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Outline

* Schottky installations at RHIC

~ For routine operations:
High Frequency Schottky (2.0 GHz, Q ~5000).
Low Frequency Schottky (245 MHz, Q ~100).

~ Schottky pickups for stochastic cooling.
* Signal treatment.

* Extraction of beam parameters.
* Absolute calibration of beam size measurement.
* Analysis:
- Fit-less.
- Handling of changing RF during ramp.
* Results
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Schottky Cavities at RHIC

Schottky detector systems:
SC: Stochastic cooling
LF: Low Frequency
HF: High Frequency
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LF Schottky at RHIC

Provides measurable signals for broad range of beam conditions.

Routine measurements: Main usage at RHIC:

* Tune. * When dp/p is large, l.e.
* Beam size/emittance. low energy ion runs.
* Reference for other
systems.
Advantage: Disadvantage:
* No downmixing. * Low signal/noise
* Narrow sidebands. * Long acquisition time

* Fast filling time.

Stub-tuned ¥ wave resonator

* Frequency ~240 MHz (8.5xRF)
e Q~100

 Movable
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LF Schottky Signal Treatment
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High Frequency Schottky

Provides high guality signals for routine measurements.

HF Schottky cavity [1]

........
o

Q = 4700

Needle probes for: "/
* Transverse modes Y.
TM210 and TM120 at ~ 2.0 GHz | o

e Longitudinal mode: Schottky | -
y installed on a moving platform at
TM111 2.7 GHz RHIC beamline.
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HF Schottky, Slgnal Treatment
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Longitudinal spectrum after mixing

T L frev Lo1 Beam parameters at store:

| } } } } RF = 28 MHz
\ \ T \ \ |, frev = RF/360 = 78 KHz
| Frequency

Power

LO1 is set to (h + 0.25)*frev for

! ~|  max peak separation

frev

w -Record-e-d--peak-i-s--at .....
h * frev = 2742 MHz

MO | S S ————
h = 35070

Downmixing with LO1
complicates arrangement
of peaks.

Span 25600 Hz




Beam Parameters from Schottky

Coherent peak
hf =2.067 GHz ' _
80F - The fractional part q of the tune
_ U= (h-g)f f, = (h+q)fy s recovered from the positions of
S botatron ggfaet:on betatron peaks: f.—f
g-ss /peak peak q_ 2f
8 -90 | 0 /
Z w revomuon . A
o R Momentum spread: 9P _ fo
50  f[KHz] 75 p hf,m
" The chromaticity ¢ is determined from the width Af —Af
asymmetry of the betatron peaks [3] E_T}( - . )
_ Here the n is a phase-slip factor of the accelerator. Af +Af,
" The RMS of the beam size o, determined from the - 1.5.9. o
power of the betatron peaks [3,4]. P+—P-—§f0 Q No
N is the number of particles, Q is particle charge.
~ Transverse emittance &: 52 |
- Where B is value of beta function at cavity position G_F
For more details see [2,3]
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Absolute Calibration of the Beam Size

Ratio of powers in revolution P, 6 . , . , . , . , .
and betatron lines P+1P as a | | — EH: ﬁ:=u.u:J||-|.?:;_|=:'~.-I-rr1.1 DE=0LI906T8 | 3 =078 i
function of cavity position X: 5L BV: & =1.10974 | X =1.91534 D'§=0.00084 3 =158 |
' s | |— vH os102756 X 0682234 | DE =0.508245 L =0.59 |
P 0 1 5 5 <9 EJ Ll YV o =0760551, X =-0.0902329, D6 =0.0040676, 3 =0.35 |
=—[X+D"d’] 3
P++P_ G —:.f- ) T
62 <(Ek_E0)> 3 BH _
— 2 2 3 i
(B“E,) :
Where D is lattice momentum dispersion ol 1
B =vlc, B}
E, - energy of the particle on the reference .
trajectory E : J'r : fl, : ot
Ek IS Slngle parthle energy Detector position {mmj

RMS of the beam size:
« FitPy/(P,+P)=a**+b
* Beam RMS: ¢ = sqrt(1/a)

Beam Emittance = o/p-function

For more details see reference [3]
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Transverse Schottky Signals at Top Energy
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 Peak width
 Peak area
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Y Required estimations:
75 * Peak position No need for |

50 KHz 75

25
Gold beam 100 GeV, N ~1el1l1, Q = 79.

Signal/Noise in ion runs is 50 higher
than in proton runs.

Coherent spike: No definitive
explanation has yet been found. It
needs to be removed from analysis.
Peak shapes are not gaussian.
Noise is not gaussian.

curve fitting
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Spectra During Injection and Ramp

f = (h+1-g)f,

-100

+
-40 | — (h+q)f (h l)fO
E‘fﬁﬂ
é U\ M Options to deal with the changing RF:
00-—80
100 | . . 1. Use RF-locked LOL1.
50 flkHzl 75 100 RF harmonic = 71
Injection :
2.Use RF instead of LOZH Easiest to
o0 f hf _implement
80 ° 3.Frequency modulated LO1.
B (1) -
€, \u v"‘WJ 4. Software-adjusted LO1.
KHZ

5.0nline analysis using predicted
Ramp position of f,, f, £, *

 Most precise at top energy. |
Implemented.
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* Analysis is done in
linear scale, it is less
sensitive to noise.

* Spike removal: replace
spike with parabolic
approximation of the
adjacent Schottky
signal.

* The peak widh:

= Analysis

Calculated
width

Noise floor

Recovered peaks\ﬂ
id

50 f[KHz] 75

- Find the left and right edges of the peak using the crossing points of the filtered

data at a half-amplitude level in log scale.

- The peak width is the difference between the edges.
* The peak position is the arithmetic average of edge positions.
* The peak power is the sum of the peak points above the noise floor (pink line

above the noise floor on next slide).

Calculate the beam parameters according to equations on slide 8.
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Results
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Emittance Measurement

0.6

Sun 12:00 Sun 18:00 Mon 00:00 Mon 06:00

Emittance (blue vertical) measurement for Ru-Ru
run, 200 GeV, N = 1ell.

The schottky measurements (black ponts) are
consistent with IPM measurements (blue triangles).
The scaling mismatch is due to uncertainty in beta

function.
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Spectrum of Longitudinal Schottky
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The theory of the fine structure can
be found in the paper:
M. Blaskiewicz at al [4].

Analysis.

 Full spectra are recorded,
providing spectrogram plots.

* Analysis of the fine structure
IS work Iin progress.




Summary

* Schottky systems are continuously operational at RHIC:

(1) Narrow band: (HF Schottky, 2.0 GHz, Q=5000)
(2) Medium band: (LF Schottky, 245 MHz, Q=100)

* Routine measurement of beam tune, chromaticity and
emittance provided.

* Developed analysis of transverse Schottky works
reliably at injection, ramp, and full energy.

R luti Parameter Injection Ramp  Flat Top
eso uEIOHdS. Tune 0.1% 0.4%  <0.1%
Using on-boar Chromaticity 2% N/A 10%
averaging for Betatron power Inconsistent with IPM 2%
: 0

128 frames (~2S)  goam size.

Emittance

dp/p, revolution peak  N/A N/A 2%

dp/p, betatron peak >20% 10% 2%

* Near term plan: try RF-locked downmixing to get quality
of tune and chrom at ramp comparable with BBQ.
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Backup slides
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BV emittance, HFs (red) IPM (blue)
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YV emittance, HFs (red) IPM (green)
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DP/P and PwrPb
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HF Cavity Parameters

I I I I I
Table 1: Cavity parameters. 0fp——t———] nz{‘sllgf{ge“"'!"TI\-In:mode
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wrd | |
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