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UV AND VUV DEGRADATION OF VERY HIGH REFLECTIVITY MIRRORS
FOR USE IN A STORAGE RING FREE ELECTRON LASER.
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LURE
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Abstract : T102/8102 multilayer dielectric mirrors centered around 630 mm
have shown reflectivity degradation from 99.99 Z down to 99.0 X

.

due to UV synchrotron radiation emitted by a beam of 240 MeV

electrons during a storage ring free electron laser experiment.
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Introduction :

The Orsay free electron laser (FEL) has a ctound trip gain on the
order of several 10~4 [1] due to the limited straight section length available
on the ACO storage ring and to the available electrnn density. The oscillation
experiment requires the use of extraordinarily low loss mirrors. Much experience
exists iq the fabricati{on and measurement of T102/3102 multilayer dielectric
mirrors, and the reflectivity which has been obtained at 630 am (R 99.99 2) is
sufficient for oscillation of the FEL. To insure ainimum cavity losses (high

cavity Q), the mirrors are placed, without windows, in the ultra-high vacuum

of the storage ring. Here they have to withstand the strong UV and VUV undulator
radiation [2) emitted—by a typical current of 100 mA of 150 MeV to 240 MeV
electrons.

The @ of the cavity was monitored uslng two techniques. Both of
them measure the cavity decay time of light either emitted from (nride the
cavity (undnlatbr radiation (1)) or from an external laser [3]. The last method
has a signal to noise ratio .5 2 and allows reflectivity measurement hefore

insertion {nto the vacuum and after extractlon at the end of the experiment.

Mirror degradation :

The mirror degradatinn data are summarized (n rhe following tahle :
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|  Mirror Batch Code
' )

1¢9.5 ev)

| |

| a8 n Y | s8¢ |

| | -—=| [-- |

|Loss/atrroe tn ate | 1.3107% | 4.5 1079 R 1o™¢ |

| | 6| a' |

|Loss/atrror after | 8.5 1079 9.9 107 15 107 |

IlO’lo Torr pump down l I ' ’ l

l . | | | I

lAveragc degradation | ‘ | ‘ '

|cate/mirroc/100 mA | [ 3.2 1079 o« 1074 20 1079

]glectron current/hour | | ' l |

1 | | | | |

lnlcctton enargy (MeV) ' I 238 ' 150 I 230 '

| | | | | |

|vndulator flux at | « | 6.810'% 3.1 10" 5.6 10"
&

|fundanent:1 (1.9 ev) | 5 I ' | I

I(photonolceclclzllA) | 3 ' | | . |
ot

l |3 | | I I

|Flux st 3nd harmonte | & | 3.2 10" 3.7 10"3 2.9 10"
O

l(s.7 ev) I = | | | |

l | | | I |

|Plux at Sth harmontc | | 1.7 10" s.0 10" 1.8 10'%]

| | | \ |

] |

Two different degradation mechanisms are identified. The first
occurs during the process of pumping down to 10710 Tore but before any

light exposure. This process {s not yet understood, but is too strong to

be explained by the bulk index contribution of water desorbed from the
coating layers. Without any synchrotron light exposure, the mirror reflec-
tivity vas stable vithin a precision of 10°3 during a 12 hour measure-

ment period and was unchanged after a 75 Roentgen exposure to X ray and
ganma radiation generated during the storage ring Lnjecéton. The second
degradation process occurs systematically during light exposure. Since
there is no shift in the transaission curve of the mirrors before aud after
exposure either in wavelength or in nngnttdde, ve conclude that the mirvor
degradation occurs In either the absochtion or the scattering channels. The
enission spectrum from an undulator has peaks at each harmonic of rhe
fundemental photon energy (1.9 eV in our case) [2]. The flux Ln each
harmonic depends on the energy (see the table). The Increase (n the B¢
degradation rate by a tactor of more than twenty €rom 150 MeV proves that

sost of the degradation comes [rom harsonics greater than the 1fd (photon

anavse Sfawh
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Discussion

Mirror degradation is a serfous problem for the ACO FEL because
of the low gain. Similar degradation has heen found for the Novosibirsk
FEL {4]). The new generatinn of storage rings optimized for synchroton
radiation (Aladdin, Bessy, Brookhaven, Super ACO) should give optical gains
on the order of several percent, but their UV fluxes will be significantly
higher than on ACO. The solution to the problem may lie {n the selection
of UV registant materfals for the mirrocrs, or in a shielding technique with
an intracavity Brewster plate or a vapor deposited UV absorber on the
airror surface. We plan to investigate some of these possibilities on the

ACO system, but the dimensfons of the problem would appear to necessltate a

systematic e€fort Lf it s to be resolved.
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