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OPERATION MODES OF THE METROLOGY LIGHT SOURCE HZB Helmholtz

Zentrum Berlin

OUTLINE

 RF incident

« Established User Modes

./ I\/Ietrology Light

[ ' S MLS
« Exotic Operation Modes ource (MLS)
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OPERATION OF THE METROLOGY LIGHT SOURCE

operation since 2008
purpose: metrology

two operators sharing duty for
BESSY Il and MLS

manned operation

Mo — Fr/ 7-23

unmanned operation (user &
machine) during nights and
weekends

highly automated operation
(machine & users)

10 h of machine commissioning time
per week (+ Sunday + commissioning
weeks)
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HZB Helmholtz

Zentrum Berlin




RF FAILURE - 10T POWER SUPPLY HZB Helmholtz

Zentrum Berlin

|OT power supply

(the only RF cavity)
faulted during user
operation

overheat protection
reason: oil pump
Time to recover was 3
days

stock spares

replace on time
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HZB Helmholtz

Zentrum Berlin

ESTABLISHED USER MODES
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MLS OPERATION SCHEME HZB Helmholtz

Zentrum Berlin

o

629 MeV e ® - \ DEELELLLL
. 003 10 -0.02
“ e coupling / % o o « fully automated
%, 20 1.2 045 (push-button)
‘-‘ emittance / nradm . . Change OptiCS ~ 10 s
100 25 * reinject = 15 min

* homogeneous filling,
200 mA, no gap
- ions ®

Injection
105 MeVN — | I

o
o =+0.03 o =-0.01
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STANDARD USER HZB Helmholtz

Zentrum Berlin

£ 10"

MOTIVATION: DESIGN USER § -

-D I

-CE 104

« &, = 120 nrad m 2 g

e ]t = 1000 mAh > I

>80 % of scheduled user time @ 10"°¢

e a = 0.03 % -
s
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STANDARD USER HZB Helmholtz

Zentrum Berlin

HOW TO GET THERE?

400 —
- 450 | « 30% Kopplung long FB=An+White Noise Regler
» clearing electrodes
=
* sinusoidal excitation T
 white noise excitation applied to 3 >
. C
the vertical plane 2 a0
(minimized coupling) g ]
» white noise feedforward as a
100 — 1 T T 1 T T T T I

1
Strahlstrom/mA

function Of current 20 40 60 80 100 120 140 160 180
Verlauf der vert. QuellgréBe vs Strahlstrom/mA fiir versch. Maschineneinst.
* Tune feedforward (U125)
 active longitudinal multi bunch feedback
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LOW ALPHA

104;—

n
"

band pass filters

v..
.
%

*,
s, i‘
*,
*,
s,

FTIR

10 20 30 40 50 60 70

wavenumber / cm”

HZB Helmholtz

Zentrum Berlin

MOTIVATION: GENERATE COHERENT SYNCHROTRON RADIATION

$nor = 200 nrad m

It = 1600 mAh
a=+1.3e-4

Usually used in the bursting
region... I = 100 I,

s/m
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LOW ALPHA HZB Helmholtz

Zentrum Berlin

¥ 5
o
HOW TO GET THERE? = 4r
2 st
carefully set up 3D chromaticities on optic ramp 2
(while squeezing the beam) 1F
octupole L S
Introduce coupling to improve S/N ratio of 1k |
spectra 25525
Masterclock frequency controller
= 400 O s — :
= - S 14 g,fl. | ﬁ-M-ﬁ /10
x ~ £ 12000 |l .\'.-'H, — 79
: T
= 1 -".,J "":“,. _
2 T,
= - AL A" ~ s
= oF | & "\L-Wh
4 \ |‘
| I 25_ I|\I|- H
29% 10 20 30 40 S RS S m—
time / h octupole current / A
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LOW EMITTANCE HZB Helmholtz
Zentrum Berlin

MOTIVATION: NEAR FIELD MICROSCOPY

* ¢, ®30nrad m

« It = 400 mAh

* increasing part of user time

» dynamics heavily
ion-dominated

sstandard user low emittance  outperforming similar
experiments at other sources

—H——H—+ H——H-—oH—Ho—H-H HO—H—H—
S 15 Ry AN £ YW SRyEvIgt s I 2 .. ..... c YA AR . MR S
@_?
10 I i e I L e e e S L A JR R SR R
45
s/m
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HZB.......

Zentrum Berlin

LOW EMITTANCE

HOW TO GET THERE?

o 25 100c * Preserve usage of the
c . .
= 9078  existing energy ramp
E 54l 80 < —> allow fast optic changes
T = 70 =< . .
5 E ¢ cross multiple 3rd order
> .
60 resonances with full current
23— 50 + sextupole settings adjusted
on ramp and in user state
22 40
30
21—
2 | | | | .
3 3.1 3.2 3.3 3.4 3.5

horizontal tune
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LOW EMITTANCE HZB Helmholtz

Zentrum Berlin

MOTIVATION: STUDY INTRABEAM SCATTERING ?? - BESSY VSR

260
—— QPDOO
—— QPDO1
240
Lo L Lo | L

£ 2
g £“?= lengthening vanishes on
® 250 5 i

; ¢ . transverse blow up

~ no bursting

< 230 235

(]
~n
(=)

23

[ %]
-
(=]

225

(]
o
o

o
o

‘10 102 10° | | “H ‘103
current in pA current in pA

E T e
3 % | — QPDOO0 ER
s L / % -
|~ QPDO1 | : -,_é”f’:
E 86:— . ) 1-2}
" [+ absolutely calibrated -
84— . L. 1.15—
-« close to resolution limit ® -
82:— 14—
30i / E
L 1.05—
Mw -
78— C

\ L \ L R 1= ‘ L

L L L | -
10° 10°
current in pA 10°

ok
o

current/ mA
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EXOTIC OPERATION MODES
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HZB Helmholtz

Zentrum Berlin
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DELAYED ALPHA BUCKETS

MOTIVATION: TICKLE & PROBE MEASUREMENTS

HZB Helmholtz

Zentrum Berlin

» based on alpha buckets / nonlinear
longitudinal beam dynamics

« idea: make both buckets race each other

« alpha buckets need to be in the RF cavity at
the same time (diff. energy loss negligible)

breaking longitudinal symmetry of the ring

0 10 20 30 40 s/m
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DELAYED ALPHA BUCKETS HZB Helmholtz

Zentrum Berlin

MOTIVATION: TICKLE & PROBE MEASUREMENTS
2 ‘

delay

RF cavity

8/ Bep,

Y
\
\o«:

5 | | |
0 0.5 1T ¢/2n

IDI section

» low-a lattice (on average!)

» large partial momentum compaction of different
signs in both halves of the ring (R56)

0 0.5 1T ¢/2n
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DELAYED ALPHA E

MOTIVATION: TICKLE & PROBE MEASUREMENTS

HZB Helmholtz

Zentrum Berlin
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DELAYED ALPHA BUCKETS HZB Helmholtz
Zentrum Berlin

MOTIVATION: TICKLE & PROBE MEASUREMENTS

accessible bunch length range
corresponds to low-alpha range

3 6 ‘ : (factor v/2 due to a-buckets)
N 5 5 [} 30 ps - delay is tunable
-*Z 4L o ’  arbitrary current distribution
O * horizontal emittance suffers due
£330 : : to dispersion manipulation
2 - . - only THz usage so far
= :
0 | E | | E

|
10 20 30 40 50 60
time / ps

o

Streak measurement in ID straight
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ISLAND BUCKETS

MOTIVATION: BEAM SEPARATION

HZB Helmholtz

Zentrum Berlin

0.020F-
0.015F
0010
0.005 ]
00005 i
0,005
0.010F
0.015F

-0.020 E

llllll l-.lllAIl-IlllllIAllllIIllllll

..........

operation close

020 045 010 -0.05 -0.00 005 010 015 020

to resonance
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ISLAND BUCKETS HZB Helmholtz
Zentrum Berlin

MOTIVATION: BEAM SEPARATION

-4 —2 0 2 4
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ISLAND BUCKETS HZB Helmholtz

Zentrum Berlin

HOW TO GET THERE?

 starting from DBA lattice
« setup optic ramp to cross coupling resonance, move working point near AQ,,,, = =

* correct transverse chromaticities

» use 3rd sextupole family to preserve lifetime while approaching the resonance
 carefully check diagnostics:

 lifetime measurement or loss monitor

» tune spectra

* source point imaging system / emittance measurement
 take care for strong IDs / machine protection

core island core island

]
3 ver long

: : « only core populated
:i\,_;\,mwww - only islands populated
m A « only “one island” populated
- Mm@ COFE @Nd islands equally

I : | | | | I | | | |
0.332 0.334 0.336 0.2 0.202 0.204 0.206 0.987 0.988 0.989 ¢ [ fron

hor

amplitude
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HEB....

Zentrum Berlin

MOTIVATION: REVOLUTION DOWN CONVERSION

How to populate a single island? streak measurement
- Nonlinear kicking (stripline) (aperture used to exclusivley select

E—— photons from a single island)

2000
time / ns

» (a) equally populated islands
* (b) + (c) single island populated

0 500 1000 1500
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ISLAND BUCKETS HZB Helmholtz

Zentrum Berlin

MOTIVATION: USER OPERATION

Triggered

T | . Commissioning together with users to
optimize beam separation (rotation in
phase space)

Triggered Tektronix: ;’i’
ElNErAES \M Trig [Direct +| AcqMode [sample ~| 3000mv B[t [£] [&]]
NRZ -] [amplitude -] | XRm) [ 344 ]| X0 | X | (SR | 48 | (@K ]| Q ) [TV v (oL (D))

B - zoomvdv @] -ssoomv @ f (M| -] 140000nsigiv  @fi: 10000ns @] [E] s23pmas3zos

‘;. H Cursors (Main C3) H Histogram (Main C3) H Waveform I ‘@‘
~ |vI 138599V  t1  637.800ns Mean  6881ns prlo  484% [ 27.00mV/div ]
V2  -404614pV 12 797.400ns Median  6356ns pt2o 100.0%
Av 543213pV At 159.600ns StdDev  3945ns  px3o 100.0%
1/At 6.26566MHz  Pk-Pk  1399us  Peak 235
Hits 26797  #Wfms 1510

two user runs in decay mode with more
than 10 h each for ARTOF experiments

B -] 270omvaiv @] -ssoomv @S (M| | 140000ns/div B[ i) 19000ns @I [A]] 1230 aMa/282015

= ‘ Histogram (Main C3) || Waveform H Cursors (Main C3) ‘ \ [ﬁ]
Mean 706.3ns pzlo 39.4% . 27.00mV/div vl 402.576puV tl 678.400ns
Median 7000ns pt20 100.0% v2 -1.09126mV  t2 1.15860us
Std Dev  3950ns u+30 100.0% Av 1.49384mV At 480.200ns
Pk-Pk 1.394us  Peak 67 1/At 2.08247MHz
Hits 4810 #Wfms 5269
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ISLAND BUCKETS HZB Helmholtz

Zentrum Berlin

USER EXPERIENCE WITH ISLAND BUCKETS
» operational stability is suprisingly high . TP e

MLS Operation Master Control Panel V4.8 - (rel. 151012-1006)
- - — Settings — Ri and Status
—> pushbutton implemation for the operator ose | inssion”Enrgang | ooty | | S5 Cumnt 0055 ma
° I ih I M Ramp Optic after E-Ramp if E>105MeY Machine Comm act. Energy:  629.0 MeV
long term orbit stability is comparable to STDerETR T comrOpt10%ep
. . Run Orbit-Correction after O-Ramp Low#Alpha User a.c ve ampi one

standard user operation R et o T e Storord ser

Moise Generator Mode: Low#lpha Hybrid Injection: disabled

* beam lifetime is acceptable for decay Operation| = e e w5 vesswsswe: 160000 mn
» scientific case is not very strong for the MLS as a
curvently used table: JOpL/IOCIOpticRamp/Standard User/629MeV IDLE

it is a very flexible machine anyway . | _
> apply to BESSY Il or ** BESSY VSR e

— History SawesMail Loé & Emeréenci

07:51:33  Ramping finished

See talk Of P. GOSIaWSkI 07:51:40 checkingesttenceofOpt\cRamptab\es

07:51:40  switchin gOpt C tables to St ndard Use
07:51:40 xt pt St nifal dU

« large emittance requires delicate tuning to 5510 st s icion e

07:51:40  pr p gt pOptic

Ramp to specified Optic! | Wai““g('_‘;';)m:‘)- CUDEDY
m.

07:51:40 next optic is "Standard User”

minimize intra-bucket diffusion rates 75T appreacn O-fanp (100%cpl)

1 1 07:51:51 ramp Optic to Target Optic (10%cplg)
- - 07:51:55 enabling Moise FFWD
* AQy,, = 3, suitable resonances for operation rz: mmbie,
07:31:57 Waling for min cursnt £50me)

» dynamics were also investigated around 73157 g Ot ot

07:51:57 sequence finished

1 1 075356 switching of micratran

A Q 07:54:04 Microtran s off now
hor — 2 5

« also works in the vertical plane at AQ

ver ~
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CONCLUSION HZB Helmholtz
Zentrum Berlin

» user operation of the MLS is characterized by:
» single standard user mode
* many user-tailored modes making use of machine flexibility

» close cooperation with users when developing new modes of
operation
* CSR instability thresholds
* lons dominating dynamics in several states
 MLS is a great machine to study nonlinear beam dynamics

« Longitudinal plane - alpha buckets

« Transverse plane - resonance island buckets
« experience gained is transferred between MLS and BESSY Il
 realization of the Robinson wiggler project will be exciting

Operation Modes of the MLS - Markus Ries et al. - ESLS XXIIl - Paul Scherrer Institut - Béttstein - 25.11.2015
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HZB Helmholtz
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ELECTRON LOSSES HZB Helmholtz

Zentrum Berlin

%1012

220

total

beamshutter clearance = true

200

commissioning

180

160

140

120

100

accumulated lost electrons over 110 MeV

80

60

40

20

—LII|III|III|III|III|III|III|III|III|III|III|III

] | ] ] |
02/05/14 02/07/14 01/09/14 01/11/14 31/12/14 02/03/15 02/05/15 02/07/15

time
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BEAM LOSSES HZB Helmholtz

Zentrum Berlin

%102
w
w
o |
I —— {O1a]
E 50 — E-Ramp
8 — — O-Ramp
- | — Deamshutter clearance = true
) — COMMISSIONING
o) — — [N{entional
©
5 40—
UJ —
O
- |
[0}
S |
© -
w
C ———
S 30
b -
[&]
Q |
GJ —
—-—
8 —
©
@ |
—-—
('_U —
> |
&
8 |
o 10—
@© -
T ' ' |
O |

02/05/14 02/07/14 01/09/14 01/11/14 31/12/14 62/03/15 02/05/15
time
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METROLOGY LIGHT SOURCE: STATS HZB Helmholtz

Zentrum Berlin

UNDULATOR e E=50..629MeV

(105 MeV inject.)
* (C =48m
* R, = 1.528m
c §,=07e—4 ..42e—4
* f,y = 500 MHz
U, = 500MV
S+« 7=20s..10ms
e a=-3e—-2..7e—2

OCTUPOLES

* o= 1ps..100ps
* Q=318

higher order mode =~ = & . Q,,, =223
damped RF cavity

MICROTRON
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METROLOGY LIGHT SOURCE: SPECTRUM

10'°

10"

10'°

photons / s / 1% bandwidth

1012 Col sl A e sl lxl.l.m

102 10" 1 10 10° 10° 10°
E / eV

photon
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HZB Helmholtz

Zentrum Berlin
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METROLOGY LIGHT SOURCE: ALPHA — EMITTANCE — RANGE HZB Helmholtz

Zentrum Berlin

long straight

107

= 0.2

0.15—

normalized solutions

| 1 1 1 -'Is;'. 1 1

10?

L1 3 10—7
10
emittance / nm rad
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METROLOGY LIGHT SOURCE: ALPHA — EMITTANCE — RANGE HZB Helmholtz

ML5_chromaticity

dispersive orbit distortion

OperatiOH vioaes Ol Ul1e IVILDO - IVIAIKUS KIES el dl. - ESLD AAIN - FPadul SCrierrer imsuwut - sousteln - £9.11.ZU10

Zentrum Berlin
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METROLOGY LIGHT SOURCE: ALPHA — EMITTANCE — RANGE

0.3

0.25

0.2

0.15

0.1—
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5/107°

HZB Helmholtz

Zentrum Berlin
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LOW ALPHA HZB Helmholtz

MOTIVATION: STUDY BURSTING THRESHOLDS

« 1000
=
= 900
800
700
600
500
400

300

200

100

lllllllll|lllllllllllllllllll[llllllllllllllIlLll

0 L rrrryprrirrprrrea LI | llllIlIll L | lllllllll

50 100 150 200 250 300 350 400 450 500
U/kV
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Zentrum Berlin
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NEGATIVE ALPHA HZB Helmholtz

Zentrum Berlin

629 Mev/_, . - . \
0.03 10° -0.02

coupling / % _

» low-a operation without octupole

20 1.2 0.45

o emittance /nradm  study differences near the
l ] 100 - | l bursting threshold for +a

injection
osmeN — .V

o =+0.03
E 3 S ioony SNSRI 4 ol wonade OO ookt A SSSONELovroe O A i sl E
> Q
= — 2
10_........... .....:. .........
51— -— 0
_ )‘ 5\ |
% 45

s/m

Operation Modes of the MLS - Markus Ries et al. - ESLS XXIII - Paul Scherrer Institut - Bottstein - 25.11.2015 37



LOW EMITTANCE HZB Helmholtz

MOTIVATION: LOW EMITTANCE — RAMPING DOWN

time < 10.2015 time > 10.2015

200 —

180

160

beam current / mA

140

120

100

80

60

40

20

| | | | C
0 12

time/h

o
N
N
(o]]
o
=
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Zentrum Berlin
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ROBINSON WIGGLER

MOTIVATION: REDISTRIBUTE DAMPING PARTITION
Principle of operation

HZB Helmholtz

Zentrum Berlin

Pole

long. quantum lifetime hor. quantum lifetime
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