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Longitudinal un-bunched beam

Current due to a single particle i:
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Average integrated power per band is independent of harmonic n:
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Transverse un-bunched beam (1/2)

Dipole moment due to a single particle i:
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longitudinal motion transverse betatron motion

Dipole moment for one particle at harmonic n:
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Total power per band is independent of harmonic n:
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Transverse un-bunched beam (2/2)

Zewya;
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Longitudinal bunched beam
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Transverse bunched beam

Dipole moment due to a single particle i - J§
pole moment due to a single particle i: 20 2, 072 2(a®)N,yy
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Just like for a coasting beam, the total power

per band is independent of the revolution
harmonic and ~(a?) and ~intensity
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“Fitting” spectra example — LHC




RT analysis in LHC

Analog down-mixing (4.8GHz — 11.2kHz)
Sampling freq =4 X F,,, ~ 44.8kHz

FFT with 65536 samples — 1.5s

PSD continuously averaged over ~ 1min

RT calculations:
Betatron tune
Chromaticity
Synchrotron tune
Emittance (relative)
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"Fitting” spectra example (LHC) — betatron tune

° LHC.BQSH.B1 Analyss
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“Fitting” spectra example (LHC) — betatron tune results
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“Fitting” spectra example (LHC) — chromaticity

LHC.BOSH.B1 Analyss
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“Fitting” spectra example (LHC) — chromaticity, another method

LHC BOSH.B1 Analysis
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“Fitting” spectra example (LHC) — chromaticity results
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“Fitting” spectra example (LHC) — chromaticity results

Comparison of previous 1
method with a fitting method: *°| | |
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“Fitting” spectra example (LHC) — chromaticity results

« Similar MD had already been performed in 2016
« Similar conclusions
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Chromaticity error analysis

0f = m (&f+ —Af-) o (A%—ﬁqn)
"\ Af, + AL "\ Aqs ¥ Aq_

2 2
(@9 = | 32| @ (dan+ [ Gad| @ ag)

Typical LHC case: Af, = 2.4kHz, Af_ = 2kHz and Q¢ = 10

* 1% error in the estimation of Af, and Af_ gives €(Q¢) = 1

» 5% error in the estimation of Af, and Af_ gives e(Q¢) =5




“Fitting” spectra example (LHC) — emittance results
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“Fitting” spectra example (LHC) — synchrotron tune

LHC.BOSH.BZ Analysis
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“Fitting” spectra example (LHC) — sync freq results
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LHC spectrum at 6.5TeV

LHCBOEH.BL dradys LHC. BOSH. EQ tmahysis
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« SNR ~7dB lower

« Movable pick-up!
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LEIR — coasting beam cooling performance

EARLY cicle — 1 injection
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Conclusions and outlook

In the light of elementary theory, information
extraction seems simple

In practice it's much more complicated

Still to be understood why, in the case of the LHC,
absolute chromaticity values are not as expected

Movable pick-up desirable for increase of SNR
(certainly in the LHC) and eventual calibration of
emittance measurements
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Conclusions and outlook

Why do sync satellites disappear

Typical longitudinal spectrum suggests non-
monotonic dp/p distribution
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Example longitudinal spec - LHC (bunched)

« dp/p dist
sa 4 ¢ Sync tune
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Example transverse spec - LHC (bunched)
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RT analysis in LHC — lons

L
- 01:13:51, Gate: 8-14 En.: 450.0 GeV, B.Int,: 1.395e+10, B.Len: 1.670 ns
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Fixed LO

RT tracking of longitudinal and
transverse sidebands
Moveable cavity permits
calibration of emittance
measurement

RRIC

A

Calculated
width

MNoise floor

Recovered peaks

25

50 f[KHz 5

(Sukhanov, ICALEPCS 2017)
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Longitudinal un-bunched beam

Current due to a single particle |

[i(0) = 522 8[(wo + Bt + 9] = 2+ 22252 cos[n(wo + Aw)t + ng)]
Total current at frequency n(wy + Aw) :
N(Aw)
Zewy «
In(wo+aw) (£) = z cos[n(wy + Aw)t + ne;] where Ny = j N(Aw)d(Aw)
0

i=1
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Longitudinal un-bunched beam

RMS current at frequency n(wy + Aw):

N(Aw) (Zewo)z Aw Ap

(h(wo+aw) = — - Ap/p dist —>—=n—

T Wy Po

RMS current per band is independent of harmonic n:
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Transverse un-bunched beam (2/3)

Zewya;
dni(t) = [cos[(nwl qiwy)t + ne; + (pﬁi] + cos[(nwi + q;wo)t + ne; — (pﬁl.]]
Betatron tune
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Transverse un-bunched beam (3/3)

The dp/p distribution is not uniform ... therefore:

Ar |'1'|
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