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Abstract the treatment, conditioning state, and history of the surface.

Detailed bench measurements obtained at CERN on cop-

| present my impressions on the talks presented at ﬂE)Eérsamples show that the true secondary component of the

ECLOUD 04_ Workshop. The listis is incomplete, and re'secondary electron emission yield conditions nicely with
flects my points of view.

electron bombardment, but not not so the reflected com-
ponent at low energy. These measurements are consistent
SUMMARY with operational experience at the PSR, which has a stain-

o less steel chamber. The electron-cloud effect, therefore, is
We had 59 attendees from many institutions around ﬂ?elf-conditioning and time-dependent.

world. Most attendees were also speakers, who gave excel-z; the SPS. a strong conditioning effect has been ob-

lent presentations on a broad spectrum of topics related &g that significantly reduces the electron cloud inten-
the electron-cloud effects. | regret the absence of 4 partlgity over a time scale of hours to days. The conditioning
ipants who did not attenq on account of problems with thg¢ ihe | HC vacuum chamber surface, however, will prob-
new entry requirements into the US. ably be more subtle than at the SPS. In the LHC there will
There has been great progress since the ECLOUD Qg sypstantial synchrotron radiation striking the surface at
workshop (CERN, April 2002). The “crash program” ini- o heam energy, but the surface will be cold. Generally
tiated at CERN some 6 years ago keeps yielding valuablgeaking, the conditioning effect proceeds faster for intense
new results, both experimental and simulated, particularlyeams of closely-spaced bunches. Such beam configura-
from the SPS when operated with LHC-style beams. Thigons will be impossible or impractical in the LHC, where
program will provide essential expertise for the commisyne must balance the conditioning requirements against the
sioning of the LHC visa-vis the electron-cloud effect. We need to avoid guenches and beam dumps. Therefore, it re-
have also seen the rise of new constituencies from intenggyins of paramount importance to specify an optimal con-

hadron storage rings. The electron-cloud phenomenon @tioning protocol for the LHC commissioning.
the PSR is now firmly established and well understood in_m spite of all the progress, something seems to be still

most aspects. Based on the PSR experience, the SNS{&qing, namely a practical synthesis of the electron-cloud
preparing for an electron cloud and taking steps to mitigaigect, Such a synthesis might take the form of a few rules
it by coating the vacuum chamber W'th TiN. The e_><|sten_c%f thumb that would give an approximate quantitative an-
of the electron cloud at RHIC is now firmly established inger ¢4 the intensity and other characteristics of the elec-
the room-temperature sections; it is inferred to exist in thg, joud for a given machine. Perhaps it is premature
cqld regions, although there _are n_o_d|rect observatm_ms_ {.B expect such a synthesis, although it seems important to
this case. The electron cloud is anticipated to play a signifchieve it to prove the practical value of our research by
cantrole in heavy-ion fusion drivers. As aresult, a progrargyqyiding quick and reliable guidance for the commission-
of simulations and bench measurements has been set upn@t of several new machines over the next 5 years or so
LBNL. Qur commu_n_ity is thu_s enriched by_the experi_enge(LHC’ SNS, JPARC, BEPCII and, possibly, the upgraded
brought in _by practitioners with Iong-_standlng experUse_nkEKB and PEP-II, etc.). For example, we might attempt
3D simulations of space-charge dominated beams and ioyjgentify the most relevant variables for each machine and
surface mteracthns. ) ] . S _concentrate our efforts on them, either as simulation inputs
A new generation of simulations is emerging, involvingthat should be reliably measured) or output (that should be
3D parallel PIC codes. These hold the promise of MOrgomputed).
detailed and precise calculations, although the predictive 5 qualitatively new approach to the electron-cloud

power of such tools is likely to remain limited by the uncery,;iqun was presented by U. Iriso. The approach is based
tainties in the input quantities required by the simulationg;, 5 simple nonlinear map that relates the average cloud
In particular, electronic surface properties are critical, a&ensity at time’ to its value at time — A, whereAt is

the average electron-cloud density depends sensitively }bically one bunch spacing. The simplest form of the map

them in most practical cases. Unfortunately, these proplia¢ yields good results is characterized by three coeffi-

ties are hard to measure in the regime of practical intereﬁemsﬂ1 as andaz, whose values were obtained by empir-

Furthermore, the secondary emission yield is sensitive i@y fits to more standard build-up simulation results carried
“Work supported by the US DOE under contract DE- aco3.0ut for RHIC. After a fev_v bunch passages, the_results fqr
76SF00098. the electron-cloud density from the map technique are in
t mafurman@Ibl.gov startling agreement with those from standard simulations,




and are obtained at a tiny fraction of the computational costorkshop would not have been possible. | am indebted
of the latter. This agreement seems to imply an underlye Tom Gallant and Kathleen Brower for their outstand-
ing simplicity of the electron-cloud dynamics which maying administrative and secretarial support during the work-
be one aspect of the hoped-for synthesis mentioned aboghop. Finally, | would like to express my gratitude to the
This conclusion would be considerably strengthened if theCFA Beam Dynamics Panel as well as LBNL, CERN and
above results prove to be valid in a wider context than th@RNL/SNS for sponsoring this workshop.
one in which they were obtained. Reaching an understand-
ing of such underlying simplicity merits high priority. A DISCLAIMER
first goal should be the computation of thags in terms of
physical (beam and chamber) parameters, even if approxi- | his document was prepared as an account of work spon-
mately. sored by the United States Government. While this docu-
For the reasons mentioned above, the more detailed aftgnt is believed to contain correct information, neither the
precise numerical simulations that are possible by the akhited States Government nor any agency thereof, nor The
vent of large, massively parallel computers, carry an inRegents of the University of California, nor any of their
trinsic risk: owing to the increase in the complexity of theemployees, makes any warranty, express or implied, or as-
physical model typically embodied by such simulation prosumes any legal responsibility for the accuracy, complete-
grams, parametric studies will take more and more humdlss. or usefulness of any information, apparatus, product,
time and effort, despite the increase in CPU power, which & Process disclosed, or represents that its use would not in-
expected to grow by two orders of magnitude over the neffinge privately owned rights. Reference herein to any spe-
5 years. Therefore, unless sensible judgment is used in thEiC commercial product, process, or service by its trade
choice of simulation cases, the increase in raw comput8ame, trademark, manufacturer, or otherwise, does not nec-
power may lead to an intractably large number of simula€ssarily constitute or imply its endorsement, recommenda-
tion results which might be impossible to distill into knowl-tion, or favoring by the United States Government or any
edge useful for the operation of real machines. Theoretigency thereof, or The Regents of the University of Cali-
cal understanding from analytic theory, and from simplifiedornia. The views and opinions of authors expressed herein
calculations such as those provided by the map techniqd@? not necessarily state or reflect those of the United States
ought to proceed in parallel with high-power simulations if30vernment or any agency thereof, or The Regents of the

order to develop a fruitful program of practical value. ~ University of California.
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| am grateful to the session chair-persons, secretaries,
panel members, and speakers for making this workshop so
productive and useful. | am particularly thankful to Bob
Macek and Frank Zimmermann for their work in the orga-
nization of the workshop—without their contributions, this



