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Introduction
PETRAIlN

2.3km, 6GeV, since 2009 39 gen. light source

« Brightness 480b@120mA

« Timing 40b@100mA

« Emittance 1300pm rad

« Electronics VME/SEDAC etc

« Control system Tine
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Introduction s comer —
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2.3km, 6GeV, since 2009 39 gen. light source = 4" generation »

WP2.08
MBFB e

 Brightness* 480b@120MmA > 1920b@120mA
+  Timing* 40b@100mA > 80b@80mMA W PETRAW ‘e
« Emittance 1300pm rad - 20pm rad

« Electronics VME/SEDAC etc > MicroTCA.4 exension \ 3 PXE
West (PXW) Ada Yonath
- Control system Tine - DOOCS (TANGO at exp.) Hall

Injection

* PETRA IV non-baseline values:
e 3840b@200mA
e 80b@200mMmA
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St.J;l)ply 'a‘re‘zas " N auI P. Ewald Hall
Introduction ST - R
PETRA Ill > PETRA IV upgrade status 10 xPaw ;/:f'
W,V /i C
: : : .| /84
2.3km, 6GeV, since 2009 3 gen. light source = 4th generation ‘i(;f A
. il / WP2.08
« Brightness* 480b@120mA - 1920b@120mA ’(’ 71 VMBEB 7
i | ,‘1‘\
»  Timing* 40b@100mA - 80b@80mA W W] 1 PETRAW |
- Emittance 1300pm rad - 20pm rad \\ E@J\ New PXW hall @ a ‘
« Electronics VME/SEDAC etc > MicroTCA.4 Extensio;\ - \/ Stz <oxe
West (PXW) N\ N\ Nl ;lwiitrlmz%/ Ada Yonath
« Control system Tine - DOOCS (TANGO at exp.) X /)
o Hg = Injection
2022 2026 2028 2030 2032 -

Project approval

Technical Design Preparation

0 CDR ‘ TDR/ eady for Proposal submission

4@ shutdown PETRA il Start PETRA IV

Writing EDR @ eor First Light
PETRA IV Project: LPA, Transformation, Preparation [N Commissioning
Procurement (Accelerator & Beamlines)
Girder Assembly
AcceleratorDesign | |

Conceptual Design of Beamli _ Technical Design of Beamlines Upgrade of Beamlines Construction of BLs in PXW

* PETRA IV non-baseline values:
3840b@200mA

Operation Beamlines PXN, MvL, PXE ’ ’ Operation Beamlines PXW
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Introduction

3rd Gen Synch a adnatson Soume

Courtesy: Tim Wilksen
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Stripline kickers

Introduction

T-MBFB Rack
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NEW Stripline kickers NEW

Introduction BPAS

Status PETRA lll = Upgrade PETRA IV b1 .
T-MBFB Rack = a—
PIV upgrade (diag & FB system) NEW
Stripline BPM  NEW !ﬂ |
ks B | L-MBFB Rack, HPAs and phase shifters
PIV upgrade (diag only) = 1

T >
/
, “ « g
.
L . o
\7 Ry —
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DESY | .LFAST Workshop 2024 on Bunch-by-Bunch Feedback Systems and Related Beam Dynamics | 3-6 March 2024 | Sven Pfeiffer Page 8



Recommended 2 step
(foreground/background)
ADC calibration mechanism?

Introduction
MBFB upgrade plan for PETRA IV

Decided for an in-house development as the MBFB system is a key Support and developments of systems

diagnostics system - Building up of scientific know how . Re-usability of boards, FW, SW

*  Processing unit with Rl.:SoC.é new l?oard (DAMC- . Generic FW and SW developments
DS5014DR) under design with other int/ext stakeholders o
(BAC, kicker pulser system, photon diag. (GMD, ToF), »  Partly open source ( BSP / application core )
SCK-CEN (LLRF), ...) « Collaborations using ChimeraTK and FWK

« DOOCS - OPCUA - Tango - EPICS
//H\.
* New hardware boards licensed to industry (DAMC- pasg G

* Project owner Behzad Boghrati (new at DESY 01/2024)

« Currently collecting specifications

o5
0

FMC2ZUP, DAMC-UNIZUP, ..., DAMC-DS5014DR) s

« DAMC-UNIZUP (I-Tech BPM) e TR | R T e
under tests S ’
» Cost-effective alternative to SN S u——
the DAMC-FMC2ZUP i : d
« Test results are very good! ° inpetianm | " -
B Lm:::;un b Quad_228MGT_X0Y16TX (xczu11_0) Quad_228/MGT_X0Y16/RX (xczu11_0) 10.313 Gbps
Link 1 Quad_228MGT_X0Y17/TX (xczu11_0) Quad_228/MGT_X0Y17/RX (xczu11_0) 10.313 Gbps

. > w il g . «; > 3

i {',,’,; Y Sl S@ b F Link 2 Quad_228MGT_X0Y18/TX (xczu11_0) Quad_228/MGT_X0Y18/RX (xczu11_0) 10.313 Gbps
s P iR

Link3 Quad_228MGT_X0Y19/TX (xezu11_0) Quad_228/MGT_X0Y13/RX (xczu11_0) 10.307 Gbps

B g T meAEE
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MBFB design status

Layout of the T-MBFB system

« Stripline BPM
 Front end electronics

« Signal processing

- ADCs
« Digital processing
« DACs

« HPAs and stripline kickers

PETRAIV.

Q NEW DIMENSIONS

Front end

, ADCs
electronics

HPAs

A4

A 4

Processing[—* DACs

h

r
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MBFB design status

Layout of the T-MBFB system

« Stripline BPM —design by WP2.05
« Front end electronics
« Signal processing

« ADCs
+ Digital processing
- DACs
« HPAs and stripline kickers

CST model for EM simulations [S. Strokov]

To

]

"y
n

Amplitude [nV/HZ]
=
o -

o

p level requirements*

Each bunch requires control, 2ns minimum bunch spacing

Each oscillation mode is associated with a frequency from zero
to half bunch spacing frequency—> bandwidth: [0 ... 250MHZ]

All modes need negative feedback
» Phase response need to be flat to few 10 degree

« Amplitude response should be flat to within 3dB

/\I"

_xI__,' | \ ;“'i /
),-' l "‘-l”ff 1 \\/.ﬁ
0 0.5 1 1.5 2 2.5
Frequency [GHZ]
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MBFB design status

« Stripline BPM
 Front end electronics

« Signal processing

« ADCs
» Digital processing
« DACs

« HPAs and stripline kickers

Stripline coupler
pickup (vertical MBFB)

Analog signal preprocessing and signal conditioning

« Combiner and filtering stage

« Gain control for signal conditioning

« Bunch currents 0.05mA .. 2.5mA (0.4nC ... 7.7nC)

« Beam offset compensation

SNR of analog electronics

» Calculated SNR, based on an analog electronics model, is about 70 dB

6-pole, 2-GHz, Mechanical

MicroTCA.4 Electronics

Front-end on the RTM
(DRTM-MBFB-FE)

Digitizer on the AMC
(DAMC-DS5014RT based on
Zyng UltraScale+ RFSoC)
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o r_'% Bessel, delay Variable
Combiner uE: : lowpass filter line attenuator RF hybrid

N @
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& ° | Puse /“(

2o |multiplier \ P~ INT 2 |

o &

— = 8 ><

Combiner £ ©

a8

& S | Pulse IN2 A

Ve multiplier \

RF amplifier Variable
l\ sl FPGA fabric
yVal 14-bit | | and
}A \, ADC ARM
7 processing
f4=5 GSPS
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Requirements

MBFB design status

« 3 (better 4) ADCs per plane (A, Ar, Z, (Monitoring))

.  Fast data processing for feedback and diagnostics
« Stripline BPM P J J

« T-MBFB, cleaning of parasitic bunches, emittance control*

* Front end electronics * Bunch resolved position, phase, beam stability, tune
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« Signal processing « 8 DACs per plane
« ADCs (RTM) * Fine delay adjustments, dynamic compensations, ...
 Digital processing (AMC) DAMC-DS5014DR | Double-width mid-size AMC board
N ORTMMBFBFE s  ZU47DR Zyng Ultrascale+ RFSoC 3rd generation
® DACS (RTM) ------ 8 |A°‘:F'°""E“"‘ ----------------------------- g RTM ° (930k Iogic cells, 4272 DSP),
g g | e «  ADC 8ch 14-bit 5GSPS, 6GHz analog BW,
HPAs and stripline H - - = - DAC 8ch 14-bit 10GSPS
kickers g | = iR S —3 E e -
= /X ’ = > " = ial
‘; g DAC Back-Ends 8x diff pai : = WT:— - s':z"rl:p oo g;sf‘::‘o;m‘ - ‘-T
DRTM-MBFB- £ ol * ﬁ[: = = s o
FE currently in s St J “t.| e Hil: ET= :
production BB ! = s
@ IF—LA& CPLD ‘E::‘ g g s —




MBFB design status

Layout of the T-MBFB system

« Stripline BPM
 Front end electronics

« Signal processing

« ADCs
» Digital processing
- DACs
« HPAs and stripline kickers

Requirements

Shunt impedance Rs [k?]

8 HPAs per plane (2 per stripline kicker)

At least 250 MHz bandwidth

4 stripline kicker per plane

10°

107k

102

Designed by WP2.14
Reliably on every single bunch
Decay time of the EM field < 2ns

%\\

Frequency of

the-fastest mode

r=17 mm, L=30 cm, ©=180"

VAN

500

Frequency [MHz]

1000
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IBIC2023 proceeding for details (MOP039)

First measurements at PETRA I , | | | | |

Using Zynq UltraScale+ RFSoC ZCU208 Evaluation Kit o
o
* Analog electronics analytically modelled to have % op-o-0-0-0-6-6g S-6-0-0600006669
SNR 70 dB £
-0.5 .
« Digitizer on evaluation board experimentally tested
both in the laboratory setup and at PETRA Il 1, , ) ; . . 6
: : : _— Time [ns]
*  Dominant noise source is the digitizer front-end Figure 3: Digitized bunch pulse at PETRA III with the
noise limiting the resolution sampling rate of 5 GSPS.
* Project requirements (SNR > 60dB) are fulfilled 70 : . r : r . :
* SNR can be improved by ADC parallelization and pulse HGB i SNR ~ 66‘?' B B |
multiplication to more than 70 dB Te6 Pu_ = = e /l\,.a\j/a.f;\,é “‘_'»Hf_“a_x’_v =\
i % 64 kb Y |
62 | -
60 : : . : ' : 4
5 10 15 20 25 30 35 40
Bunch index in the bunch train
Figure 4: SNR of the RFSoC based T-MBEB detector eval-
| uated at PETRA III in the timing mode with 40 bunches.
i L L e Cf  SEER - Expected SNR PIV ~63dB
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PETRA IV MBFB diagnostics / active control  |["=—

= hor
- Vel

Bunch by bunch diagnostics _ _ ="
~ Amplitude (magnitude)

Measurement of beam transfer function

« Transverse (betatron) oscillations

* Noise holes / dip with medium resolution close to noise floor
under feedback control with relatively large feedback gain

« o(8)/8 =~ 1% (typical Plll deviation)

* Tune sweep with NCO* of 1 bunch - high resolution : ° 2 " o 0 °
» Open loop - Beam transfer function a5t , , R
+ Closed loop = Combination of feedback damping and 20 . ;’“\ / N, -
NCO excitation 1.l Magnitude 4 | J_f’ “‘,“ ]
3 T o f L 1
« Longitudinal (synchrotron) oscillations — A “Mw ]
0.5 e RNy

« Bunch by bunch phase variations - should not occur at PIV _
* Tune sweep with NCO - DEELS2018/DEELS2019 by

Michael Abbott (DLS-MBF)

e If so, send this information to BLs or LLRF ,

ety
Phase
4 s

150 /o i

T
W \NwVJIIJJV'\"%‘[J""JV‘W)“I’MrW@

Additional diagnostics

* Relative charge and absolute bunch position

100 e iy -
e e

so .

Response Phase in degrees

1 1 1 1 1 I I I I
o 0.25 0.255 0.26 0.265 0.27 0.275 0.28 0.285 0.29 0.295 0.3
e Sweep frequency (cycles per machine revolution)
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How to preserve
low emittance

eurizon

PETRA IV MBFB diagnostics / active control

under EB control? Deliverable no. |4.17
Bunch by bunch feedback
Colored noise excitation
» Active transverse feedback for multi-bunch instabilities with Vertical beam centroid
. . . . 2 1
only slight inflation of the emittance "!?@@ § of M
« Simulation required - beam physics and feedback group \ = : . . . .
. . . . A/ E Amp = 15 nrad r20
 Simulation of active emittance control for EURIZON B N
g = Amp = 5 nrad
* Blow up to 20pm.rad doable, BUT larger (10%) mean orbit variations £ il amadi 10
depending on excitation signal for nominal beam size of 11.8um g % &
» For vertical emittance target of 10pm.rad, it drops to 4% of the beam T0 w0 o0 Teo'oo 3000 10000 12000
size - barely acceptable value for orbital distortion
. .- Vertical beam centroid
« Cleaning of parasitic bunches 5] T ecmaion Excitation]
£
Betatron as | = °] m
Growth-/damp rate measurements excitation i . e
— frequency | E| i e
%‘ = Amp = 150 nrad : - 30
g | = Amp =100 nrad :
« Event/user based data recording for post mortem analysis ] Amp:m'":fww %
= i N+ 10
6 25|00 50‘00 75I00 10600 12500 15(')00 17500 20600
Turns

DESY | .LFAST Workshop 2024 on Bunch-by-Bunch Feedback Systems and Related Beam Dynamics | 3-6 March 2024 | Sven Pfeiffer Simulations by C.Cortes Page 17



Summary PETRA IV

« PETRAIIl hardware status and upgrade planning for MBFB system
* MicroTCA.4 based system under design with RFSoC as main processing unit

« Collection of specifications of new board (DAMC-DS5014DR) for various applications

» Chip proposed: XCZU47DR-1FFVG1517E with 8 ADCs (14-bit 5GSPS) and 8 DACs (14-bit 10GSPS)
* Project owner at DESY - Behzad Boghrati (behzad.boghrati@desy.de)

« Recommended 2 step (foreground/background) ADC calibration mechanism

- Need to be clarified if needed, and know how to implement the short-circuit for the inputs

- Recommendations / suggestions welcome

« MBFB diagnostics and communication to other subsystems

« MBFB with active feedback control while preserving the low emittance

« Simulations required at DESY

» Suggestions from community welcome
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Summary PETRA IV

« PETRAIIl hardware status and upgrade planning for MBFB system
* MicroTCA.4 based system under design with RFSoC as main processing unit

« Collection of specifications of new board (DAMC-DS5014DR) for various applications

» Chip proposed: XCZU47DR-1FFVG1517E with 8 ADCs (14-bit 5GSPS) and 8 DACs (14-bit 10GSPS)
* Project owner at DESY - Behzad Boghrati (behzad.boghrati@desy.de)

« Recommended 2 step (foreground/background) ADC calibration mechanism
- Need to be clarified if needed, and know how to implement the short-circuit for the inputs

- Recommendations / suggestions welcome
« MBFB diagnostics and communication to other subsystems Th
« MBFB with active feedback control while preserving the low emittance an k yo
« Simulations required at DESY u

» Suggestions from community welcome
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