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Outline
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 Gas-jet project update

 Motivation

 Diagnostic development in CI

 Supersonic gas jet curtain

 Beam induced fluorescent monitoring

 Improve integration time and resolution

 Jet density measurement

 Design of the second test monitor
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Motivation

3

 Serve as beam profile monitor for electron lens 

project



HL-LHC-UK Plenary at University of Huddersfield 03/07/2017

hao.zhang@cockcroft.ac.uk

BIF monitor based on supersonic gas jet

First &Second 

skimmers

180 mm & 400 mm

Off centred 

nozzle hole

Nozzle

30 mm 7.2 mm *1.8 mm 4.0 mm * 0.4 mm 

Third skimmers
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Generation of supersonic gas jet
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Beam induced fluorescence mode

Schematic drawing of the BIF-monitor as 

installed at GSI UNILAC. *

BIF detection principle - How the 

beam induced fluorescence light is 

imaged, intensified and detected.*

Advantage of using gas jet: No need to use leaking valve to 

increase the chamber pressure.

*Credit: GSI, http://www-bd.gsi.de/dokuwiki/doku.php
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N2 as working gas: excitation and emission

Credit: Serban Udrea, GSI



HL-LHC-UK Plenary at University of Huddersfield 03/07/2017

hao.zhang@cockcroft.ac.uk

N2 as working gas: cross sections

Credit: Serban Udrea, GSI
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Details on the interaction chamber

s (cross section) 9.2*10-19 cm2

I (electron current) ~10 uA

n (gas jet density) 2.5*1010 cm-3

d (jet thickness) 2.8 mm

Ω(acceptance solid angle) 4π·10-5 sr

hpc(MCP photocathode 

efficiency)

0.2

hMCP(MCP detection

efficiency)

0.5

T(Transmittance of optics) 0.65

Tf(Transmittance of band 

pass filter)

0.3Blackened firstly by a Germany 

Company and then applied 

another layer of Graphite

Ng = 0.08*Dt
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Gas jet image from fluorescent
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Intensity vs. x

8000s integration
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Intensity vs. y

untitled fit 1

Axis BIF IPM

Xrms 1.96 mm 1.2 ± 0.2 mm

Yrms 1.33 mm 0.4 ± 0.2 mm

Shutter time: 8000s, MCP 1.0 V

E-gun: 2.6A filament current

3.5keV energy

X: 6.70, Y: 6.40, Focus: 5.55

1pixel = 0.215 mm

x
y

Compared to the Ionization mode

Reflection of 

the hot cathode 

or E-beam on 

the tube joint

ROI

Residual gas image

141 mm
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Future improvement

 Recover from Lab move

 New E-gun parameter

 I = 100 mA currently

 Upgradable to 300 mA

 New optical system

 Increase total transmittance 
and accepted angle by 5 times

 Integration time can be 
reduced ~50 times 

 Using smaller size 3rd skimmer

 Smaller jet width, better 
resolution

 But increased integration time 
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Gas density measurement
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Slit
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Gauge Module

Gas jet curtain
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Current reading Iion from ion 

gauge

By 41*26 pixel (pixel size is 0.5 

mm)

Iion(X,Y) 𝝆 𝑿, 𝒀

Jet size in interaction point is estimated as : 4.66 mm *0.92 mm 

Differentiate the data in horizontal axis

0

1.8e16

3.6e16

5.4e16

7.2e16

9.0e16

/m3

46*25 

edge pixel 

(pixel size 

is 0.125 

mm)

1.55 mm

5.44 mm

10mm*0.5 mm

4.0 mm * 0.4 mm 
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Edge scan (large skimmer)
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Iion(X,Y)

Differentiate the data in horizontal axis

Jet size in interaction point is estimated as : 10.03 mm * 2.81 mm 

1
5

.2
 m

m

19.2 mm
1

5
.2

 m
m

19.2 mm

sjet = 0.99 mm

Skimmer size 7.2×1.8 mm2

Oriental angle 45˚

Resolution: 1pixel = 0.2mm

7.2 mm *1.8 mm 
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Design of the new gas jet monitor
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 Optical system is ready.

 Vacuum chambers are under manufacturing.

 Drawing for gas expansion system

is about to sign off.

 Pumps and sensors

 Rack and rail
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Expansion section

Elements of the BGC system

Credit: Elena Barrios Diaz, CERN
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Expansion section

Front view Back view

Ø = 30 μm

Nozzle

Nozzle holder

Nozzle tube

Ø = 180 μm

1st skimmer

Ø = 400 μm

2nd skimmer

□ = 4 x 0.4 mm

3rd skimmer

Elements of the BGC system

Credit: Elena Barrios Diaz, CERN
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Interaction section

Calibration LEDs

Electron 
collector

Turbopump

Optical system

Pressure sensor

Electron gun

Elements of the BGC system
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Credit: Elena Barrios Diaz, CERN
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Dumping section

Front view Back view

3D movable 
gauge

Pressure sensor

Alignment table

Turbopumps

Retractable 
mirror

Elements of the BGC system
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Credit: Elena Barrios Diaz, CERN
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Conclusion
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 Summary

 We successfully use the supersonic gas jet to monitor 

beam profile in fluorescent mode.

 The design of a second monitor is finished and sent out 

for manufacture.

 Future study for improve the integration time and 

resolution is still undergoing.

 Simulation about the gas dynamic is still needed to aim 

for beam requirement of the electron lens project. 
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Thank you!


