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Outline

* Phase 1 (25mA | PETRA-IlIl) and Phase 2
(50mA / CESR-B) Commissioning w/o ID’s

* Local Beam Impedance Measurements
* First Collective Effects and Beam Impedance

Measurements
* Summary
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NSLS-Il Parameters

NSLS-Il Machine Concept

<+ Superconducting RF
<+ Top-Off Operation
<+ DBAS3O0 Lattice
<+ Ultra-Low Emittance (<1 nm)
<+ Damping Wigglers
<+ Large Dipole Bend Radius (25 m)
<+ Provision for IR Source
<+ Three-pole wiggler x-ray sources
Energy 3.0 GeV Energy Spread 0.094%
Circumference 792 m RF Frequency 500 MHz
Number of Periods 30DBA Harmonic Number 1320
Length Long Straights 6.6 & 9.3m RF Bucket Height 3%
Emittance (h,v) <1nm, 0.008nm RMS Bunch Length 15ps
Momentum Compaction .00037 Average Current 500mA
Dipole Bend Radius 25m Current per Bunch 0.5mA
Energy Loss per Turn <2MeV Charge per Bunch 1.2nC
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RF Straight Section (PETRA-III, Cell24)
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Longitudinal Coupled-Bunch Instability

e Measured CB Instability driven by PETRA-Il HOM’s e Calculated PETRA-III Higher-Oder Longitudinal Modes

Frequency | Bunch | Average Cavity Shunt Impedance, | Frequency, | Quality Factor,
MHz Mode | Current | Temperature Rgp f, MHz Q,
mA ¢ 0.6 1374 36000
1374 991 10 38.4 3 798 33600
728 603 11.64 39.2
e Growth rates for 1320 buQches uniformly filling the ring:
1 Iy —(pMwo+puwo+wg)*o
a = — 471201/5 pZoo(pro + pwg + wg)e~ PMwotuwotes)? 2ReZ”(pMa)O + pwo + wy)
Worst Case Scenario Matching To Measured Growth Time
Frequency Setto: f, = 1374.5 MHz Frequency Setto: f,, = 727.964 MHz
ReZ“(ZMa)O + 991a)0 + ws) = Rep ) = 0.6M0Q Growth Time: Tgr = 6.7 ms
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NEG Coated DW Chamber (Cell 8)
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FaSt Corr. 1 .36 ) ) V. Kiselev and V. Smaluk, “Measurement of Local Impedance by an Orbit Bump Method”, NIMA 525 (2004), 433-438.
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Fast Corr. 1.36 : - |

20 40 50 80 100 120 140 160 180
BP

ﬁtraight Section (Cell08): kyr = 170 VIpC/m ¢ Rings 2014 Workshop " DITUURNAVEN

NATIONAL LABORATORY

ENEKUY | Science 6 BROOKHAVEN SCIENCE ASSOCIATES



Odd Cell (Standard Arc)
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Transverse Mode Coupling Instability

e Average Transverse Coherent Tune ~ N S J

Shift (Vanishing Chromaticity)
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kBBR = R (ko5 > 1) a::j‘k = 425 V/C/m
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20 ID’s with 2.5mm radius
Bunch Length, o,=3mm 70m of Cu & B, = 3m

e Resistive Wall (Normal Conducting) Bunch Charge, ~Ne = 1.25nC |, B, = 49KV /pC
Energy, E = 3GeV ey
cZy2s9L |Sg I;, = 1.8mA per bunch
kT = 0.58 —
S

— Synchrotron Tune, v = 0.009

4
am b TMCI Threshold, k.8, < 180 kV /pC
S. = (2b 2 |7 o )1/ 8 A. Blednykh et al., “Transverse Impedance Of Small-Gap ..., ERAC06
0 0% cond S. Krinsky, “ Simulation of Transverse Instabilities ..., BNL-75019-2005-IR,
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Phase 1, Vertical Plane (Vanishing Chrom.)
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Resistive Wall Evaluation (o ;=3mm)

Length, > Kioss: Xk, X k,B,,
mm VipC kV/pC/m kVIpC
Long Straight Sections =~ 129839.18 2.2 (3.3) 0.52 (1.2) 3 (6.7)
Short Straight Sections 89256.6 1.3 0.15 1.1
Even Arcs 286465.76 3.5 0.41 7.1
Odd Arcs 286381.14 3.5 04 7.2

Total: 7919427  10.5(11.6) 1.48(2.15)  18.4(22.1)

e |oss Factor e Kick Factor
CZO L (S())S/Z CZO ZSOL SO

kipss = 1.2 —

At 21th? \ o

NSLS-Il Circumference: 791.9589 m
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Vertical Plane (Positive Chromaticity)
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Horizontal Plane (Single Bunch)
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Phase 2, Achieved a Stored Current of 50 mA

e Screenshot of the CSS Panels (BLW CO08, C1-8 & Septum)
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Summary

* NSLS-Il storage ring commissioning continue
* Phase 3, ID’s commissioning in under way

* Repeat local impedance measurements with modified
local bump model for 4 straight sections occupied with
NEG coated chambers, 3DW’s and 1 EPU, and for

several variable-gap IVU’s

* Orbit Response Matrix Fit Method for Local Transverse
Impedance Measurements is going to be applied

* Single bunch (0.5 mA) and average current (500 mA)
goals are achievable
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RF Spring — Aperture Limitation

* Phase 1 (Cell10) * After Phase 1, 25mA (Ce

Il8)

' s

Difficulties in Orbit Correction The fan burned through the spring

The assembly method needs to revised !
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Commissioning Phase 1:
Longitudinal Coupled-Bunch Instability Analysis

* Observed longitudinal instability in multi-bunch mode (~1000 bunches) by HOM with frequency
fr = 728MHz (bunch mode 603) with growth time 7,4, = 6.7ms, much smaller than the longitudinal
radiation dampina time 7. = 27ms. at an averaae current In = 11.64mA.

a) Osc. Envelopes in Time Domain

b) Evolution of Modes

s

w Y
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Transverse Coupled-Bunch Stability Analysis (I,,=25mA)

Analysis performed prior to the

Transversely unstable at ze?g C rTr](l)sr'ﬁc'la Péﬂ9 (6=0): growth time 7,4, = 0.74ms < 1, = 54ms

Cure: 1) Run at positive chromaticity to provide damping via slow head tail effect
2) Frequency shift (AQ) of HOM’s

IMc &

1
—=Im(Q, —w,)=- ReZ (pMa, + +m,).
. ( p a)ﬂ) 47(E, o), pzz_:w L (PMay, + pa, a)ﬂ)
Fastest growing mode y=74 Tgr VS. AQ at& =0 Slow head-tail effect:
1::: [ ‘ ' ' T u7e e 7 a0 ' ‘ e 15 damp‘ing at E‘,:zmmﬁriciq:z__ii:m: —
P L
i oI w |
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Phase 2, Vertical ThbT Data (+2/+2, V=1.2MV)
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