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Outlook 

• Intensity Increasing in NSLS-II 
• Impedance modeling & Impedance Budget for σs=0.3mm   
• Microwave Instability Measurements in NSLS-II 
• Beam Dynamics Simulations with W||,tot(s) 
• Concluding Remarks  	
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02 Jul. 2014 25 mA with CESR-B SC RF cavity 
11 Jul. 2014 First time at 50mA  
14 Jul. 2014 Shutdown for ID and FE installation 
03 Oct. 2104 Start of ID commissioning 
23 Oct. 2014 First light on beamline flag! 
11 Feb. 2015 Beamline operations begins at 25 mA 
25 Feb. 2015 50 mA with IVU’s magnet gap closed 
11 Mar. 2015 First time at 100 mA 
15 Apr. 2015 First time at 150 mA 
17 Apr. 2015 Beamline operations begins at 50 mA 
23 Apr. 2015 First time at 200 mA 
Jul. 2015 Beamline operations begins at 150 mA 
28 Jul. 2015 First time at 300 mA 
Oct. 2015 Start operation with Top Off at 150 mA 
04 Jan. 2016 Start operation with 2nd RF cavity 
29 Jan. 2016 Beamline operations begins at 175 mA 

NSLS-II Beam Intensity Increasing 
16 Feb. 2016 First time at 350 mA 
17 Feb. 2016 Beamline operations begins at 200 mA 
14 Apr. 2016 Beamline operations begins at 250 mA 
18 Apr. 2016 First time at 400 mA 
16 Feb. 2017 Beamline operations begins at 275 mA 
05 Apr. 2017 Beamline operations begins at 300 mA 
20 Jul. 2017 Beamline operations begins at 325 mA 
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Energy, 3 
Revolution period, 2.6 
Momentum compaction, 3.7 x 10-4 
Energy loss, 287 (BM) 

674 (BM + 3DW’s) 
RF voltage, 3.4 
Synchrotron tune,  9.2 x 10-3 (BM + 3DW’s) 
Damping time, 54, 27 (w/o DWs) 

23, 11.5 (with 3DWs) 
Energy spread, 5 x 10-4 (BM) 

8.7 x 10-4 (BM + 3DW’s) 
Bunch duration, 2.5 (w/o DWs) 

4.3 (with 3DWs) 
Ignoring bunch lengthening 

NSLS-II Parameters 

●  Two 500MHz SC RF cavities presently installed in NSLS-II 
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Software and Analytical Approach  
●  Several 2D & 3D electrodynamics codes available for time domain and 

frequency domain numerical simulations, GdfidL, CST, HFSS, ECHO, 
URMEL, Vorpal, ACE3P, ABCI, Poisson/Superfish, … . 

●  The code choice for the time domain simulations: parallel computing, 
complexity of the geometries and bunch length considered for calculations, 
cross-checking with analytical results at least for simplified geometries.    

●  Impedance model, longitudinal and transverse, needs to be calculated for a 
bunch length much shorter than the length of the circulated bunch, 
stabilizing effect of positive chromaticity and microwave instability 
thresholds analysis.   

●  Simulations of 3D geometries for short bunch length will require to increase 
the computer power resources (mesh size decreasing) or to have the code 
with dispersion free algorithms, window moving mesh algorithm or standard 
algorithm.  

●  Most of 3D electrodynamics codes are commercial.   
●  Analytical Approach – for simplified geometries.  
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Computer Cluster Resources 
First NSLS-II Accelerator Physics 

Cluster Generation 

●  Upgraded from Sep. 2006 to 2011 
●  336 Cores & 1334GB Total Memory (RAM) 

Second NSLS-II Accelerator Physics 
Cluster Generation 

Supported by:  
 

2007 
S. Ozaki  

S. Krinsky 
 

2009 
F. Willeke 
S. Krinsky 

Supported by: T. Shaftan / V. Smaluk (2016) 

●  Intel(R) Xeon(R) CPU E5-2699 v4 @ 2.20GHz 
●  264 Cores & 3102GB Total Memory (RAM) 

●  Computer cluster is necessary for numerical simulations of the Impedance Budget  
●  3D electrodynamics parallel computing codes require significant computer resources 

for simulations with bunch length,        
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Impedance Modeling Diagram 

Excel Excel Mathematica 

3D GdfidL 

Analytical 

MatLab SPACE 

ELEGANT 

Vacuum Apertures 
Lattice 

Software for W(s) & 
Z(w) Simulations  

Data Post-Processing 
& Preparation 

Impedance Budget 

Results Crosschecking, 
Numerical vs Analytical   

Vlasov-Fokker-Planck (VFP) 
Particle Tracking Simulations 

Analytical 

Instability Thresholds 
& Collective Effects 

2D ECHO 

W. Bruns, http://www.gdfidl.de  
I. Zagorodnov and T. Weiland, Phys. Rev. ST Accel. Beams 8, 042001 (2005)  
I. Zagorodnov, Phys. Rev. ST Accel. Beams 9, 102002 (2006).  
M. Borland, “elegant: A Flexible SDDS-Compliant Code for Accelerator Simulation,” Argonne National Laboratory, ANL/APS/LS-287, 2000 
 G. Bassi, A. Blednykh, and V. Smaluk, Phys. Rev. Ac-cel. Beams, vol. 19, p. 024401, 2016  
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Impedance/Vacuum Apertures Lattice  
•  At the beginning of the project the vacuum 

apertures lattice is unknown. 
•  Impedance analysis begins for a preliminary 

geometry some of the components. 
•  It can take several iterations on impedance 

optimization until the design will be finalized.  
•  Communication with RF, Diagnostic, Vacuum, 

Engineering, Mechanical groups is very 
important. 

•  Microsoft Excel is used to keep track on 
changes in the vacuum apertures lattice. 

•  As the final, the apertures in the arcs of the 
storage ring are fixed, but in the straight 
sections they will be updated based on ID’s 
installation. 

•  Vacuum apertures lattice should be flexible 
and convenient for changes. 

•  Conductivity, radius and length from the 
Microsoft Excel Spreadsheet are used as the 
input parameters for the rw wakefield 
simulations in Mathematica script.   Microsoft Excel Spreadsheet  	
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Resistive Wall Wakefield Simulations 

• Impedance	Modeling	

Resis/ve	Wall	

Mathematica Script 	

●  The rw wakefield is generated in Mathematica 
using the analytical approach developed by    
K. Bane & M. Sands or A. Piwinski.  

K. Bane & M. Sands, SLAC-PUB-95-7074 
A. Piwinski, DESY Report 72/72, 1972 
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Geometric Impedance 
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Z||(k) = g||
2Zch,||[sin

2 (kL)+ j sin(kL)cos(kL)]
●  Longitudinal Impedance 

●  Transverse Impedance 
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b=25.2mm,	t=2mm,	90o,	
d=39.69mm,	L=310mm	

A. Blednykh, W. Cheng, S. Krinsky, “Stripline Beam Impedance” NAPAC13 
D.A. Goldberg and G.R. Lambertson, “Dynamic Devices: A Primer on Pickups and Kickers,” LBL-31664, 1991 

Zch and g can be found analytically or numerically with 2D POISSON Code 

Stripline Kicker 
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Table: List of the NSLS-II vacuum components  Longitudinal W|| for σs=0.3mm 
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Microwave Instability Measurements in NSLS-II 
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 VRF =3.0MV●  Horizontal beam size σx vs sb current I0 measured at 

different RF voltages VRF for Bare lattice & 3DW lattice   
●  Different diagnostic methods: SLM, IVU spectrum at 

5th & 7th harmonics, Beam spectra. 
●  Non-Uniform Intensity related waveform beam pattern 

Horizontal beam size measurements from SLM 
camera vs single bunch current for 3DW lattice 

maximum in σx 	

A. Blednykh, B. Bacha, G. Bassi, O. Chubar,  M. Rakitin, V. Smaluk, M. Zhernenkov, Proceedings of 
IPAC2017, Copenhagen, Denmark  

3DW Lattice 
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Summary of microwave beam pattern at different VRF    
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3DW lattice and all other ID’s gap open (Aug. 28, 2016). Measurements of the 
horizontal beam size vs. single bunch current at different RF voltages using SLM 
Camera. The error bars has been omitted on this plot for better data representing.  
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Microwave Beam Pattern and Beam Spectra 
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Beam spectra measurements with 
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Beam Dynamics Simulations with W||,tot(s)  

Sketch of the flanges joint with 
assembled RF contact spring  

Partial view of the RF 
contact spring installed in 
the trapezoidal groove  

SPACE code simulations for the 3DW lattice at VRF=3.4MV  
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 h2=3.2&h2=2.6, g=1.0&g=0.9
 h2=3.2&h2=2.7, g=1.0&g=1.0

A. Blednykh, B. Bacha, G. Bassi, W. Cheng, O. Chubar,  M. Rakitin, V. Smaluk, M. Zhernenkov, Y. Chen-Wiegart and L. Wiegart, NSLS-II TechNote – 239, 2017 

Bunch lengthening as a function of sb current  Horizontal beam size vs sb current  
●  Beam dynamics simulations reproduce microwave beam pattern    
●  Discrepancy in bunch lengthening simulations needs to be understood    
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Concluding Remarks  
• Impedance modeling approach has been discussed. 
• Microwave instability thresholds estimated numerically 

using the calculated impedance/wakefield and compared 
with measured SLM camera data. The results are in 
reasonable agreement. 

• Discrepancy in bunch lengthening simulations is under 
investigation. Low frequency contribution?  

• Analysis of beam spectra in progress. 
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Back - Up 
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Microwave Instability Measurements in NSLS-II 
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Low – Frequency Quadrupole Impedance 
Of Undulators and Wigglers   
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Vacuum Components 
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Diagnostic Straight Section (Cell16) 
Bunch-by-Bunch	Transverse	Feedback	System		 Tune	Measurements	System	
Le=310mm,	d=39.63mm,	LT=300mm	
Lp=450mm,	b=25.2mm	
φ=90	
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Odd Cell & Straight Section 


