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Tune Drift @ 150 Gev
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Why does the tune drift?
Is it related to b, drift?
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Coupling Drift @ 150 Gev

Measured min tune split M.Martens, J.Annala
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The "“fine print" for this talk

Design Tevatron lattice (MAD) for most calculations.
All measurements on the central orbit (i.e. no helix)

Consider only the typical shot setup scenario
- 15 minute dry squeeze between stores.
- ~1 minute back porch
- Results not applicable to "no dry squeeze” situation

Do not consider
- Coupling in MAD model
- Rolled dipoles or quads in MAD model
- Higher order multipoles in MAD model
- Distribution of b, along a dipole magnet
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Tune Variations on Ramp/squeeze
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* Near start of ramp (150 — 153 Gev): large tune/coupling excursions
 Tune/coupling changes of (0.02 tune units, 0.02 minimum tune split)

* Variations fixed with additional breakpoint at 153 Gev and tune/coupling
snapback correction at start of ramp.
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Tune Variations on Ramp/squeeze

Tunes at start of ramp for two different front porch times
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153 Gev. Snapback
corrections are done. Snapback algorithm:

Av, = U, o [1-2(1/T)2+(1/T)* ] T=bsec
Av, = v, o [1-2(1/T)2+(1/T)* ] T=6sec
ASq = 5qq [1-2(F/T)>+(1/T)* ] T=bsec
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Summary: Tune Compensation

Run IT is first time for tune drift and snapback
compensation.

Tune and coupling drift at 150 Gev well compensated.

Tune snapback much better. Maybe could be fine
tuned? Maybe longer that 6 seconds?

Coupling snapback has not been measured. (Time
consuming to do so.)

Drifts not yet completely explained.
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Is the tune drift related to feeddown effects?

Orbit offsets in sextupole field feeddown to quadrupole
field = changes the tune.

Similar time behavior for both b, and tune drift.

Tune excursions at ramp start are in first ~6 secs, which is
length of b, snapback.

Definitely have orbit offsets
- Scallop effect from rolled dipoles.
- Radial position offset in Tev orbit.

So, lets digress and understand b, in Tev first
then ask if feeddown hypothesis is correct

’
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Chromaticity Hysteresis
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Chromaticity in the Tevatron

Total = Chrom. correctors + Dipole b, + Natural
& B 43.8 8.6 (I N 26.38 b —29.59
£ ) (115 -279) 1, —24.12; ~28.96
i i i fl fl

Measure  Measure Measure Calculate Calculate

Measure/estimate average b,
in the Tevatron dipoles
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b2 drift at 150 Gev

Estimated b2 drift on Tev front porch
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- Compensated with sextupole corrector time ramp.
* Algorithm is based on ‘96 magnet meas. and beam meas. (Annala)
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b2 on the ramp (including snapback)

Estimated b2 on Tev ramp
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b2 measurements compared to magnets

x TC 1220 (02 meas, 30 mIP,20 m FT, 1 m BP, 02ramp, 980 GeV FT, 4K, upramp from 0)
a TC 0483 (02 meas, 30 mIP,20 m FT, 1 m BP, 02ramp, 980 GeV FT, 4K)
TB 0834 (02 meas, 30 mIP, 20 m FT, 1 m BP, 02ramp, 980 GeV FT, 4K)
—&— b2 derived from beam (study Dec 4th)
—m—Db2 derived from beam (study Sept. 18th?)
A b2 -Meiqin's pointat FT
7 average Tevatron magnet hysteresis (corr. To 4 K, "out-liers" removed) ]

b2 (units)
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b2 Snapback Measurements

Measured b2 in the Tevatron dipoles
at start of the ramp after 20 minute front porch

9 M.Martens, J.Annala, P. Bauer
—e— Measured b2, w ith snapback
25 —A— Measured b2, no snapback
— 3rd order fit of b2, no snapback
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b2 snapback algorithm:
b2 comp. = Ab2 [1-2(+/T)?+(+/T)* ] T=6sec
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Chromaticity Measurements

Chromaticity at start of ramp
with 20 minute and 120 minute front porch
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* Time capture mode
» Tunes split and
adjusted at start of
ramp

* Tunes every 1 sec

- 2 ramps with ARF
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Chromaticity Snapback Compensation

|
Comparison of meas. and applied M.Martens, J.Annala,

snapback P. Bauer
for 20 min and 120 min front porch
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Summary: b2 Snapback Measurements

First time in RunII for precise b2 snapback
measurement. (Having tune drift compensation helped)

Algorithm,
Ab2 [1-2(1/T)2+(+/T)* ] T=6sec,

works well for 20-minute and 120-minute front porch
(with "standard shot setup” preparations)

Maybe snapback takes ~8 seconds instead of ~6
seconds? Maybe underestimate amount of correction
needed.
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Tune drift from feeddown

| |
Av,=-—2 B (AKL)=-—) f, (AK,L) Ax

A

Quad field Sextupole field
Orbit offset

Three sources Av =C.. (Ab X o)
of time varying . PP < i ><ﬂx ’ >D1p

:ie;:igpo'e + CgpAlgp <IBXX0 >SF
+ Cop Al <IBXXO>SD

Run IT Meeting, Feb 20, 2003 Mike Martens, Page 18



Tune drift from feeddown?

Av_=-0.0027In(¢t) < Measured ftune drift
Ab, =4+0.358In(¢) <« Meas/est b2 drift
Al =-0.191n(7) < b2 compensations

Alg, ==0.293In(7) b2 compensations

This gives (where x in mm) =

-2.7=344(x)  —2.04x) —1.02(x)

Dipole SD

What are orbit offsets?
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Where is beam in T:SF and

T:5D?

Tune change from T:SF vs RF offset Tune change from T:SD vs RF offset
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Linear (Horz tune change for +0.5 amp T:SD)

tune change for +0.5 amp T:SD)

Horz orbit is centered (on average) in T:SF magnets
Horz orbit is +0.34 mm (on average) in T:SD magnets

Measurement also provides calibration of T:SF and T:SD
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Orbit in Tev from BPMs

Horizontal orbit in Tevatron
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From BPMs <X>SF =—0.71 mm
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Horizontal orbit offset needed (1)

Scenario #1: Believe SF and SD center meas.

-2.7 = 3.4KX)pip ~2.04Kx=0)sr -1.02(x=+0.34)5,
— <X>D|pole = '68 mm

(Using vertical tune drift (X)pipe = --95 mm)

How can we be off -0.68 mm horizontally
in dipoles, but not in SF and SD?
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Horizontal orbit offset needed (2)

Scenario #2: Believe BPMs at SF

-2.7 = 3.44X)pip ~2.04Kx=-.71)5 -1.02(x=0?)4p,

= (Xpipole = -1.13 mm

(Using vertical tune drift (X)p;pe = -1.4 mm)
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Coupling drift from feeddown

AV, == 2 sart(, B)(AK;L) Ay

Av_. (1) =0.0061n(7)
(AK2L)(t) =9.78x10* In(¢) m™
(sqrt( S, B,)) = 53 meters

<Y>Dipo|e = +0.94 mm
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Summary: b2 feeddown hypothesis

Still seems plausible, but some mysteries remain.

Why do BPMs and SF scans give different orbit
of fsets?

Do we really have ~Imm horizontal offsets in dipoles.
Seems likely from BPM orbit.

How does alignment and coupling change things?
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