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Outlook

* Average Current of 400mA Achieved (500mA goal)
* Longitudinal Instability Thresholds Measurements

* Numerical Simulations of the Instability Thresholds
for NSLS-Il and APS.

* Summary
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NSLS-Il Beam Intensity Increasing

02 Jul. 2014 | 25 mA with CESR-B SC RF cavity 16 Feb. 2016 | First time at 350 mA
11 Jul. 2014 | First time at 50mA 17 Feb. 2016 | Beamline operations begins at 200 mA
14 Jul. 2014 | Shutdown for ID and FE installation 14 Apr. 2016 | Beamline operations begins at 250 mA
03 Oct. 2104 | Start of ID commissioning 18 Apr. 2016 | First time at 400 mA
23 Oct. 2014 | First light on beamline flag! B ' Storage Ring
& NaTIONRE ) Operating Status
11 Feb. 2015 | Beamline operations begins at 25 mA
Beam Current 400.2 mA

25 Feb. 2015 | 50 mA with IVU’s magnet gap closed i 0.00Hrs | Shutters

. . Lifetime from BPM 5.73 Hrs RN
11 Mar. 2015 | First time at 100 mA e 732008 man
15 Apr. 2015 | First time at 150 mA

_

17 Apr. 2015 | Beamline operations beginsat 50 mA | = L] el ml s 2 o | el 8]
23 Apr. 2015 | First fime at 200 mA = 0t g pryony
Jul. 2015 Beamline operations begins at 150 mA :, \HHHH\H\HHH\H\HHHHHHHHHHHHHHH\H\H\NHH\H\H\H\H\HHHNHH\H\H\H\HHHH\HHHHHHH\H\\HHHHHHHHHHHHH\HHH\HHHH
28 Jul. 2015 | First ime at 300 mA o FECDIY e
Oct. 2015 Start operation with Top Off at 150 mA
04 Jan. 2016 | Start operation with 2" RF cavity
29 Jan. 2016 | Beamline operations begins at 175 mA |  »
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NOLO-Il Parameters 1or the Collective ErTects

Characterization
Energy, E,(GeV) 3
Revolution period, Ty (us) 2.6
Momentum compaction, a 3.7 x10*
Energy loss, U(keV) 287 (BM)
674 (BM + 3DW'’s)
RF voltage, V(MV) 3.6
Synchrotron tune, Vg 9.48 x 103 (BM + 3DW’s)
Damping time, T,,Ts(ms) 54,27 (w/o DWs)
23, 11.5 (with 3DWs)
Energy spread, Tc0 5x 10 (BM)
8.8 x 10 (BM + 3DW’s)
Bunch duration, os(mm) 2.4 (w/o DWs)
4 (with 3DWs)

Ignoring bunch lengthening
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Longitudinal Instability I'hresholds
Measurements

Synchrotron Light Monitor Beam Spectra
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0 03mA ! 2 3
Ib (mA) E 0 13 - T
Horizontal beam size change vs single bunch current for %
different lattices, Bare Lattice, 1 DW and 3 DW gap closed §
Rad|at|on Spectrum of IVU s
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£ 07 3 ® First Instability Threshold I,j,; ~03
s ook ® Appearance of high f,-harmonics (2f;, 3f;, ...)
2 os— : ]13?3%; Lalmced,; ® There is NO frequency shift of high-harmonics
= o
04 Bl el bossdand *r.m.s beam size measurements for Bare Lattice presented by W. Cheng at IPAC16,
& Current per Bunch ' “Experimental Study of Single Bunch Instabilities at NSLS-II Storage Ring”
The energy spread measurements based on the IVU spectrum
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Horizontal Beam Size Change vs. RF Voltage

3DWs Maqnet Gap Closed (Operation Lattice)
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Synchrotron Light Monitor Camera Measurements Measured Longitudinal Instability Thresholds vs. RF Voltage

*  The microwave instability threshold current at Vg = 3.6MV is I, > 1mA
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Measurements vs. Numerical Simulations

SPACE Code Numencal S|mulat|ons Longitudinal Broad-Band Impedance Model
e T T fr, GHz Rgp ), k02 Q
e = 2 8 ]
0122 98 4.3 SIS
o2 - 1 e High frequency contribution (>30GHz) is missed in a
o 3mm impedance budget
N * Z);tor Modelled by two BBRs (Fitting measured data)
oz |3 e Z)tot IS Updated including high-frequency contribution.
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Numerically Simulated Energy Spread vs. Single Bunch Results Comparison. Measurements vs. Numerical Simulations
Current for Different RF Voltages Dots - Measured results. Lines — Numerical Simulations
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APS Storage Ring

. Numerical Simulations L — e
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manually shifted traces i 16l | ® Measurements
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The simulated data for the longitudinal

instability thresholds vs the RF voltage
2016 North American Particle Accelerator Conference

8

14 )

m A

Energy spread vs single bunch current
measurements at RF voltage 9.4MV

BROOKHFAEN

NATIONAL LABORATORY
BROOKHAVEN SCIENCE ASSOCIATES

Current



Summary

* Multiple longitudinal instability thresholds observed at NSLS-I|

* Preliminary simulations using the simple BBR model show
approximate agreement with the measured data.

* The measured microwave instability threshold is proportional
to the cube of the energy spread I,;,;~a3 as predicted by the
theory.

* The first instability threshold approximately follows

I.,1~1/,/Vrr dependence.

* Higher order thresholds confirmed by simulations for NSLS-II
and APS.

* Further investigations continue
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