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Presentation Outline

* Wire scanner overview

* Emission processes

* Previousresults and analyses

* Recapture of low energy electron in presence of bias voltage
* Beam impact on the recapture

* Recapture of thermionic emission
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Transverse Beam profile PSI
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—— Horizontal wire
——— Vertical wire

Information for efficient
acceleration and particle delivery

o =
© o [N]
| |

Intensity (uA)

o
)
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Obtain transverse beam intensity
distribution

©
IS

0.2 4

0.0 A

Shape not always gaussian ——

s

Scintillator screen, wire scanner,

optical imaging system, Multi-Wire
Proportional Chamber, IPM, SEM :
grids,... .,

Wire scanner considered the most
precise device I N T T T T
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Wire scanner in brief

Transverse beam profile by moving a thin
wire through the beam and interact with
it

Electrons escape the wire resulting in
current

Moving support rotational or linear
Wire Thickness< 100 pm

Wire material: tungsten, carbon fiber,
Molybdenum..

4 Paul Scherrer Institute PSI

transmission rod
B

Broken Molybdenum wire with 25 pm of diameter

PSI
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HIPA’s main ring PSI

HIPA’s main ring properties:

Energy:72-590MeV

e Number of turns:186

e Beam Intensity: few pA-2.2mA

* Longitudinal size: 0=0.2ns/every 20 ns
(50MHz)
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Wire scanner in both planesin UCN y PSI

—— Horizontal wire
—— Vertical wire

Intensity (uA)
o o o B = =
» (o] [o+] o N £

o
N

o
o
1

-15 -10 =5 0 5 10 15 20 25

Position (mm)
Energy:590 MeV * Horizontal wire: Carbon nanotube wire
Beam intensity: 2mA for 8 seconds every 5 * Vertical wire: Molybdenum wire
minutes * Motor speed:60 mm/s

Flat beam

* Similar wire scanner in SINQ: 2 Molybdenum
wires
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Long Radial Probe(RRL)

RRL properties:

 Radial probeinthe mainring

* 3wires: 2 titled (£45°)/ 1 vertical
 Carbon fiber wires (diameter: 33 pm)

 Motorspeed:29.7 mm/s

o Q9 9 o 9
o o = el
(=} ® O N S

signal [uA]

o
o
Y

A

o
o
[N}

o
o
[}

A MK A

«  wire3
+ wire2
- wirel

AN

2900
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Long Radial Probe(RRL)

PSI

0.200 4
0.175 4
0.150 4
0.125

0.100

signal [uA]

0.075
0.050
0.025

0.000 -

< wire 3, dir. IN
wire 3, dir. OUT

T
2500

0.175

T T y
3500 4000 4500
wagon position [mm]

0.150 4

0.125

0.100

0.075 4

signal [uA]

0.050

0.025

0.000

! ! . « wire 2, dir. IN
! wire 2, dir. OUT

2500

3500 4000 4500
wagon position [mm]

0.14

Orbit every 2cm in avg

« wire 1, dir. IN
wire 1, dir. OUT

Orbitevery 1cm in avg
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3500 ~< o 4000 - 4500
e - -
wagon position [mm] -

Beam Energy 590 MeV
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Delta emission

y PSI

* Binaryinteraction: Electrons scattered by
proton/ion and escaping matter with low
interaction and scattering (Tertiary electron)

Tertiary electron

o

Proton/ion

A

* Describe as statistical process using Monte- 5
Carlo simulation(proportional to beam
intensity)

Geant4.11.2

» protons 590 MeV, 33 um carbon fibre

* High energy electrons: Avg energy of 92keV :
for RRL wire at 590MeV

1072 4

electron energy [MeV]

* Decrease the energy deposited on the wire: :
Bethe-Bloch modified 0 1

104 4

T T T T T T T T
0 25 50 75 100 125 150 175

* Impactinthe signalis normally negligeable o i)
. ourtesy of Mariusz Sapinski
for wire scanner
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Low energy secondary emission

e (Collective interaction

* 3 step process: ,
Diffusion, Emission on the barrier

m
w

 Secondary emission yeld (SEY) described on Emission
Sternglass Formula:

dE 1
SEYZO,O].LSa 1+ 5410_6E
e —

l 1+ Y
p

SEY values at 590 MeV: CF:1.14% Mo0:4.19%

* Low energy electrons: <100 eV, avg energy 4-
5eV
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Thermionic emission PSI

* electrons are emitted when their thermal energy 140
becomes sufficient to overcome the wire’s work
function ©

120 -

100 -

80 A

* Richardson-Dushman equation: E
= A T2 exp (=2 i
Jen = Ag.T .exp( kB'T) N
20 1
* Cooling process for high temperature
o
(IJ 56 ] lDIDD lSID{} 2 DID{} 2 SID{} SDIDD
aT 2]§BT JTh (T) Temperature [K]
(—) = S.(¢+ ) - TR
ot TC Qe P Cp ) -V
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Thermionic emission: Disturbance

5 4 — Signalwith thermionic emission

Real Beam profile

signal[uA]

T T T T T T T
2594 2596 2598 2600 2602 2604 2606
position on wagon[mm)]

12 Paul Scherrer Institute PSI

PSI

Energy distribution:

Energy distribution normalized

1.0

0.8

0.61

0.4%

0.2

0.0

1+ exp (—kB_T )

fth(E) = H(E - CD)

Secondary emission

Thermionic emission:1000K
Thermionic emission:1500K
Thermionic emission:2000K
Thermionic emission:2500K
Thermionic emission:3000K

A .

0 1 2 3 4 5 6 7
Energy in eV

Bias Voltage
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PSI

Emission processes in presence of biased wire

0 electron (>1 keV)

Signal = Nsec,escaped' Nsec,recaptured + Nth,escaped_ Nth,recaptured + Né‘,escaped
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Previous results from Manon Boucard*

Orbit energy: 105.6 MeV

—— 1496 A, 0 V bias
1505 pA, 30 V bias
—— 1498 pA, 60 V bias
—— 1504 pA, 90 V bias
~—— Sim SE, 0 V bias
—— Sim total current, 0 V bias

1.2

o
0

-\ 68 % 67 %

~~o
=3

Wire signal [uA]
o o
> o

o
[N]

-5 0 5 10 15 20 25 30
Wire position [mm]

0.0+

Remaining signal with increase of bias voltage

Hypothesis:
Effect of Beam electric field that trap electrons

Wire signal [A]

Orbit energy: 123 MeV

101 —— 1496 LA, 0V bias -== 90% Sim SE, 0V bias
1505 pA, 30 V bias  --- Estimated SE, 30 V bias
—— 1498 A, 60 V bias === Estimated SE, 60 V bias
—— 1504 yA, 90 V bias  —-- Estimated SE, 90 V bias
—— Sim SE, 0 V bias
10°4
107t

30

Wire position [mm]

Thermionic emission seems to be not suppressed

Secondary emission

Thermionic emission

PSI

*Dealing with thermionic emission in wire scanners based on secondary electron emission, DOI:10.18429/JACoW-IPAC2023-THPL150

14 Paul Scherrer Institute PSI
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Experimental techniques

* LoglV: * Keithley 2400 source-meter: * Libera4-channel current meter:
- 2kHz measurement - 10Hz measurement - TkHz measurement

- Apply battery as bias voltage - Voltage source and current meter - Apply variable bias using Keithley
-Logarithmic current amplifier - Programmable using Labview scripts

- Reading on Meson system

15 Paul Scherrer Institute PSI 20.12.2024



 PSI

Recapture of secondary electron with bias voltage

le—7 Voltage vs. Intensity (Combined Data)
1.5 mA beam Lo
I S B r—— S 100
oV, dir. IN k- et ORI RN e
30v, dir. IN s . ~e- 750
209 - 60V, dir IN |!, °\\ “u - 1000
90V, dir. IN .| ; 5l \.\\ . e
) iy 5 el
15 - #t ] il T i
T ! i i g | el Pty
= h il | B | eI
e 1 i H e e
% 1.0 ; l‘ ; 'l .i { = ‘\\‘. ,_‘-.\‘*... ﬁ
i iy 11 i TR e T
¥ A (A R bt - e e
! - ] . SR
f 1 PP shalahd il N
I! [ ' e o
{ [ ! ¢ e g — g _ a-m— W= ==-a-——8
4080 4090 4100 4110 4120 R e s S o oo el e emm e mohm e PO |
wagon position [mm] 07
tl) lE) 2b 35 45 5‘0 6‘0 7‘0
Voltage
Scanning positions with constant biased voltage in RRL Fixed Position with changing biased voltage in RRL

* Remaining signal proportional to the initial signal * Partial recapture appears for all beam intensities
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Recapture of secondary electron with bias voltage  PSI

Voltage vs. Intensity (Combined Data)

Intensity normalized

_-a Beam Intensity (uA)
o__ I~ -e- 10
TR 100
e o
o | Roseety —e- 250 Recapture of same ratio
1.0 S ERie g, e e e -e- 500
,"f .H"‘O; .':\ -.‘..\ "‘.,\ \n_. —-8- 750 around 600/0
o "'\ \“ \.‘ \_.‘ \.\ ‘«.\-. —-e- 1000 el
\ S AN N 1250  Possibilities:
\ VoOoNDoy N N, -e- 1500
\ \ A1 » Ay .,
0.9 1 A L] . . .
e VN L - Higher delta-emission?
\ \ ! \ \ A\
\ u A \ LY
1 \ \ H
\ S U i, - Electron trapping by the
\ E 5\ K \ .
\ \ /
\ A\ \ F \ ’)
0.8 7 \\_ 5 \"\ .‘\\ \\\ beam H
.\\ .\\ .\\ \\ \\
A hY A
AN \\ \\ . .\
.." \. LY LY LY
~. % ‘e ~ A\
.Q\ b\\ '\\. \.
0.7 e N N
oy e~ L .‘\..
\\.\ .‘_H""Cs:,“ ‘"\-,.__ “a. -
. X Y2 . --._‘_”-—,:‘— -,:L--
*"o.\ "--._.:;Qs o T RETERA,
+ 0k e TNel | T . S
T R SR T g 3T \
S . ._(_ o . ..” v -\.3_.,..._-_3_—:—_-:2 )
o=——0 e -
0.6 - = Ny
\‘:‘o--""'. ~. -7
~~__-_;‘.-—’\
i ]
T T T T T T T T
0 10 20 30 40 50 60 70
\bltage
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Phenomenon dependent on energy?

Measurement on wire 3 with 1.5 mA beam in RRL

1.2 47

. ' Ry 1

l

=]
H)
M :
m
-
2
No dependency on energy z
5}
T
E
ov, dir. IN
—0.2 - 30V, dir. IN
60V, dir. IN
—0.4 - a0V, dir. IN
2750 3000 3250 3500 3750 4000 4250

18 Paul Scherrer Institute PSI

wagon position [mm]

Beam Energy
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Phenomenon dependent on wire properties?

Intensity normalized

19

MHP 45/46
1.0 1 + Horizontal
Vertical
0.9 -
w
0.8 1
-
0.7 1
| *
0.6 &
k4
-
0.5 v .
- * £ s
- -
0.4 - *
T T T T
0 20 40 60
Voltage (V)

2 Molydbennum wires, 1.5 mA beam

Dependency on wire properties!

Paul Scherrer Institute PSI

Maximum Value of Intensity (normalized)

1.0+

0.9 +

0.8 1

0.7 1

0.6 1

0.5 1

0.4 +

y PSI

MBPT 1/2
0 o o 2;0
[ ]
L o
L
lID 3|0 4ID SID GID
Voltage

1 molybdenum wire/ 1 carbon nanotube wire,2mA beam
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Proportion of delta-emission higher than expected

20

current [uA]

—— simulated SEM current [uA]
PSI_RRL590MeV.txt

- simulated SEM+6 current [pA]

—— data
-== simulated temperature [K]
0.04 - | 1100
- 1090
0.03 - -
1080 &
N o
\\ ©
\\ 6
S - 1070 g
0.02 g o
~ - 1060 =
N 3
=<
- 1050 ©
0.01 4 =
- 1040
0.00 4 + 1030

position [mm]

Data from RRL (courtesy of M.Sapinski)

Paul Scherrer Institute PSI

PSI

e Simulation using Geant4 and
Sternglass formula:

- Low Secondary emission only
40% of signal

- Rest is delta-electron
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Contribution of secondary emission in sighal

' PSI

Secondary
Energy (MeV) emission Diameter (pm) Location Experimental Value(%)
contribution(%)
Carbon fiber 72 36% 33 RRL 35-40
Carbon fiber 590 37% 33 RRL 35-40
Carbon nanotube 590 ) 40 UCN 60-65
[ ]
[ ]
Molybdenum 590 59% 25 UCN 40-45
Molybdenum 590 59% 25 SINQ 55-60
21 Paul Scherrer Institute PSI
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Beam impact on recapture

Voltage vs. Intensity (Combined Data)

PSI

. Beam Intensity (uA)
. o—cdy —e- 10
i 8 100
.. ,: - <3 -e- 250
1.0 1 g =38 “eazele T¥s==—s —®- 500
s -u. y
s ROV N -e- 750
S . \.\ L -e- 1000
NN . 1250
Ny . —e- 1500
\ \ 3 5\ L]
Increase of the voltage 0.9 1 A S N 3
1 - Y \ ° \. Y \
required to recapture ¥ O AN \
= \ \
d l t E \\ \\ ‘\ Y \\ \
secondary etectrons £ \ AR \ .
[ = 1Y L]
1 1 > 0.8 \ 3 v \ ' \
with increase of Beam £ A Wow e | N\ h
L] p 1Y
. . Q h X S A \ ' k
intensity £ ' Beam Intensity 3
\\ ..‘h\ ‘e \\ \\ . \\
s, ‘.\\\.\ .'\ *. N,
b ~ Ly [
0.7 \..\ '“\a_“_*_.::‘~ g S~
- \'.\H::.-., “‘\._ .“\-“_
\\."" \"x“::':":o bl I $rrag, .
-.4..... . .:‘;s-—.-.____. "4-..‘- "'-..._."_,-‘ -‘\“*. -
. -8 l-.‘ ‘h-% P = ‘-—.,. (
T~ Szd-me s Y=li e
*~ R T oot
Se-——e_ e N gimmgm T
0.6 . ___'z_--..\
¢ ~'“‘o——--o..
S
e
T T T T T T T T
0 10 20 30 40 50 60 70
Voltage

Data from wire 1 on RRL with low thermionic emission around 4105mm (500 MeV)
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Beam impact on recapture

Fit of the previous curves with this
sigmoid function:

-1
(1_|_ ea(V—Vo))ﬂ

(V) =

+ 1

23 Paul Scherrer Institute PSI

Intensity (uA)

Voltage vs. Intensity (Combined Data)

PSI

1.0

0.9

0.8 1

0.7 1

0.6

L] L .
. .
H .
] e
S A — R T—
<" '3":'!\“-; = _
- ~e ~ " .\ - ST
\ oo \ ~ TR
A v ~ ~ N
. \ \ ™ L S
5\ \ . Y .
\ \ v

Beam Intensity(uA)
e 10
100
250
500
750
1000
1250
e 1500

0 10 20 30 40 50 60
\oltage

X: Voltage Required to Halve Final Intensity
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Beam impact on recapture

24

Linear tendency of the voltage
required

Wire intensity bit linear but at
random place

Paul Scherrer Institute PSI

Voltage required to recapture half of the

PSI

) L I
o Ln o
i i i

secondary electrons(V
on
i

20

15

—— Fit: V=0.01661 + 14.90

0

T T T T T T
200 400 600 800 1000 1200
Beam intensity (uA)

T
1400

Voltage Required to Halve Final Intensity for Varying Beam Intensities

compared to Wire Intensity at this voltage
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Beam impact on recapture

RRL onwire 3
1.2 47
* Increase of the voltage required 07 ' -
to recapture secondary ' o m |
: . r " | I s o
electrons - 3 - o | l\
I ' _
£
 Dependence of orbit spacing S
(and energy) for recapture Z
£
oV, dir. IN
—-0.2 - 30V, dir. IN
60V, dir. IN
—044 =+ 90V dirIN

I I I I I I I
2750 3000 3250 3500 3750 4000 4250
wagon position [mm]
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Beam electric field and potential

Electric Potential and Electric Field along x

204

18

o(x) [V]

16

14

1000

- 500

F—500

r—1000

T
—2.5 0.0 2.5 5.0 75
x [mm]

1.5 mA Beam alone at 590 MeV
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Ex [V/m]

O(x) [V]

PSI

Electric Potential and Electric Field along x

66.0 +

65.5

65.0 1

64.5 1

64.0 1

63.5

63.0

62.5

- 1000

r 500

F—500

T T T
-2.5 0.0 2.5 5.0 7.5 10.0

X [mm]

T T T
-10.0 -7.5 -5.0

1.5 mA Beam with two neighboring orbits spaced of 1cm on
both sides at 590 MeV

20.12.2024
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PSI

Simulation softwares

e (CST-Studio: *  Virtual-IPM*:

- Simulation of electromagnetic fields and particle tracking - Simulation of the electron/ion transport in lonization
Profile Monitors

- General tool for simulation
- Particle tracking only for electrons

- PIC Solver: Particle tracking for both protons and electrons
- No matter interaction

- Matter interaction
- Quick simulations

- Long simulations

*D. Vilsmeier. “Virtual-IPM Python Package Index .”, Available: https://pypi.org/project/virtual-ipm
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Electric field on wire (CST simulation)

High Electric field from the
wire

Small size of the wire so
high gradient

28 Paul Scherrer Institute PSI

Ex/ W/m

AT
| Wire reaction |
50000 {------------ S— SRS NU— — S— S SN N—
: : ‘ ' Beam
USSP S NS SRS S S S S S S W
10 8 6 4 2 0 2 4 6 8 10

X/ mm

Wire in carbon fiber without bias (15um radius / 1cm long)
1.5mm Gaussian shaped 590Mev beam at 1.5 mA
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Reaction of the wire: PSI

[llustration of the distortion of the bunch space potential by the probe wire.

“The larger bunch potential results in a locally repelling electric field for the emitted electrons”

R. Doelling*, about wire scanners in CSNS-linac **

* Effect of bunch potential and bias voltage on wire monitor signal ,id:HIPA-DIAGNO-DR84-071.00-22.02.2022
**J. L. Sun et al., Study with wire scanner and beam loss monitors at CSNS-linac, IPAC2019, https://accelconf.web.cern.ch/ipac2019/papers/wepgw053.pdf
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Electrostatic shielding

Beam impact does not directly
affect electrons

Beam impact alters the surface
charge distribution on the wire
to counterbalance beam
potential

Wire is thin (few pum) compared ® 52
to the beam (few mm) ,so a high Vo o702 1
. Y : *ee Py
gradient resulting in high electric Voo °,
: \ @
field -~
Resulting Electric field repels Beam potential without wire Beam potential with wire

electrons from the wire
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Simulations with Virtual-IPM

Settings:

- 1 neighboring orbit on both side spaced of 1 cm

- Beam at 590 MeV

- kinetic Energy of electrons: 5 eV (=avg energy of
secondary electrons)

- No time response

- Beam potential is entirely neutralized by the wire's
surface charge distribution

-end of simulation: 17.5ns after the middle of the
bunch(=time between bunch:20ns)

Observation of the impact of the beam
Good agreement with data

31 Paul Scherrer Institute PSI

Intensity normalized

P |} -@- 1500
Virtual-IPM simulation: 1500
11
1.0 4 e - ".'-- =
L §
Ma
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\I
0.9 1 g
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1
1
"
0.8 - %
%
!\
\I
- b
0.7 1\
-"'..._-
ha L ok ]
T T T T T T T T
0 10 20 30 40 50 60 70
Voltage
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Simulations with CST

1.0

L

0.8

0.6

0.4

Proportion of Particles (relative to initial)

0.2

0.0

0.0

2.5 5.0 1.5 10.0
Time (ns)

Ratio (Final / All)

Proportion of electrons escaping the wire for different initial kinetic energy

1.0 A

0.8 4

0.6 4

0.4

0.2 4

0.0 -

30V wire in carbon fiber (15um radius / 8cm long)

590Mev beam with 4 neighboring orbits (1cm)
Electron spectrum:2.5-7.5eV

32

Paul Scherrer Institute PSI

3 4 5 6 7
Initial Energy (eV)

PSI
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Simulations with CST:Particle Tracking of electrons

position monitor 1
Output

Sample

Time

Particles

Maximum (Sample)
Minimum (Sample)
Maximum (Global)
Minimum (Global)

33

Energy

1/195

0.500006 ns
127882

743032 eV
0.000100423 eV
7.72832 eV
3.80208e-06 eV

Without Beam

Paul Scherrer Institute PSI

100 pm

position monitor 1 A

Output Energy

Sample 1/195

Time 0.499999 ns

Particles 4841166

Maximum (Sample) 5.9e+08 eV
/"\ Minimum (Sample) 0.000405837 eV

> Maximum (Global) 5.9e+08 eV

4 =
! ;
§ 12

—
100 pm

Minimum (Global) 2.83661e-09 eV

With Beam
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Simulation issues

* High-speed of protons and low-speed electrons

* Uncertainty on wire properties

* Uncertainty on the spectrum of secondary emission

3.0

* Real geometry of the system (cavities/metal plate,...)

* Other sources as RF field and magnetic field |

1.5

1.0

Magnetic Field (T)

e Simulation time

0.5

0.0
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Thermionic emission

3.0 4

PSI

Voltage vs. Intensity (Combined Data)

Level of Thermionic emission
—e- Medium
low
—e- High

2.0 4

Intensity (A)

1.5+

1.0 4

............
R S = e et ]
0.5 A

0 10 20 30 40 50 60 70

Different levels of thermionic emission at a similar fixed position with
changing biased voltage in RRL for a 1.5 mA beam near 500 MeV

* < 10V/High decrease: Recapture of majority of thermionic emission

 10V-35V/Small decrease: Recapture of thermionic electrons emitted closerto the beam
 >30V: Recapture of secondary electrons
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Thermionic emission PSI

1.5 mA beam

0.30 . Level of Thermicnic emission
.| - Medium S
\ low 1.0 4 —— Secondary emission
\ - High Thermionic emission:1000K
A}
0.25 4 —— Thermionic emission:1500K
0.8 —— Thermionic emission:2000K
T —— Thermionic emission:2500K
020 4 = —— Thermionic emission:3000K
[1+]
. £
g 2 0.6
£ c
Z 015 2
c 5
g 1 .E
g | 5
g 1 o 0.4 41
w 1 -
0.10 4 “ -
' 2
\ g
L]
' Ll
0.2 4
0.05 1
L
}3'-..“ R - > \o..‘_e_“
- L TR, et T8,
0.00 | o ole e e ams 0.0 4
T T T T T T T T
6 lID 2‘0 Sb 4‘0 5‘0 6‘0 7‘0 0 1 2 3 . 4 5 6 7
Voltage Energy in eV

< 10V/High decrease: Recapture of majority of thermionic emission
10V-35V/Small decrease: Recapture of thermionic electrons emitted closerto the beam
>30V: Recapture of secondary electrons

Higher spread of the spectrum
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Thermionic electrons recaptured? PSI

le—11 Beam-Induced Electron Emission with Varying Bias Voltages
+ 0V bias (Data)
——- OV Fit: y=4.68e-15] *
3.5 4 5V bias (Data)
5V Fit: y=3.90e-15%| -
B 20V bias (Data)
——- 20V Fit: y=3.35e-15%
304 # 30V bias (Data)
d m B | === 30V Fit: y=3.25e-15%
seconaary eam v 60V bias (Data)
——- 60V Fit: y=2.90e-15%
Y251
=
£
o
@
5
+  1.5mA,0V
g 0.5mA,0V 6 2.0
5 + 15mAS5V =
;! + 0.5mASV =}
ﬁ +  1.5mA,60V é
4 * 0.6mA 60V Lh
44 ¥ o
i E 1.5 4
g; £ *
¥ —
3 i 2
= ¥ e
2 *
2 : H 1.0 -
2 i
Y et
2 e N A !
14 os{ L= mmEEE =__=_,’.::':T-F‘——'
- r -._--'_,."_-—"' —————
- _—— -
0l 7 L _—:_’_"_:__’-_-.-'f-'"'
2530 2540 2550 2560 2570 0.0 A L &
wagon position [mm]
T T T T T T T T
0 250 500 750 1000 1250 1500 1750

Beam Intensity in [HA]

Position 2535mm: 123MeV orbit
Thermionic emission seems to be totally recaptured
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Thermionic electrons recaptured?

38

signal [pA]

A « wire 2 0V
E wire 2 60V

A

f——

T T T T T T
4015 4020 4025 4030 4035 4040
waaon position Imml

Paul Scherrer Institute PSI

Total charge emitted of one orbit [C]

PSI

—Beam impact

le—11 Beam-Induced Electron Emission with Varying Bias Voltages
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Thermionic electrons totally recaptured?

Wire signal [uA]
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Results of Manon Boucard
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Material Properties

42

PSI

Density Strength Melting

Heat cap Z

[g/cm3] |GPa] temp K| [J/mol K]
CF 1.8 3.1 3915 8.5 6
Be 1.8 0.8 1560 16.4 4
Si1C 3.16 4.0 3100 1.1 12.6
Mo 10.3 2.1 2896 24.1 42
Ta 16.7 0.7 3290 25.6 73
W 19.3 3.4 3695 24.3 74
CNT 0.2 0.5 3915 7.2 6

Paul Scherrer Institute PSI
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Delta/Secondary contribution

Table 1: Maximum and average energy of delta electrons for Table 2: Secondary emission yield (SEY) assuming that the

33 um carbon fibre.

proton energy Tinax emm.prob £,

72 MeV 160 keV 7.34% 3keV
590 MeV 1.69MeV  1.93% 92 keV
3GeV 17 MeV 1.34% 150 keV
450 GeV 155 GeV 1.29% 297 keV

43 Paul Scherrer Institute PSI

protons cross two surfaces (go through the target)

proton energy Carbon Mo  Tungsten

72 MeV 4.06% 14.87% 21.69%

590 MeV 1.14%  4.19%  6.11%
3 GeV 0.93% 3.42%  4.99%

450 GeV 1.66% 6.06%  8.84%

20.12.2024



Possible impact of magnetic field
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Limits on bias voltage PSI
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Limits on bias voltage: Cross-talk PSI
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Limits on bias voltage PSI
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Thermionic Emission : CST simulation

y PSI

Proportion of Particles Over Time Weighted Ratio of Particles at Final Time to All Particles (by Energy)
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48 Paul Scherrer Institute PSI 20.12.2024




Position Z (m)

Simulations with CST

Particle Tracking of 5-eV electrons
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Perspectives on new method

e |dea:

Using the AC behavior of the signal to detect
only secondary emission
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Recap: Beam impact on electron recapture

Beam Electric ‘ Charge redistribution
Field on wire

!

Repulsion of - High Electric Field near
Electrons the wire
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