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® Need to measure beam emittance in barrier buckets!

~ Key to understanding the longitudinal beam dynamics
—necessary to achieve improvements for higher
luminosity in the ppbar collider

® \\Ve have explored two destructive and two
non-destructive methods for longitudinal emittance
measurements.
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Accelerator Overview
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Choice of Barrier Buckets
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RR Beam Energy 8 GeV
Slip Factorn = =- % -0.0087
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Revolution Period T, 11.126 us

Barrier Pulse Width T, 0.908 us
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Distribution

—-V0

WCM data

T2 >

Penetration of the A

Beam in the Barrier Tl

Half Height | A'f, — (

6%%1 Q,BQEU) 1/2

To |5'?|

guantities

[ emittance in linear region where
Vrf=0 V

[] emittance in barrier pulse
characterized by beam
penetration T,

A = 2T Ept

Measure the AE of the beam and
determine the longitudinal
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< Requires ability to measure the beam intensi
(A.Cadorna et al, WPPEO11)

In the Dalrrier pbuckets

® Fast De-bunching of the Beam
< Turn-off the rf barrier pulse and measure the de-bunching time.

=> Limitations: These are one-time measurements. Hence can be used only for
cross calibration and are not useful in routine operation.
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| | Fast De-bunching | |

Matching Beam Area to Bucket Area |
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to observe the effect of AT~ 50nsec
MI HEP Acceleration Cycles T~ 90msec
on RR stored Beam Ap ~ 1.64MeV
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= Schottky Signal Measurements:

® Measures Schottky spectrum
< high frequency Schottky detector

& spectrum analyzer to measure the frequency spread of the
beam .
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The error in the measured longitudinal emittance = 20%
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The Schottky noise in a Particle Beam (De-bunched Beam): JJE Pt
The time domain response of a single particle with charge e in a storage i@
ring is d—function repeated with a time interval T. Then the current is
given by IR | | | | L
i(t) =ef, ) o(t-nT) f,= revolution frequency a—— t
a— T
The frequency response, i(w), as seen in a spectrum analyzer is,
- i(w) Single Particle_
i(t) = Z i(w)cos(nayt)| for +ve frequencies IEEUEE) [POTET
= 2ef
with i(w)=e f, for n=0, i(w)=2e f, for w=nw, and i(w)=0 everywhere else. ef,
e 0
Thus the frequency response O
= A DC part + successive harmonics corresponding to revolution
frequency. _ Multi-Particle
A single line will be replaced by a band of frequencies () frequency Domain

(Schottky Band) for randomly distributed N particles, each
with slightly different ®;, Then the Aw and Ap are related by,

2P
p

| o | A A A,
where Ap is

the momentum spread of the beam

Aa _ Af
a)O fO
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The Schottky noise in a Particle Beam (Bunched Beam):

The particles in the bunched beam execute synchrotron oscillations at the frequency
Q/21t The time of passage of a particle in front of the detector is modulated according to

t - t+79n(Qt+¢g)| I, Q, @ = Synchrotron amplitude, frequency and phase

The beam current for a single particle in frequency domain will become

i(t) = ef, + 2efoi S 3, (nar) cos(ne, + k)t + k]

Single Particle
frequency Domain

where J, is the Bessel function of order k. Thus,
each revolution frequency line, nf, now splits into an Jo(No,T)
infinite number of synchrotron satellites, spaced by Q/21t

'Jl
Amplitude of Satellite [] Bessel function of the argument | J; ‘ ‘ | | ‘ ‘ L
For Schottky bands with same value of k, but, > =
different n’s are correlated. This leads to coherence Q
However, for LARGEn? | | A f JAN P
o p
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1.5GHz Detector Data
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Simulations suggest that ~2.5% overshoot related baseline oscillations
gives rises to ~20% larger emittance for beam in a barrier bucket
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Measures AE,. ., mdependent of barrier pulse shape

® Use of this device to measure AE_ ., in multiple barrier buckets is
under development at Fermilab

=» Errors in measurements need to be addressed
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