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BESSY VSR - Short X-ray pulse production

BESSY VSR: A Variable Pulse Length Storage Ring
4 >
2
L - Ry F
< v SUPERCONDUCTING
2o . \)r ’ CAVITIES
Y \*- 83l
Time / ns
BESSY VSR cavity setup:
g e i sage st oy
£ user optics - ra: . z a
g or e;é‘— :éeé o~ o/ g 3.5th: 1.75 GHz at 17 MV
'§ C Q‘ Q(Q Realized by four SC 5-cell cavitites:
2 [THzoptics ‘)Q « - mom. compaction 2x 1.5 GHz and 2x 1.75 GHz
g |useroptics / U’ =dU/dt Uy = 80 - UY,
1
F 80 x mor E1° Eigh current Tigh current Sieing bunches
o aurent S T
Sont i
g || patte| ‘
W;o"' 1||)“’ 10? 10" 1‘ 110 ol | || ‘ |
bunch current/ mA chopper gap mcmwerp:sn ‘bucket number

P. Goslawski et al., BESSY VSR - Upgrade for BESSY Il, ARD ST3 workshop, 15.-17.07.2015 1



BESSY VSR - Short X-ray pulse production

1.) Bunch length limits, low o

Zero current bunch length o:
standard optics _low  optics

73.107* 35-107°
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Longitudinal quantum radiation excitation:
« Path length of a radiating electron depends on
place s; where photon emission took place
« Itdepends on the variance 1., of the partial mo-
mentum compaction &.

« Radiation excitation limi with
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« Partiles with horz. displacement pass dipoles

on different trajectories, resulting in a long. dis-
placement (rotation in x, z plane)

Transverse longitudinal coupling:

« Horizontal longitudinal coupling fimit os:

2.) CBIs driven by HOMs

Novel technology: SC high frequency multi-cell
cavities in CW operation in a high current storage
ring!

Cavity design:
Eae = 20MV/m, Qioades = 5607, R/Q = 5250,
Qo(L.8K) = 8¢09 and HOM damped

Impedance threshold of CBIs:

3.) Transient Beam Loading
at BESSY VSR

o Tracking code for longitudinal dynamics with
one macro particle per bunch

o Slow feedback loop for cavities: Reacts only
from one revolution to another

growth rate = damping rate

Even fill solution:

o fed Bzy Re(Ze,y(f))  trans.
= x
2E/e faRe(Zy(f))/fs long.
Damping rates at BESSY II:
Syn. rad. damping: ., ms, 7, =8ms

BBFB damping: 0.25ms, 7, = 0.75ms

o Al cavities operated close to zero crossing:
Beam loading is mostly a phase shift

o Amplitude and phase variation is periodic
with revolution — transient beam loading
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Bunch length limits: Bunch length in low a is
limited by slnq‘le particle effects and camparabls
with oo 059" = 330 fsand 05" = 280 fs.
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« Consequently: Synchrotron frequency and
bunch length different for each bunch
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