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Abstract
The measurement of beam emittances by extracting the quadrupole mode signal from a 4 plate beam position monitor (BPM) was 
published at least 40 years ago. Unfortunately, in practice, this method suffers from poor signal to noise ratio and requires a lot of tuning 
to extract out the emittances. In this paper, an improved method where multiple BPMs are used together with better mathematical 
analysis is described. The BPM derived emittances are then compared with those measured by the Ion Profile Monitor (IPM). 
Surprisingly, the BPM measured emittances behave very well and are more realistic than those measured by the IPM.
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Simply inverting the above with 
the raw BPM data will give garbage 
emittances.
BPM data will have to be 
manipulated:

Use BPM pairs (L01, S01), (L02, 
S02) …, (L24, S24) to calculate 
emittances.

We have improved the extraction of emittance from the BPM quadrupole mode by 
using multiple BPMs and with better data analysis. The compromise is that we do not 
measure absolute emittance but the emittance growth w.r.t. some reference. We 
have found that the emittance growth extracted from the BPM quadrupole mode 
looks more sensible than those measured by the IPMs. As part of making this method 
easy to use and without any expert tuning, we have written a python GUI to interact 
with the user and a C++ program backend that can calculate Booster's emittance 
from real time BPM data. If this method proves to be as robust as we believe it to be, 
it opens up the ability of measuring emittances in nearly all rings that have 4 plate 
BPMs.

Conclusion

Systematic error removal
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Systematic error of emittances calculated from each 
BPM pair are reproducible. Therefore, can remove by 
taking difference w.r.t. reference emittance at 6 turns, 
for example.
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BPM19 Δϵx measured w.r.t. 6 turns

10

12

15

17

5 10 15 20 25

-15

-10

-5

0

5

10

15

Time (ms)

Δ
ϵx

(π
m
m
m
ra
d)

BPM20 Δϵx measured w.r.t. 6 turns

10

12

15

17

5 10 15 20 25

-5

0

5

10

Time (ms)

Δ
ϵx

(π
m
m
m
ra
d)

BPM21 Δϵx measured w.r.t. 6 turns

10

12

15

17

5 10 15 20 25

-6

-4

-2

0

2

4

6

8

Time (ms)

Δ
ϵy

(π
m
m
m
ra
d)

BPM19 Δϵy measured w.r.t. 6 turns
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Difference after taking 6 turns reference

Stare long enough and there are common features. 
Therefore, average over all BPM pairs.

Compare with IPM
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IPM Δϵx emittance w.r.t 6 turns (11 Jul 2023)
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BPM Δϵx emittance w.r.t. 6 turns (25 Mar 2024)

Vert IPM emittance size and growth is 
unrealistic. BPM emittance size and 
growth is more realistic.

Horz IPM emttance is too large. BPM 
emittance has same oscillatory 
feature after transition.
Note: sectors 5, 14 & 22 have bad 
BPMs and were ignored.
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