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PETRA lll Parameters

Circumference (m) 2304
Energy (GeV) 6
g, (nm rad) 1
g, (pm rad) 10
Current (mA) 100 (200)
# bunches 40 / 960
Straight sections (%) 9
Undulators 14

Undulator length (m) 2,5,10 (20)

(*) limited budget
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New experimental




Layout and optics of new octant

2 o C':vilnwpl‘\l_olrl—lclost limks bis st limks a9 libksl = o 8 Complete DBA Ce"s
| ZaniETImsiesrse i-Caimm_3omri0et00 Cell length 23 m

High beta: Bx= 20m pBy=4m

S o paeina
A | e=mme

Straights can house

. either

. om long IDs

or

5.0 100. =oo. 2 2m long IDs (canted undulators)

T O O | eneie between canted [bs: Smrad

Number of 2m IDs: 10
Number of 5m IDs: 3
Number of 10m ID: 1
Total : 14
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Damping Wiggler Sections Collaboration with BINP

g.: 45— 1 nmrad

Damping wigglers
* Number 20

* Lwiggler =4m
*B=15T
*A=0.2m
*h=0.025m

* Prad@200 mA = 2*440kW
® , - critical energy 36 keV

o TS

¥

absorbersm
1 e i
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Complete Optics

PETRAIIT 72/72 WITH DAMPING WIGGLERS

50, Win32 version 8.51/15 | | | _05/11/06 _13.42.25
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Stored beam

Beam was stored on April 13 (one bunch with 20 pA i.e. about 10° e+)
RF — phase right and orbit empirically corrected in the new octant

First orbit measurement,

I Application |
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Summary of Commissioning Results
with all wigglers installed
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Optics correction

Result after 2 Iterations  (Ak/K),., = 2%

Horizontal AR, /B, s = 3% Vertical AB /By s = 2%

Beta Beal (v (10)=36.1223, v (0)=36.1166) Beta Beat (v,(10)=30.2885, v, (0)=30.2788)
1.2 T T T T 1.08 T T T T
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Details see THPDO085
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Dispersion

Corrected Horizontal Dispersion
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Emittance Measurement

Emittance measured with dedicated beam line
Details see MOPD089

Signal in RO hor. Profile:s = 10.60 pixel

70
1
80 2
5 0.9
kS
90
0 . Summary
_ 250 300 350
L 100 hor. pixel .
o ver. Profile's_= 5.30 pixel Measured emittances (nmrad)
¥
o i 09 < g <11
> Sy < 0.02
.‘%
120 g0
=
=n ot e Expected emittance (no ID’s)
250 pixe?ioo 350 vert. pixel gx *1.06 nm rad

Calculated horizontal
width: o, = 44 ym

Calculated emittance
g, = 0.9 nm rad
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Off- and on-momentum Aperture
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Acceptance

Measured Acceptance

Acceptance from Tracking including Aperture Limits 14
1.2
] = 50 % beam loss
£ % 0.8}
: g
s 8 0.61
< b=
2
04}
0.2F
510 15 20 25 20 35 40 0 . . . . . .
A, [mm mrad] 0 5 10 15 20 25 30
Horizoptal A t
= 20 % beam loss
Calculated ACCeptance: Measured Acceptance:
Ax = 35.0 mm mrad Ax =27.0 mm mrad
Ay = 2.2 mm mrad Ay = 1.2 mm mrad

Close to 100 % Injektion efficiency requires Ax = 20 mm mrad and Ay= 0.8 mm mrad
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Detuning with Amplitude

Qy:ny.Jy+ny.Jx | "'

Vertical Detuning with horizontal Amplitude
303 T T T

A0 78 . ¥ =-2083%x + 30.28

30261

30241

5
% ap22f
“ ap2

3018
ol Qyy=2100
3014
0 1 2 3 4 5 B
Horzontal Action % 107%

Calculated detuning;
basically dominated by Sextupoles
(wigglers included!)

Details see WEPEAO16,
WEPEAOQ017

Detuning with Amplitude
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Horizontal Amplitude

Measured detuning

Adjustment of wiggler
Field quality with magic fingers
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Momentum acceptance

Touschek lifetime vs. Uhf

7 Calculated Touschek
; Lifetime (MAD)
6 g, = 0.9 nmrad
Z e, =13 pmrad
St
3 Calculated acceptance

About 1.7 %

Momentum Acceptance - With Multipole Errors - COx=36,115/0y=30 32

asured lifetime

Ib=1mA
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I £ e
: 20 M
0 . . . | . . . | . . . | . . . | . . . | . . . | . '-E' ;E
10 12 14 16 18 20 22 E 25p o
Uhf (MV) £ 2of 3
e 15k
10+
Estimated momentum acceptance about 1.6 % 5r. v
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5 pip [%]
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Orbit Stability
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B (m). B (m)

Stability Requirements

e, = 1nmrad; «=0.01

Ny I i S 1 L A e |
ISR U gy T LT T 1T
49 DPBACELLlowbetax MAD-X3.04.56 06/06/09 16.11.41 40, -DBA high beta x MAD-X 3.04.56 06/06/09 16.11.42
| Sk B
35. - <354 [
' g . o, = 140 pm
30. - 30. - -
| a 6, 6pm
25. - 25. - 3
20. - 20, high Bx
15. - 15, -
10. - 10, -
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0.0 5.0 10.0 15.0 20.0 25.0 0.0 5.0 10.0 15.0 20.0 25.0
s (m) 5 (m)
Stability requirements:
horizontal: 3.0 ym horizontal:14.0 ym
vertical : 0.6 ym vertical : 0.6 p

m
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Orbit Stabilization

> Passive measures

= Foundation of the exp. hall
= Careful design of girders

= Air-conditioning of the new tunnel: £ 0.1° !

> Top-up
= Frequent filling of the machine to assure thermal equilibrium of components

> Active measures

=  Orbit-Feedback
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Top-up Operation

Automatic procedure
Keeps current constant on a
0.1 % - 1.0 % level

For example:
70 bunch filling
(At present standard filling for users)

Petra DC Current
Printing  Select Machine  Display Options  Data Selection  Expert Junk  Server-Info

PETRA 47.153 mA

de-bun 1,20 mA—

....................................................................
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Orbit Feedback

> PI controller & suppression n * 50 Hz

> Standard BPM electronics
but special output port with higher data
rate

> central processing via star structure
positive feedback effect from DC up to
600 Hz

> Air coils
Omax = 35 urad
# new part: 30 hor. & ver.
#old part : 11 hor. & ver.
mounted on stainless steel chambers

8 |
| |1 I
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Horizontal Feedback (short term stability)

horizontal PSD vs. f(Hz)

X (urnlez)

10+

of old octanﬁ4

10 -

10°+

Quad-supports

——FBon

— FBoff

10

integrated horizontal PSD vs. f(Hz)

20

181

16

14

—FBon
— FB off |

c/10

12

o(f)=

\
f max

[sehar

/

50 Hz!

Toﬁ
S
S
EEI
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Vertikal Feedback (short term stability)

10— velm‘c“al‘ PSID VSf(HZ)‘ Y integrated vertical PSD vs. f(Hz)
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Long term stability

Stability of position and angle at PU7 (high beta cell)

PU7: x (blue), X' (red), Current (black) PU7:y (blue), y' (red), Current (black)
1 60 r 160
0{ ‘ osl
i 50
06 ‘ [ . | 50 06 .
Al v I I T T '
0.4
0.4 140 140
e] ©
0.2 = 8 0.2f T
£ E = g
x o of 130 € > 0 130 €
£ g c o
= | 3 = 3
S 0.2 O S 0.2 O
150 120
-041 -0.4
-06F -0.6}
- 10 7 10
-08} -0.8}
o 2 s 6 8 10 12 14 o 2 p 6 8 10 12 14
— _A0* N~ — 10t
V V
Stability Hor. Ver.
requirements
Position (um) 14 0.60
Angle (prad) 6 0.24
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Current limitations
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Current limitations

single bunch (TMCI)

Design: 2.5 mA (100 mA in 40 bunches)
Measured coherent tune shift vs, current

Datei Maschine(Petra) Optionen Hilfe — A—f;c ~ _O. 1 5 kHZ Afy ~ _1 kHZ
2639 Al -1.00 [ ) Al mA Al mA
Cursor
3.000 10 Determine kick parameters:
] /WV 1. d f= <'8> k
- dI” 4r Ele
s T : ? Kick parameter (V/pC/m) horizontal vertical
] - 3333§ measured 490 3420
| J L [T calculated 750 2600
L MV/ LA Limit for 2.5 mA : 4800 V/pC/m
TueEI"-\i'IBZEI]—.;(;MCESTZ;OQ_ . e e Minutes
Sticen 'z A 8 en :Cm 20 30 40 50 60 Slngle bunch intensities of up to
||i ‘Bkr)(pPeCQn... 18.08.09 20:15:... Operations Mode [Betri... Serveranwahl [Defau... (5)KeinelniDa... 29 mA COUId be Stored’
Deliberately limited at this current
In ordner not to damage BPM electronics
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Current limitations
coupled bunch instabilities

> Coupled bunch instabilities in PETRA II:

longitudinal | horizontal | vertical

lres (MA) 7 6 6
1)1 (Hz) 35 50 60
Z,. 3.6 MQ 45 MQ/m | 54 MQ/m

PETRA III: 12 seven cell cavities which large par. shunt impedance

— powerful broadband (BW2 60MHz) feedback neccessary
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Current limitations

coupled bunch

E E-Weg und PETRA Bunch-Stroeme {Version 1.0.0) BEE&E

Bunch Currents From PETRA BunchScope.Data

Design: 100 mA

o
Bunch-1 Bunch-30 Bunch-180 Bunch-280 Bunch-380 Bunch-480 Bunch-580 Bunch-679 Bunch-730 Bunch-880

wertical scale (uA) SOE Sum Current : mA

L]
04— Bunch Profile 5 — 2000 Bunch Current Trend aCh Ieved
0.2 ; / -B“I bh ‘21 i i ::z i P o 1’17””"”"”
; iy -
ot e L 70 bunches : 96 mA
T 3w
VERE i 2 240 bunches: 98 mA
“ | AP Ay unches: 98 m
i | | 200
0.3 : : ; : !
i i i i 100 .
WL ; . : 960 bunches: 89 mA
4 35 3 25 2 15 1 05 0 05 15 2 25 35 0 10 20 30 40 50 ]
nnnnnnnnn ds Tue Sep 15 16:12:20 CEST 2009 Minutes
vertical scale (Volts) 0.45 uA vertical scale (uA) show ->
[ 15.00.09 171221034 ceST | | Undefined | [Gatscev | [ s1108ma | | Positronen |
[ [BkrXpPeCon04 | 15.09.09 17:12:22 [Operations Mode [Betrieb] [Serveranwal hi [Default] {5)KeinelniDatei

Transverse broadband FB is working well

Longitudinal FB: at least 5 out of 8 broadband amplifiers damaged October ‘09!
Probably amplifiers were destroyed during switch on!

Successful tests with four repaired amplifiers in 2010

®
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Vertical blow up (Operation with e+!)

63 mA in 70 bunches

50 mA in 70 bunches

Datei  Qptionen  Hilfe

Datei Optionen Hilfe
Schirmmonitor |Monochromator - Schirmmonitor |Mon
2 & 4 b B 7 T =

i 1

I H
/A

¥ Analysis Z Analysis ¥ Asyshysis Z Anatysis

Ampitude 2358 Amplitude 2248 Amplitude 6495 Amplitude 2526

Position 1.04 mm Position -0.72 mm Position .01 mim Position -0.94 mim

Sigma 46.91 um Sigma 49.08 um Sima 4264 um Sipma 13083 (111

Emittance  1.17 nm rad Emittance  0.07 nm rad Emiitance  0.9331 num rad Em#ttance 05715 i rad
# [BkrXpPeCon05 j01.04.10 16:41:31 [Operations Mode [Betrieb] [Serveranwah [Default] [5)KeinelniDatei N ke XpPeCon05 28.04.10 13:56:17 Dperations Mode [Betrich] Serveranwahl [Default] {5)KemamiDated

Klaus Balewski | Commissioning of PETRA Il | 25 May 2010 | Page 28



Vertical blow up (Operation with e+!)

70 bunche (Atg=96ns)

| =35 mA

Vertical Spectrum 11-May-2010 11:18:11
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fy = 39 kHz

Remedy for 70 bunches:

of— +5

e Increase Gain of
vertical feedback
by a factor of 4

210 bunche (Atg=32ns)
| =74 mA

Vertical Spectrum 11-May-2010 12:13:09
T [ T i}

10 20 30 40 50 60

fy = 39 kHz

640 bunche (Atg= 8ns)
| =64 mA

Averaged Vertical Spectrum 11-May-2010 14:41:59
T T R 00 T A ) T T S M B R TR T T

| i ]
10 20 30 40 30 60

fx = fy = 39 kHz

15 kHz

e —cloud ?
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ID’s
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Undulator Installation

Undulator PU 10 . | Undulator PU 8 & 9

'ﬂq i S

’ "

Undulator PU 4
APPLE I1

10 of 14 Undulators
have been installed

RA Il | 25 May 2010 | Page 31 %



U29 5m u29 u32 u23 UEBS5 * u19 U32_10m

Minimum magnetic gap [mm] 9.5 9.5 9.5 9.5 11.0 7.0 12.5
Period length A, [mm] 29 29 31.4 23 65.6 19 31.4
Length L [m] 5 2 2 2 5 4 10
Periods 169 66 60 84 72 204 2x 156
Peak field B, [T] 0.81 0.81 0.91 0.61 1.03 0.7 0.68
Deflection parameter K .« 2.2 2.2 2.7 1.3 6.3 1.24 2.0
1st Harmonic E ; [keV] 3.5 3.5 2.4 8.0 0.3 10.2 3.6
Total power P,; [KW] 7.5 3.0 3.8 1.7 11.8 4.5 10.7
On-axis power density [kW/mrad?] 190 76 80 71 0.17 200 300
Power in 1x1Tmm? at 40m [W] 119 47 49 44 0.1 122 185

High-B source (10keV)
Low-B source (10keV)

size: 140x5.6 pm2
36 x 6.1 pm2

size :

divergence : 7.9 x4.1 prad2
divergence : 28 x4.0 prad2
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Beam-line Status 2009

; First beam on diffractometer
GEEX RQ 0&Aw=iil = R . September 27

First friendly users

October 5
Beam Beam
- line | hours ‘09
S pr O P08 1000
P09 1200
P10 200
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Impact of IDs on tune /optics

Undulator gap PU 10 Optics correction for planar
200 \ | 7 | PU0S Undulators not foreseen!
e =
16"& ,,,,,,,, ;’7 ,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,, In case of the Apple Il and IVU
» Vo we have to see ...
120
£
E 100
80
50
40 ‘
lL |J | | | I
R N A S 1965, 500 1000 1500 2000 2500
Measurement
00 S(IJO 10‘00

AQ, = 0.0015

| | |
500 1000 1500 2000 2500
Measurement



Number ID Type Energy range Status 2010
(keV) First half Second half
PO1 10 mU32 (pres. 2m) 5-40 commissioning | Friendly users
P02 2 mU23 20-100 commissioning
P03 2 m U229 8-25 commissioning | Friendly users
P04 5 m UEGS (APPLE) 0.2-3.0 commissioning
2mUuU29 8 -50 commissioning | Friendly users
- 2mUuU32 24 -50 commissioning | Friendly users
P07 4 m U19 (IV) (pres. 2m) 50 — 300 commissioning | Friendly users
P08 2 mU29 54-30 Friendly users Regular users
P09 2 mU32 2.4-50 Friendly users Regular users
_ 5muU29 4 — 25 Friendly users Regular users
P11 2 mU32 8-35 commissioning
P12 2 m U29 4 -20 commissioning
P13 2mUuU29 5-35 commissioning
P14 2 m U229 5-35 commissioning

High B

X

¥
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Parameter Design Achieved
Energy (GeV) 6 6
g, (hmrad) 1 1
g, (pm rad) 10 <20
Current (mA) 100 98
# undulators 14 10

Regular user operation (4.5 d / week) with up to 60 mA works fine

Orbit stability:

short term stability okay

long term stability looks promising but more work required
Current:

more work required to raise current

and in particular to understand the vertical blow-up
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