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Secondary Electron Emission 1s the emission of electrons by the surface of a solid
object when it 1s bombarded by electrons. It was discovered in 1902 by the German
physicists L. Austin and H. Starke. The electrons bombarding the object are called
primary, and the emitted electrons are called secondary. Some of the primary electrons
are reflected without energy loss (elastically reflected primaries), and the remaining
electrons are reflected with a loss of energy; the energy is mainly consumed in exciting
the electrons of the solid object to higher energy levels. If the electrons’ energy and
momentum prove to be sufficiently great to surmount the potential barrier on the surface

of the object, they leave the surface (truly secondary).
Number of secondary electron vs Energy of primary electron
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4 Secondary Electron Yleld (SEY)
* N— S

I ) N,, [, — primary electrons (incident electrons)

] N,, I, — secondary electrons (leaving the surface)

Secondary electron yield as a
function of primary electron energy
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Electron cloud effects are expected to be enhanced and play a central role in
limiting the performance of the collider at the NICA complex. Electron cloud
phenomena in beam pipes are based on electron multiplication and can be
sufficiently suppressed if the Secondary Electron Yield (SEY) of the surface of the
beam pipes is lower than unity. The goal of this work is to find and study a thin film
coating with reliably low initial SEY, which does not require bake-out or
conditioning in situ with photons, is robust against air exposure and can easily be
applied in the beam pipes of accelerators.

Simulation of the electron cloud in a dipole
magnet with and without clearing electrodes

Electron cloud density depends on
effective secondary electron yield of material
of coating vacuum chamber. The formation
of electron clouds can be simulated by
specialized software (eg ECLOUD)

Without electrode With electrode

10/31/2005 damping ring L Wang 1
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Electron clouds accumulation

4

for NICA parameters (ions *’Au’")

N, . ~5-10°
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b 2 B — bunch velocity
N > ﬁ . b — radius of the vacuum chamber
bunch — 7 7 Z — 1on charge
7. space | r_—electron classic radius

1 —space between bunches in the
space

circulating ion beam
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Scheme of the expe.ri‘fn.e‘nt on SEY measurement
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Calculation of displacement of the secondary electron
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The displacement of the secondary electrons
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Scheme of the set up fdr SEY measurement
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Scheme of the set u(p fct))r SEY measurement
cont.
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Test Bench «Recuperator» =

HV power supply of TB
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SEY é; Experlment \descrl pt@ |

SEY from the surfaces of the samples was measured under the following
conditions:

1. O0pa31ibl «MOABEIIMBAINCHY MO/ OTpULIATEIbHBINA oTeHIuaI. [Ipu 3TOM
MOTEHIIMAJ KaToAa U 00pa3iia U3MEHSIIMCH TAK, YTO COXPaHsIacCh BEJIMYMHA SHEPTUU
3JICKTPOHOB, MAJAIOIIUX Ha IUIACTUHY-00pa3ell.

2. OuucTtKa MmIacTUH-00Pa310B MPOU3BOANIACH JIEKTPOHHBIM ITy4YKOM

a) Ha U3MEPSEMOM PHEPIrun

0) mo BceMy auana3ony sHepruu ot 50 sB 1o moreHimana karoga c¢ marom 503B

3. TOoK 3IEKTpOHHOTO MyyYKa:

a) ITocTOSsHHBIN — IPU OYKUCTKE IUIACTUH-00pa3oB u naMepennu KB23

0) UMIynbCHBIN — MPU U3MEPEHNUH TOKA BTOPUUYHBIX JIEKTPOHOB 0€3 OUMCTKHU

oOpasia. B 1aHHOM peXuMe TOK MEPBUYHBIX JICKTPOHOB HE U3MEPSIICS
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SEY | 44 Electron Stimulated Desorption (ESD):
| Es The Surface Cleaning
P =102 Torr G (q/S) with coating
1,9
1,8 &
1,7 14 —0— G(25UA) 1-0,8KV
S 1.5 N\ —o— G(100uA) 1-0,8kV
@ 1,4 —A— G(25UA) 2-1,8kV
1,3 - 7y —A— G(50uA) 2-1,8kV
1,2 —/— G(100uA) 2-1,8kV
1,1 =
1 . | .
0 500 1000 1500 2000
q/S, [uC/mm2]
g (NICA) —
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Cleaning the sample-was carried out only at the measurement energy
v > > N\_J ‘\- =% \Q.—})’ e
P =10 Torr G(Ee)
125 E , —_—
12 F— 7 ~— —8— 2kV_wo
’ E ‘ O ]
B PR \c\ \\ ~0—1,5kV_wo
% 1,1 ; / \ \\ ——1,5kV _with
8 105 S S p——— ~o—1kV_wo
1 l'v', \,_‘,, 4 —— 1kV_with
Y S~ |~ 0,5kV_wo
0,95 @ — :
’ ‘ —A— 0,5kV _with
0,9 T | T \\1
50 150 250 350
_ wo — sample without coating (control)
q/S ~ 10 mC/mm? Ee, [eV] with — sample with coating TiN

A.1O. Pynaxkos, McciemoBaHus BTOPUYHOM 3JIEKTPOHHOU YMUCCHUHU C IIOBEPXHOCTH BAKyyMHBIX Kamep 16/20



| SEY ﬁ ' Cleaning the sample was carried out with =
— » @ the measurement of energy spectrum A e
P =103 Torr G(Ee, Ucath)
1,1
—O— Gwo(-2kV)
1,05 —0— Gwith(-2kV)
—— Gwo(-1,5kV)
% 1 = —— Gwith(-1,5kV)
s —O— Gwo(-1kV)
—O— Gwith(-1kV)
0,95 —— Gwo(-0,5kV)
—o— Gwith(-0,5kV)
0,9 |
50 150 250 330 430 . .
5= 10mClmy 1o s
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Crenn «Pexyneparop» BBe€H B IKCILIyaTanuo B HavaJje 2011.
OTpaboraHa MeTOAUKA U3MEPEHUS TOKA BTOPUYHBIX JJICKTPOHOB

OcHoOBHbIe NapamMmeTpbl 30 cTeHAa «Pekynepartop».

OHepruga anekTpoHoB, kaB 0.5...20
TOK aneKkTpoHHOro ny4ka, A 0. 5%
MwuKkponepBeaHC SNEeKTPOHHON MYLLKW: 0.18
Katog 10 mm, Tok Hakana 3.8 A, mka/B(19)

[duameTp Katoaa 3f1IEKTPOHHOWN MYLUKN, MM 10 (3)
MakcmarnbHoe NpoaoribHOe MarHMTHoe nore, I'c 500
[nnHa BakyyMHON Kamepbl B NPOAOSBHOM 4
MarHMTHOM nosne, M

Bakyym B panoHe katoaa, Top 1078
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1. M3mepenunst KBO3 ¢ miiacTuH npu akTuBauv oOpa3iioB OMUYECKUM HArPEBOM.

N3menenne KBOD ot BpeMeHr HaX0X/I€HUS B BAKYyME MOCJIE aKTUBAIWH.
N3MepeHunst MpOBECTH IIPU TOCTUTHYTOM BaKyyMe:

[ (AWAE: | (MR

DKCTPAIoIMPOBaTh MOTy4YeHHbIE pe3ynbrarsl Ha BakyyM 10710 Top
2. Usmepenus npu Bakyyme 1071° Top n nydie ¢ ucnonbs3oBaHreM KPHOTEHHOTO HACOCA.
3. OTpaboTKa METOAUK OYUCTKH MOBEPXHOCTEU IIEKTPOHHBIM ITyYKOM.
4. Pabota ¢ nokpeitusamu apyroro coctasa: TiZrV, TiCN, TiZr

(corpymuuuectBo ¢ ['ockopnopanueit «IlopoiikoBas MeTaanyprus», I.MHUHCK)
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