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BESSY Il - USER FACILITY

» 1988 design, 1994 ground breaking,
1998 user operation

hybrid filling pattern operation
= flux, brightness, timing

“single bunch” 1.7 GeV,300 mA

slicing ) ]

» decay machine with TopUp upgrade

* slicing facility upgrade

 superconducting wave length shifter (x2)

#1 #400

single bunch, few bunch = timing 100ps * in-vacuum undulator

low-Alpha > timing 2ps, coherent THz radiation * 4x500 MHz EU cavity = 1.4MV with ~75 kW beam loading
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WHY HARMONIC CAVITIES @ BESSY II?

HARMONIC CAVITIES FOR BESSY II

designed as
* decay machine

* withoutin-vacuum IDs

* harmonic cavities for bunch length
control nice-to-have-technology

. . . 2013 4505 h 96.5%
* high powerincident s son e
* - hardware kept alive beyond its ot i
lifecycle, no spares T R
bunch length sensitive experiments:
L. . . . . current year pop——
STXM, slicing, low-alpha (CSR)... 30% bunch lengthening, 25% lifetime increase Preaiel__7__]
| 99.21 o/ol#outagesE
NITBFI 100.6 hI

last year

required for user operation of BESSY Il with e 95,98 %] MTTR[ 0.79 h|

there probably will be another CPMU

state of the art in-vacuum insertion devices
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STABILITY & BEAM LOADING

coupled bunch instability thresholds
* transverse ~100mA

* longitudinal ~250mA
(dominated by passive cavities)

large transient of ~120ps for standard fill
pattern

we try to convince our users to go
towards shorter gap (200 ns = 60 ns)
* hard with diverse user community
* BESSY Ill perspective

no temperature detuning for main or
harmonic cavities

“harmonic plunger” for 3" harmonic
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144 [ scientific demands | |PTB/BAM
42 12] forBESSYII
%w- 1. 15tID harmonics 1. Ring Energy 2.5 GeV
F . polarized up to 1 keV (1.7 GeV)
5 o from conventional
X 2
APPLE-Il undulator .
01 u I 2. Emittance 100 pm rad
§ £ % 8
B 2 2. Diffraction limited to 1 (5 nm rad)
- - Energy & Catalysis og% kev .
ew i = 3. Circ. 350m
E & Catalysi c ®© . . .
e 5S 3 Stayin Berlin-Adlershof 16 straights @ 5.6 m
=MV il Gianmsriom, 25 with same capacit :> (240 m, 16 straights @ 4 m)
‘.g: e @ Quantum & Information .g :'é p y ’ g
m — . 3
3 - @ uf I o 52 4 Nanometer spatial res. & 4. Low beta straights &
highest coherence 1
et e g ﬁ phase space matching Round beams
= small spot by ) : e =
B o bean Wl reath & Lie sciences e W=l (82| PTB/BAM metrology 5. Metrology - hom. bends
Clircular polarization . .
A ultrahigh resolution wh PTB@BESSY Il BAM/PTE % a I|Cat|0ns
W very |ogw energy _ . 3 = pp —_— 6. Momentum >1.0e-4
@ hard X-rays Materials & Metrology :§; l o % . f
mim flat fill pattern Materials & Metrology )»)':'6:.’ “ §§ com paCtlon aCtor
- Bunch length ~ 10 ps
s ;38§§88883%8¢25¢88
g8 “e R g
} Photon Energy (V) 6 x 500 MHz EU cavity

6 x 1.5 GHz Harmonic EU cavity
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* user operation since 2008
 owned by PTB, designed & operated by HZB
» 38wy/a standard operation, 8 weeks special operation

Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

<— wavelength / nm

Circumference 48 m PR - o
. frev =6.25 MHz T band width

Revolution frequency T.., =160 ns 0' b amE e 107

Operational Energy 50 MeV to 630 MeV = 0k ik e BESSY I

Mom. Comp. Factor -5x102 < a < 5x1072 % o i
. 120(Standard User) g i

2 8

emittances at 630/250 MeV 30 nmrad (SSMB) o RE

RF frequency 500 MHz . .

One Undulator U125 A, =125 mm EEIETEEE ~ wsecws e

1 10 100 1000 10000
photon energy E/ eV  —»
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WHY HARMONIC CAVITIES @ MLS?

HARMONIC CAVITIES FOR MLS

200
» firststorage ring optimized for low alpha operation by using a dedicated 75|
sextupole and octupole correction scheme 150 |
* unique conditions for experimental ARD towards steady state T 2s]
microbunching ->necessary condition for SSMB: |a| < 2x10° = 100/
* regular and frequent user operation in low-alpha (CSR) -
t 5]
)
: . | 50 |
Operatlon Condltlons Isochronous storage ring - —— |T= 1000mAh
* Standard Laser-e~ interaction Diehioie rifvop oo IT = 3DDDmAh
. ' 01— . . . .
* homogeneousfill pattern, e 0.0 0.5 1.0 1.5 2.0
- N \ time / days
no gap D
. decaying beam ‘ S «s banc-pArticle : .
. - »2 | EXperimental demonstration ofthe
ow alpha Taser Modulator & radiator @ % o .
, s chorFigorerin i mechanism of steady-state microbunching
* homogeneous fill pattern, Delector
n O ga p https://doi.org/101038/s41586-021-03203-0 2iuiieldD:ng‘, :llex:r:dﬁlsh:f’:, Jérdg I;:il:es‘:.kA:nYe H?e:li, WenAhL':’iI H:ani‘: Riman Klein®,
* decaying beam, 160 mA oot 1y 0 s
hd SSM B Bublished onfine: 24 kebruary 2021 The use of particle accelerators as photon sources has enabled advancesin science
° Short train, 10 IJ-A Deng, X., Chao, A., Feikes, J. et al. Experimental demonstration of the mechanism of steady-state microbunching. Nature 590, 576-579 (2021)
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PROTOTYPE WORKING AT BESSY Il

HARMONIC EU CAVITY

ALBA Active Design
* collaboration ALBA/HZB/DESY
* under commissioning

* inoperation at BESSY Il at this very moment
(parked at -4.5 rev. harmonic, transmitter off)

> HZB
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R&D

3.5THHARMONIC CAVITY @ 1.75 GHZ

* VSR “light”

1.0
instead of shorten every 2" bunch S 05!

- lengthen every 2" bunch S 0'0 ____________________________________
 voltages of 3" and 3.5™" harmonic 5‘ -0.5

defined by main RF gradient, —1.0]
momentum acceptance, bunch
length

e seethetalk of Adolfo Velez
Wed. 12, 10:10
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SUMMARY
WHERE DO WE GO NOW
WITH HARMONIC CAVITIES? S 7 i
* BESSYI Cavity BESSY II 1.5 GHz
* ensure reliability BESSY || 1.75 GHz 4
« explore beating
MLS 1.5 GHz 2
© MLS Transmitter  BESSY Il 1.5 GHz 3x15kW
* improve user operation (1 existing)
* high potential for SSMB research BESSY || 1.75 GHz 3 15kW
« upgrade to dLLRF (20 units including fund. RF) (3 existing)
» design ingredient for BESSY Il and MLS2 MLS 1.5 GHz DS
. . . dLLRF BESSY Il 1.5 GHz 3+1
* contribute to a common / standardized design
BESSY Il 1.75 GHz 3+1
* timescale MLS 1.5 GHz 1+1

e 6x1.5GHzcavities @ 2025
e 4x1.75GHz cavities @ 2026
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OUTLOOK

MID TERM FUTURE AT BESSY II
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