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Working Model

Density estimation with a biased RFA, for a drift space as an example
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Att=t,

All electrons are at rest.
(Observationally low energy
electrons are dominant.)

Atr=t,

High energy electrons (E >
eV,) are produced around
the beam. (The shortness of
the bunch length is
essential.)
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During t, <t<t,

High energy electrons in
this part of enter the
biased RFA. (V, 1s set so
as to select sufficiently
fast electrons)
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What simulation tells

Drift space as an example

The initial position of high energy The initial position of the electrons

electrons at =, that enter the biased RFA.

transverse distribution of back-tracked electrons after 40 bunch pass

10

"back-ltrack" ui2 Ty

40

20

otk
i’
y (mm)

=

y (mm)
(=]

-20

4 ‘ bt +++ f or
V
p 2
40 + £ -
L

(P. Jain] S T e " [P Jain)

-60 -40 -20 0 20 40 60

High energy electrons are still confined The position of the observed electrons

around the beam. However the spatial spreads and overall shape is blurred
boundary is blurred due to the initial and deformed due to the initial velocity
velocity distribution. distribution.

How the number of the observed electrons is related to the density
around the beam when electrons have a velocity distribution?




Analysis of the measurement with a biased
RFA

Use the density in the phase space.
Only consider the motion in the transverse plane.

Q(vx,vy,vz,x, ¥, z,t)z 5(\/Z )p(vx,vy,x, y,t)

Only consider the region around the beam: S,.

S,: Circular region around the beam that contains 99% (for example) of high
energy (E > eV,) electrons in the duct dross section.

transverse distribution of back-tracked electrons after 40 bunch pass
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Some definitions

Average density around the beam (at ¢ = 1)

1
S,L

P = J.dvxdvy J p(vx,vy,x, vt )dedy
So

(Average) velocity distribution around the beam (at 7 = 1)

|
pavSOL

D(vx, v, ) = Jp(vx Vs Xs Vs b )dedy, jD(vx, v, )dvxdvy =1
So

Rewrite the phase space density

p(vx’vy7'x’ y7t0):IOavD(vx’vy)-I_A(vx’vy’x’ y)

The newly introduced function A(vx,vy,x,y) satisfies,

jdvxdvy jA(vx,vy , X, y)dxdy =0
So



¥ (mm)

Number of observed electrons

1 S To calculate the number of electrons observed with
‘ the biased RFA (N,), we think as follows:

The positions of electrons that have a velocity (v,
v,) at t = {, and are observed with a biased RFA, fill
a specified region S(v_, vy, t,) within S,.

The observed number of such electrons is given as:

dN,=dv.dv, J.p(vx,vy, X, V1, )dedy

S(vx Wyl

Therefore, the total number of electrons observed with the biased RFA is:

N (per bunch)= Idvxdvy Ip(vx, VX, Vst )dedy

S(vx Vyolo



Final expression

Relation between the number of observed electrons and the density around the
beam

Combining the expressions in previous slides, one obtain the relation between the
number of observed electrons and the density around the beam

N, = jpavD(vx,vy )dvxdvy ( _[chxdy+.[dvxdvy ( JA(vx,vy,x, y)dedy
S VysVyslo S VysVyslo
= ,Ot,WL_fS(vx,vy,t0 )D(vx,vy )dvxdvy +jdvxdvy jA(vx,vy,x, y)dedy
S(Vx’vy’IO)
b L (average observed area)+ (correction mainly due to the nonuniformity j
=P, \'% A%

of the spatial density




Working model and its evaluation

*Conditions used in the working model according to this formalism.

S = J.S(vx,vy,to )D(vx, v, )dvxdvy = S(0,0, f )ID(vx,vy )dvxdvy = S(0,0, to)

jdvxdvy jA(vx,vy, X, y)dedy > Do = N
S(ov, 10) S(0,0,1,)L
R= : <<1
paVSL

By the simulation on the evolution of electron cloud and the simulation to
calculate S(v,, v, £,), one can evaluate the accuracy of the above approximation.

S =~ 5(0,0,7,)x (1£0.05)

Drift Space [Puneet Jain, Thesis]
R =0.01

For a drift space our working model gives a good estimation of the
electron cloud density.

*Evaluations for a quadrupole field and a solenoid field are still remaining.



Examples of estimation

S(0, 0, t,) for various conditions

Drift space In a solenoid field In a quadrupole field
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For a solenoid field, the energy range
of observed electrons is determined by
the geometry of detection.



Estimation of the electron cloud density in a drift space

RFA for a drift space

Retarding field analyzer (RFA) type electron monitors
are set at pump ports of KEKB LER.

Shield Grid

Retarding Grid —____|

Conceptual | " -
drawing of » : L 8 g

the monitor. /LA & Elec{rof MOniigs> -
Ancde J_L (with‘ modilied flange)

Retarding
+100V 7] Bias

1-Pump Port

7%

—

o Y : Monitor with a micro channel
HAMAMATSU plate (MCP) for quick response
F4655-12 | | measurement

KLRecent design




Estimation of the electron cloud density in a drift space

Effect of coatings
a ~ 0, D8 straight
circular (r=47)
Cu Bunch pattern [1, 1389, 3.5]
1 ®= TiN coated Bias = - 1kV
310 (0.3-0.4 micron)
NEG coated
, o NEG coated
i tivated
— o (activated) Cu
£
1|5
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0.5 1
LER Bunch Current [mA]

1.5

Direct synchrotron
radiation 1s negligible
here (a ~ 0).
Multipacting process
1s dominant.

NEG coating (SAES
Getters)

TiN coating (R. J.
Todd and H. C.

/ Hseuh , BNL)

TiN reduces the
density to about one
thirds compared to
raw copper and 1s

more effective than
NEG.




Estimation of the electron cloud density in a drift space

Synchrotron radiation and electron cloud

The electron cloud density has a
correlation with the direct
intensity of synchrotron radiation.

¢ a=1.7, D6 arc antechamber 3 bucket space

(W =47 + 65, h = 14)
¢ a=0.079, D5 straight Cu duct

12
310 [] double ante chamber

C'E ¢ a=0.0056, D6 arc

= [ circular (r = 47)

> * e+ a=0.05 D6 arc, d= 005

7 I non-circular (r ~ 47)

(e

8 12 [

= 210" |- _

=} I .

5 :‘ a T 1.7

o _ ]

£ .\ \

8 12 B . gl \

= O™ 2= r / 0.00 The antechamber is effective to

3 ° . = . .

3 . °"---4 ’ S I reduce the contribution of

m Ve i

n o .0”"’. / g hotoelectrons to the electron cloud.

Z . R a=0.079

0 02 04 0.6 0.8 1 1.2 Antechamber reduces
LER Bunch Current [mA] the electron cloud
density drastically.

‘a’ represents the photon intensity of direct synchrotron radiation.
(Linear photon density per meter) = (a/360)*(Total photon number)



Estimation of the electron cloud density in a solenoid fielc

Detector chamber

Whole view

groove

e OffE o

-

Monitor used with
a solenoid field is

hidden The entrance of RFA

used without a
solenoid field




Electron cloud density in a solenoid field

Cloud density with and without a solenoid field
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100 Lo

Effect of a solenoid field (1May2009)

*The background
due to photo-
electrons from the

grid 1s subtracted.
w/
B=0G

Bucket Space = 6 ns ]

,7200,3 /

: : " ] *The near beam cloud
Photon Flux =3.9x10" " I[[A] photpns/m - L

- density 1s reduced by

four or five orders of

magnitude in a
solenoid field of 50 G.
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density is below 10°
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Electron cloud density in a quadrupole magnet

Detector chamber

Detector

QAIRP

Bore radius = 0.083 m

B’ =-3.32T/m

Effective length = 0.5844 m




Electron cloud density in a quadrupole magnet

Cloud density in QA1RP

Near Beam Electron Cloud Density [m'3]

410"

310"
210 |

110"

e Detector 1
= Detector 2

Electron Cloud Density in QA1RP (13Nov2008)

LER Bunch Current [mA]

" Bucket|Space = 6 ns o 4
| [4, 200 3]
[ |
i
|
I'4
¥ B'=-3.32 T/m _
Photon Flux = 3.17x10"°I[A] photon$/m
Detector Bias = -1|keV ]
0 0.2 0.4 0.6 0.8 1 1.2

Simulation by CLOUDLAND

Photon reflectivity: 0.3

Photo-electron yield: 0.1
Ovax = 1.2 at 250 eV

*Two RFA’s gave
different estimation.

*The behavior of the
density against the bunch
current is qualitatively
similar.

*The difference in two

detectors 1s sensitive to
COD.

The estimated density of the
order of 101 m-3 in QAIRP
is consistent with the
simulation.




Summary and Remark

* The estimation of the electron cloud density with a biased RFA
1s based on a simplified working model. The evaluation of the
accuracy of this estimation is possible by combining a
formalism using a phase space density and simulations. For a
drift space the estimation is shown to be a good approximation
by Puneet Jain.

* Though there 1s no such evaluations for a solenoid field and a
quadrupole field, the estimated electron cloud density with a
biased RFA looks reasonable compared with simulations.

 For the measurement with RFA, there are other 1ssues to be
considered such as an efficiency of RFA 1n a magnetic field,
photo-electron background from a grid etc.
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Observation with MCP

—Bias -2kV
KEKB LER (Energy>2keV)
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* High energy electrons show sharp peaks that coincide with the bunch pattern.



Example of S(v,, vy, ly)

i,=1.2mA

Understanding observed volume : a general case

v, =1.10" m/s
vy:[).mfs

y (m)

integrated area

0.006F

0.005¢

0.004F

0.003F 5

000247

X (m)

0.006 -0.004 —-0.002 4

0.002 0004 l].(}(}ﬁ\
0000k

47 mm

(Xms Yirw)

+ 2mm aperture

* Green curves show the distribution of
kicked electrons entering into a
hypothetical RFA one-hole opening.

* Region shown by red lines represents an
area corresponding to an observed volume
of the detected electrons.

*If v, < 0, a mirror symmetrical curve
about y-axis is obtained.

» Effect of vy is less on the deformation of
the observed volume compared to v,.

(X2+y2) [(Y'Ym)vx'(x'xm

)Vy] + 2crer(Xym'me)=O

[Puneet Jain]




Calculation of $(0, 0, 7)) by simulation

*Put electrons at rest on the grid of 0.1 mm by 0.1 mm in the x-y plane that
stands right in front of the detector.

Neglecting the initial energy of electrons is an approximation.

e Count the number of electrons that enter the detector within 6 ns (3 bucket
space) after the interaction with a three dimensional bunch.

The time limit of 6 ns is for the present operational pattern of KEKB
LER. For other bunch patterns, this is an approximation.

The bunch is longitudinally sliced into 100 pieces.
Each slice kicks electrons according to the Bassetti-Erskine formula.

*Volume = No. of electrons X 103 m? X detector length.



Electron cloud density in a solenoid field

Detector design RFA type
monitor used

/ without
 Given a solenoid field, only solenoid field
high energy electrons
produced near the bunch can
enter the groove and reach
the detector behind it.
(Energy range 1s determined
geometrically.)

Detector 1

e With the help of simulation,
the detector current is

converted into the density “
near the beam. (S3) ,

Monitor used with
solenoid field



Electron cloud density in a solenoid field

S(0, 0, £,) for different Ny
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Collector Current [A]

Electron cloud density in a solenoid field

Discussion on the measured current

210”
3107
4107
5107 |

6107 L

Collector current for different bunch patterns

. T
[A]=-5.13x10" I[mA]
_ -12 ]

[, [A]=-5/88x10"1]

Soleno
Grid: -

1id: 50 G
00V

Collector: 0 V

mA]

200

400

600

LER Beam Current [mA]

Old Detector
810°®

Detector 2

610°

Collector
+100V

410°%

Detector 1
210°% -

Collector Current (Absolute) [A]

/
400 600
LER Beam Current [mA]

mpe———

0

0 200 800 1000

*Measured current with the old
detector (above) always show a
large difference between the
detectors.

*To reject the effect of possible low
energy electrons, a new detector
with a grid 1s provided.

*The new detector shows the same
tendency as the old detector (left).
*Both detector seem to have a
background which is proportional
to the total current.




Electron cloud density in a solenoid field

Photon background

Detector 1

A plausible source of the background is a
photo-electron current from the grid.

e[t is proportional to the total beam
current and independent of bunch pattern.

o[t is larger in the detector 2 whose
opening faces the surface directly
illuminated by synchrotron radiation.

$3 Detector 2

If the grid is positively biased, photons
on a collector will be measured as a Collector Current with positive grid bias (+100V)
positive current. This is actually so, 2100 EEDEZE -}4
though the ratio of the current is Detector2 4
different from the negatively biased case\ gl's v ‘;‘J

% 110" F
The effect of photon is also seen in the : f;ﬁ Dehector 1
density estimation without a solenoid RN @ﬁ‘...-ﬂ""
field at a low bunch current where S1 ﬂ:wﬂﬁ“" B
always shows higher value. T

LER Current [mA]



Near Beam Electron Cloud Density m7]

Near Beam Electron Cloud Density m~]

Electron cloud density in a solenoid field

Cloud density with a solenoid field for different

bunch patterns
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Electron cloud density in a quadrupole magnet

Detector design

Detector

/ X-axis
S
Pole
Detector 2
. —
| \__l s |
Detector 1 Pole

In a quadruple magnetic
field, electrons
accelerated by a bunch
along X-axis reach the
detector.

Electrons accelerated
with small angle to X-
axis moves spirally
around X-axis losing
their energy along X-
axis to the spiral motion.

Electrons with sufficient
energy and direction
close to X-axis reach the
detector.

With the help of
simulation detector
current is converted 1nto
the density near beam.



Electron cloud density in a quadrupole magnet

S(0, 0, 1,) for different Ny
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Near Beam Electron Cloud Density [rri3]

Electron cloud density in a quadrupole magnet

Cloud density in QA 1RP with different bunch
patterns
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