3 MeV/c, EMSY1  HIGH1.SCR4 (f160) 

 

0.25 nC @XFEL gradient: measured emittance vs simulations (Gaussian laser) 

Scaled1 Scaled2 
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An analytical model for estimating the importance of noise 
floor in FASTSCAN 

• Simplification in the model 

• Pure Gaussian phase space 

• no coupling between x and y phase space 

• What’s different between noise floor in phase space and noise floor in FASTSCAN 

• One point in phase space is a projection of one column of pixels in beamlet 

• The noise floor in FASTSCAN should be defined in the beamlet image 
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An analytical model for estimating the importance of noise 
floor in FASTSCAN 

• The model 

 

 

𝜌 𝑥, 𝑥′ =
Q

2𝜋𝜀
𝑒−
𝛾𝑥2+2𝛼𝑥𝑥′+𝛽𝑥′

2

𝜀  

X 

X’ 

Removing 

linear 

correlation 

𝜌 𝑥, 𝑥′ =
Q

2𝜋𝜀
𝑒−
𝑥2/𝛽+𝛽𝑥′

2

𝜀  

Removing linear correlation will not change the 

emittance and beamlet distribution. 

𝜌 𝑥𝑠𝑙𝑖𝑡 , 𝑥
′ =
Q

2𝜋𝜀
𝑒−
𝑥𝑠𝑙𝑖𝑡
2 /𝛽+𝛽𝑥′

2

𝜀 =
Q

2𝜋𝜀
𝑒
−
𝑥𝑠𝑙𝑖𝑡
2

𝜎𝑥
2
𝑒
−

𝑥′
2

𝜎
𝑥′𝑢𝑛𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑
2

 

Q𝛿𝑥𝑠𝑙𝑖𝑡
2𝜋 1.5𝜎𝑥𝜎𝑥𝑠𝑐𝑟𝜎𝑦𝑠𝑐𝑟

𝑒
−
𝑥𝑠𝑙𝑖𝑡
2

𝜎𝑥
2
𝑒
−
𝑥2

𝜎𝑥𝑠𝑐𝑟
2
𝑒
−
𝑦2

𝜎𝑦𝑠𝑐𝑟
2

 

Phase space passing the slit 

beamlet distribution on screen 

𝜎𝑥, 𝜎𝑥𝑠𝑐𝑟 , 𝜎𝑦𝑠𝑐𝑟  𝑎𝑟𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠 

Q𝛿𝑥𝑠𝑙𝑖𝑡
2𝜋 1.5𝜎𝑥𝜎𝑥𝑠𝑐𝑟𝜎𝑦𝑠𝑐𝑟

 Peak intensity in all beamlets during the slit scan 
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An analytical model for estimating the importance of noise 
floor in FASTSCAN 

• The model (cont’d) 

 

 

X 

X’ 

Removing 

linear 

correlation 

Q𝛿𝑥𝑠𝑙𝑖𝑡
2𝜋 1.5𝜎𝑥𝜎𝑥𝑠𝑐𝑟𝜎𝑦𝑠𝑐𝑟

 Peak intensity in all beamlets during the slit scan 

Q𝛿𝑥𝑠𝑙𝑖𝑡
2𝜋 1.5𝜎𝑥𝜎𝑥𝑠𝑐𝑟𝜎𝑦𝑠𝑐𝑟

∆ 

Define a noise floor for the imaging system in slit scan 

Condition that charge will be counted in phase space 

Q𝛿𝑥𝑠𝑙𝑖𝑡
2𝜋 1.5𝜎𝑥𝜎𝑥𝑠𝑐𝑟𝜎𝑦𝑠𝑐𝑟

𝑒
−
𝑥𝑠𝑙𝑖𝑡
2

𝜎𝑥
2
𝑒
−
𝑥2

𝜎𝑥𝑠𝑐𝑟
2
𝑒
−
𝑦2

𝜎𝑦𝑠𝑐𝑟
2

 

𝑒
−
𝑥𝑠𝑙𝑖𝑡
2

𝜎𝑥
2
𝑒
−
𝑥2

𝜎𝑥𝑠𝑐𝑟
2
𝑒
−
𝑦2

𝜎𝑦𝑠𝑐𝑟
2

 > ∆ 

Total charge measured in phase space 

 
Q𝑑𝑥𝑠𝑙𝑖𝑡𝑑𝑥𝑠𝑐𝑟𝑑𝑦𝑠𝑐𝑟
2𝜋 1.5𝜎𝑥𝜎𝑥𝑠𝑐𝑟𝜎𝑦𝑠𝑐𝑟

𝑒
−
𝑥𝑠𝑙𝑖𝑡
2

𝜎𝑥
2
𝑒
−
𝑥2

𝜎𝑥𝑠𝑐𝑟
2
𝑒
−
𝑦2

𝜎𝑦𝑠𝑐𝑟
2

𝑒
−
𝑥𝑠𝑙𝑖𝑡
2

𝜎𝑥
2
𝑒
−
𝑥2

𝜎𝑥𝑠𝑐𝑟
2
𝑒
−
𝑦2

𝜎𝑦𝑠𝑐𝑟
2

 > ∆ 

= 𝑄
2𝜋 erf −𝐿𝑛∆ − 2∆ −2𝐿𝑛∆ 

2.506
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An analytical model for estimating the importance of noise 
floor in FASTSCAN 

Noise floor is critical: 

5% floor (~200)  11% cut 

10% floor (~400)  20% cut 

Phase space with more low density ‘wings’ 

(‘halos’) will be even worse than Gaussian 

phase space, e.g. temporal Gaussian laser 

(over focusing in tails), tails from beam 

asymmetry due to coupler and solenoid. 
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Possible ways to improve SNR for future PITZ emittance 
measurement 

• Use low camera gain (10-13 dB max?)  

• Use lyso screen or more efficient screen 

• Increase pulse number until max (<20 pulse?) 

• If pulse number too high, then improve light collection efficiency for optics, bigger lens, closer to vac window? 

• Improve image filter or data taking. 

• Current EMCAL image filter are cutting signals which can be distinguished by eye on video client 

• Probably due to strange noise pattern at high camera gain and single frame for signal. 
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Camera noise vs gain 
For a single pixel 



Page 27 

Possible ways to improve SNR for future PITZ emittance 
measurement 

• Another way to measure PITZ emittance 

• Insert a pepper pot mask at EMSY station (remove space charge effect) 

• Use quadrupole scan to measure both projected and slice emittance (improved SNR) 

• Compared to low charge beamlet during slit scan, the charge is much higher 

 

 

 

 

 

 

 

 

 Example from UCLA:  

• laser-drilled pepper pot  

• circular holes of 15 μm diameter  

• 85 μm spacing  

• ~3% transmission. 

Pros:  

1) both issues of space charge & SNR are improved. 

2) In principle only single to few pulses are needed with 

efficient imaging system (good for facilities without long 

pulse linac or high energy (>~50 MeV) linac). 

 

Cons: 

1) Needs good uniformity of holes 

2) Scattering signal may be focused again by quadrupoles 

• intensity of scattering signal 

• emittance of scattering (scattering angle) 

• beam aperture between mask and quadrupole 

3) Need good calibration of quadrupole model 
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Discussions: how to set up fastscan for the next run 

• Max camera gain? 

• YAG or LYSO?  

• a program is planned to compare both screens next week vs camera gain 

• Max pulse number? 

• Scaling factor? 

• Scaled1 or scaled2 

• Optimum BSA and solenoid current based on 

• scaled1 or scaled2? 

• … 


