
Beta* and beta-waist 
measurements and knobs

V.Ptitsyn, M.Bai,  A. Della Penna, V.N.Litvinenko,
N.Malitsky, T.Satogata
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Terms hierarchy.  Neglecting terms ~1 leads to linear 
equations (in β* and s*)

Change Q1 gradient -> measure betatron tune change ->
extract quad beta function -> find β* and s* (using measurements
both Q1 quads

β* and s* measurements



Solution for Yellow IR6 horizontal data
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Another technique:
measurement using simultaneous Q1 gradient change
on both side of the IR

Measurement with simultaneous gradient change showed
the shift of the waist position. dKl = +-1e-4 shifts the waist,
according to Todd’s matrix, by ~8cm



Example of IR6  tune changes during Q1
gradient variations for mode and uncoupled tunes



Careful preparation:

decoupling to ~1e-3 level

tune separation >0.01



Example of Yellow  tune changes during Q1 gradient variations

ΔKlmax=1e-4
ΔKl+=-ΔKl-=3e-4



Yellow Blue

IR6
H

IR6
V

IR8
H

IR8
V

IR6
H

IR6
V

IR8
H

IR8
V

β*,m 0.80 0.88 0.85 0.89 0.81 0.73 0.71 0.75

s*,cm -34 -33 2 30 -5 -3 20 5

Data for both rings from individual gradient 
changes. Blue lattice included non-zero tq4 at IR8 
region.
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For BBQ accuracy of the tune measurements of 1e-4:
+-6cm error for s*, ~1.5% error for beta*



IR8 knob:

Δαy = -0.3

α(0) = s*/β*



IR6 knob:

Δαx = 0.3
Δαy = 0.3



Yellow ring

IR6
H

IR6
V

IR8
H

IR8
V

β*,m
2 weeks before

0.80 0.88 0.85 0.89

before the knob 0.80 0.91 0.90 0.94

after the knob 0.76 0.96 0.86 0.88

s*,cm
2 weeks before

-34 -33 2 30

before the knob -29 -53 -8 15

after the knob 13 -29 -9 -5

expected Δs* 24 27 0 -28

measured Δs* 42 24 -1 -20

The results from the gradient variation measurements

For BBQ accuracy of the tune measurements of 1e-4:
+-6cm error for s*, ~1.5% error for beta*



• Yellow beta* and waist at IP8 before Nikolay applied his knob
• V beta*: 1.03+-0.02@-0.18

• Yellow beta* and waist at IP8 after Nikolay applied his knob
• V beta*: 0.83+-0.02@0.04

• working point was also changed:
• before: Qx=0.2297, Qy=0.2336
• after: Qx=0.2312, Qy=0.2278

AC Dipole Measurements for IR8 knob

IR8 knob:
Δαy = -0.3

Measurements by M.Bai



Plans
• Automate the measurement procedure and the 

output of results; make the method convenient 
for the use in the machine operation.

• Consider betatron coupling issues:
– possibility of more accurate “uncoupled” tunes in 

BBQ
– possibility of the algorithm modification in the 

presence of the coupling
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