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Field Emission Study on CW Superconducting Cavity
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Introduction

Many new projects dealing with new light sources are dedicated to Energy
Recovery Linac (ERL) scheme. Research teams dealing with this technology are based
in United States at Cornell University, Jefferson Laboratory and Brookhaven
Laboratory, in Europe at Helmholtz Center in Berlin (BERLinPro) and in Japan at
KEK.

At KEK, the project is divided in two phases:

- the first phase is the development of a prototype type device, relatively small
(around 300 m circumference) and being a compact version of the ERL (c-ERL) to
prove, develop and test the technology required for this kind of particle accelerator,

- the second phase is the building of the actual device that will be larger (around 3 km
circumference) and will allow many user front ends in order to exploit the unique
properties of the light produced by the this machine.

In order to prove, understand and develop the technology needed for such particle
accelerators, a compact model (c-ERL) was designed. The c-ERL is composed of
different parts and thus, all the particle accelerator components can be tested and
improved. In the c-ERL, the main linac is equipped with two L-band superconducting
cavities. The design of the cavities took into account all the ERL machine
requirements. Thus, during the optimization of an L-band cavity, the shape was
modified to allow a CW operation with 100mA current and strong higher order modes
(HOMs) damping avoiding beam break-up (BBU).

Motivation

Due to the cavity design requirements and CW operation field emission can be a
severe limiting factor for ERL cavity performance.
In order to address this problem a research program is ongoing, it can be divided in
three broad areas:
1. Detection: in order to measure the field emission effects during cavity
operation (x-ray production, Q-E curve slope, quenches and bursts)
2. Simulation and calculation: Is carried out by means of simulation codes and
algorithm to achieve a deeper understanding of the phenomena related to field
emission process, in order to explain the experimental results
3. Possible solutions: once the experimental and analytical tools have proved
their reliability they can be used to investigate different cavity shapes in order to find
the optimum solution with respect to field emission phenomena
One of the main concerns while designing the cavity was the ratio between the
Electric Field on the surface and the Accelerating Field. Indeed, while in the original
TESLA-type cavity the maximum of this ratio (Epeak/Eacc) reaches 1.98, in the ERL



(GekR= 2)
(Separate Form 2)

type the Epeak/Eacc reaches 3.0.
In a broader frame field emission can be a limiting factor not only for CW operating
machine, but also for high gradient ones operating in pulsed mode, like the
International Linear Collider (ILC). Due to the wide spreading of this issue there is
strong motivation to achieve a better knowledge about field emission effect inside
superconductive cavities, in order to understand the complex relation between cavity
geometry, operating conditions and field emission effect.
Field emission can be one of the major limiting factor in the cavity performance. In
fact, the emitted electrons can increase the cavity loss and cryogenic load and also
generate dark current, increasing the radiation dose suffered by components
up-stream and down-stream with respect to the cavity.
Trying to summarize in one list the issues connected to field emission they can be:

= Quenches

= Qdrop

» Cryogenic losses increase

= Dark current

= Radiation dose increase

Since the development of first single cell cavity, a large effort has been put to detect

field emitted electrons moving inside the cavity. Thus, a special system was designed
in order to detect x-ray produced by electrons impacting on the cavity surface. This
system consists of a set of PIN diodes that are placed around the cavity surface and
that can turn around it. This setup gives a detailed image (0.5° resolution) of the x-ray
profile.
The same principle was used to design a detection system for the 9-cell structures,
capable to detect x-ray during vertical tests operation (rotating mapping system). The
images obtained from the sensors are like a map showing x-ray “hot spot”, allowing
online and offline data analysis in order to provide valuable information on field

emission events.

State of the art

Field emission effect is well known since the beginning of the last century and it

was well explained by quantum mechanics theory in 1928 by Fowler and Nordheim.
Field emission was recognized as one of the limiting factor along with multipacting
and quenches in the path towards high gradient in RF cavities.

Mainly all the studies performed about field emission in RF cavities dealt with the
heat effect produced by the emitter because a typical vertical test set up was equipped
with temperature sensor in order to spot quenches location. With recent improvement
in cavity preparation surface defects that generate quenches will become less and less
common, field emission effect could be the next challenge to overcome.

Among these studies few analyze field emission in multi-cell RF cavities and none of
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them investigate the x-ray produced by emitted electrons incident to the cavity
surface, neither gives a systematic approach to understand the complex relation

between field emission, cavity geometry and operating condition.

Findings and Conclusions

Through the combination of a rotating mapping system and x-ray detector it is
possible to collect precious information about field emitted electrons, and such
detailed x-ray data are the valuable tool for understanding the field emission behavior
in superconducting cavities.

Aside the greater resolution and sensitivity of x-ray detection, in comparison to a
conventional temperature mapping, x-ray detection is able to gather information from
cavity region usually not accessible for temperature sensors like cavity iris. The iris,
as is shown in the dissertation, have a pivotal role for field emission in RF cavities,
their geometry and local surface electric field can strongly influence the cavity
performance with respect to field emission phenomena.

Data analysis coming from vertical tests and high power test allow to shed light on
the complex relation between cavity geometry, their operating condition and field
emission effect. Through a comparison between experimental data and simulation it
was possible to determine a possible emitter location for each test. The x-ray detection
system installed on the c-ERL main linac cryomodule will allow to observe
continuously the radiation pattern produced by field emitted electrons and detect
changes in the emitter location.

Through a systematic study it was possible to derive some general aspect about field
emission with respect to different cavity geometry in order to achieve a deeper
understanding and possibly do some step towards its reduction or elimination. In
particular it was developed a method to analyze different cavity geometry with respect
to field emission process, this method can be used to evaluate new geometry

performance and their behaviour under field emitted electrons loading.



(Separate Form 3)

R L OFAR RO F
Summary of the results of the doctoral thesis screening

Enrico CENNI FRODFmSCITIE, EREZERN O ERE T OIR 2 T MOV T, 22N
%%ﬁﬁ@Vi;V~Va/ﬂ%%ﬁﬁﬁﬁbﬂ\IMMﬂET@Pm54ﬁHF%%M
XM~y B TIEEEN OB LN ERER LRSI ED 2 LI - T, ERKLE
wm%@%ﬁ%%ﬁf%é:&ﬁ%énfwéoé%m\%yz~waﬁﬁkint =1
DREBEDHBRICEB N T, PIN ZA A — FE IO X SRt g 2 B U 7= e ik 5 & o
Vialb—varynbBEBRMHEFOWMELZ T T 52 LICk o T, ZEAtERED S E T
S LEERMMEEFOMBIEOGHZHET LI ENARTH DL Z LRI T
%o Lo T, KR, X BEHIOFERERE VI 2 b—3 3 VO b 2N O
BRI E T OEIR 2 T 52 FIEOMN. & LT, BRI,

TR F—EIR Y =7 > 7 (ERL) 72 & O @& BN 1T E B AR O (W) EHE)S &4
EThHY, ZODITBEEERBHAVOND, —F, BIEEZE O & GER Tl ZEH
R OB BT DERMANOBETIC L0 INE S NEEICEZET 5 Z L1 iof RIS
7R FE TR ISR SRR DR | BEFE L /e & DHRMFAE L, R O Eix CIIMEREZ L
<HIET 2 Z ENHBILTWD, Kin _kwfmmuwmm&i\mxw%—mﬁﬁﬂ
ZEREHE TR HESD H ATV D ERL D FEGEES (22232 |k ERL) ICRRE S 415 9 384 1. 3GHz
DRBARE E JF IR ZE IOV C, E PRI IV CLEstE TRt SN D X BEE
P L7, WNT, BRRHEFOZANOER 2 35MICE R L, SR REEbES
ZEIZk o T, BFOBEIEZT T < ZOBIMIROALE SR N 2 RE O & JERAE & N
W E NI E A OB %%@%@m*»%—&f’ﬁ%ﬁ%é*k%%%kwk@é%’
BB 28 A LT, 24MEEE k%<wﬁﬁéﬁﬁﬁmmﬁﬁﬁh74)x%
FETHZEER LT, 7744 RSy NAEEEBROREIHERRBRIC VT, I{IEJ Z
PIN ¥ A A — RETUHIT, FET D XBomEaslili L, 2 M%%T@ﬁ%ﬁ%kmﬁﬁéx
BROIATC M IR DAL 2 R JIERE R Ko T B IR O R SN TREICE I35
ZEERE L, Eo, AR Nal (TS EZ HWT Y T4 &2 % » MR B IdE 5
NG A= — L LB E O 3V F —340 2 500 L, BGS5 & W72 s <
;V~V5/kﬁméﬁf B HIRONEEZHEE TE 5 2R LIz, KL TREn

WO LMENT FIEIT, B8 2 O MR Bl m T 7= BRSO E IR 2 E# T

%éMMEﬁkLT\4%%@_%w6n5_&ﬁkm_%%énéo

DEDZ itk KEEZBERITEE T, Enrico CENWI KOF LI L5 CE LT
TN ETHY . G &l 5,



