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We calculate the beam-beam tuneshift during the squeeze of the beam in the
Tevatron from injection to mini-beta. We find that for the beam emittances typically

used, there is little variation of the tuneshift, in either plane, during the squeeze.

1 Introduction and Basic Details

When proton and antiproton beams are injected into the Tevatron, the accelerator
lattice is in the fixed-target configuration. This is then changed, in a process called
the “squeeze,” to a mini-beta configuration, where the beta functions at BO (the
CDF interaction point) are rdeuced to 87 = 0.58 m and 3} = 0.6 m. The squeeze
is performed by changing the B0 quadrupole settings in a sequence of 35 steps. It 1s
observed that particles are lost during the squeeze, and it is speculated that this may
be because the beam-beam tuneshifi increases at that point and causes a resonance
to be encountered. An example of the data is shown in Fig. 1. The curve marked
1 shows the beam intensity (IBEAMB) as a function of time (or step number in the
squeeze). The curve marked 2 shows the current in the Q1 quadrupoles at BO (B0Q1)
while the curves marked 3 and 4 show the luminosity as recorded at B0 (BOLUM and
BOLUMH). We see a drop in intensity, indicating particle loss, at the arrowed point
in curve 1. We therefore calculate the beam-beam tuneshift as a function of step
number during the squeeze. We find that the tuneshift is almost constant during the

squeeze.



2 Calculation

We calculate only the small-amplitude, or linear, beam-beam tuneshift below. The
tuneshift for larger amplitudes is smaller than this value, so we are calculating an up-
per bound. We calculate the antiproton tuneshift below, assuming 6 proton bunches,
each with 6 x 101° particles. The tuneshift is linearly proportional to the number of
particles, so we do not vary this parameter. The beam-beam tuneshift deperds not
only on the lattice but also on the beam emittances and the o, /p relative momentum
spread. We perform the calculation for several values of the emittances, but assuming
equal emittances ¢, = €, = ¢, say. All emittances are normalized 95% values in this
report. We consider two values for o,/p, viz. zero and 1.5 x 107%. The latter number
is appropriate for a beam at 900 GeV. For example, o,/p = 1.49 % 107! in the data
shown in Fig. 1.

We use the SYNCH program to calculate the lattice functions, and calculate the
tuneshift using another program called BBTS from D.E. Johnson. We do not assume
round beams. Omnly the BO and correction quadrupole settings are changed (as a
function of step number) in the calculations. The B0 quadrupole settings are taken
from the T111 page, and are reproduced in Table 1 below. Note that the values of
the correction quadrupole settings Qx and Qy in the last two columns are not used.
Instead SYNCH is used to set their values by demanding that the tunes be equal to

the values measured experimentally. The values of the tunes are given in Table 2.2

2.1 Special case

For the case where o,/p = 0, we can perform a simple analytical calculation of the
linear beam-beam tuneshifts to derive the result that the sum Av, + Ay, is constant,
provided that e, = ¢,. This result was actually first found numerically, in one of the

graphs below, and provides a check on the numerical calculation. In this report, the

'D.E. Johnson, private communication.
2These values were obtained from D. Herrup {privaie communication).



formulas used for the tuneshifts are
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Here N is the number of particles per bunch, r, is the classical proton radius, G, ,
is the {horizontal,vertical} beta function, and o, is the {horizontal,vertical} r.m.s.

beam size. For a planar horizontal ring, 02 = ¢,8, and if o, /p = 0, then ol = e ;.
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Note that one must have equal emittances, else Av, + Av, is not constant.

3 Results and Conclusions

The results are shown in Figs. 2 — 5. The order of the figures is
Avg, op/p=0

Av,, 15F -4
Avy, 0
Av,, 1.3FE —4.



The individual graphs in each figure are for different values of the emittance. In the
Av, plots, we start from € = 57 mm-mrad and increase in steps of 57 mm-mrad until
100m mm-mrad. Recall that we set ¢, = ¢, = €. In the Ay, plots, we start from
€ = 107 mm-mrad instead because the 57 mm-mrad curve is off the scale, and it
would compress the other graphs too much to change the scale to include this not
very important case. We also plot Ay, vs. Ay, in Figs. 6 and 7 (with ¢,/p = 0 and
1.5E — 4 respectively).

We see that except for Aw, with o,/p = 1.5E — 4, the tuneshifts stay almost
constant during the squeeze. In the exception, the tuneshift increases slightly at the

end of the squeeze, but not to a high value. We also see that Ay, > Awv, always.

We conclude that the beam-beam tuneshift does not change significantly during
the squeeze, at least on the present evidence, and is therefore not correlated with the

particle losses during the squeeze.
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TaeLE 4L

Till MODIFYing file 7 1T021 HALF TIME SQUEEZE, 29 SEP 1988 DAH

*Return *ch-plot *ch-calc *ramp/rf *tune *BOQUADS *timing *send
*Help CALC/PL  breakpoints as in rf/ramp
NORMAL
————————————— values at end of sequence---==—————==---

SEQ TYPE Dt ENERGY TIME Q1 Q2 Q3 Q4  Ox Qv

1 LINEAR O 900 4 369,60 . 20 . 00 0

2 LINEAR 0 900 9 1.4 LlNs0 e

3 LINEAR O 900 11.5 591 70 0

4 LINEAR 0 900 14 078 '

5 LINEAR o} 900 17.3 ‘;;ﬁ160j-*

6 LINEAR O 900 20.6 67 i :

7 LINEAR 0 900 23.1 &

8 LINEAR 0 900 25.6

9 LINEAR 0 200 28.1
10 LINEAR 0 200 30.6

11 LINEAR 0 200 33.1

12 LINEAR 0 900 35.6

13 LINEAR 0 900 38.1

14 LINEAR 0 900 40.6

15 LINEAR 0 900 43.9 ]

16 LINEAR 0 200 47.2 !

17 LINEAR 0 9200 50.5 400

18 LINEAR O 900 53.8 275

19 LINEAR 0 a00 57.1 1€ ,,;____

20 LINEAR 0O 900 60.4 90 - : s o :
21 STOPLN 0 900 63.7 =2 ... 908, 5 64o¥ﬂ¢17s 9-35.51 35.51
T111 MODIFYing file 8 21 TO MINI BETA, HALF TIME; ED15 P65 DF
*Return *ch-plot *ch-calc #*ramp/rf *tune *BOQUADS *timing *send
*Help CALC/PL.  breakpoints as in rf/ramp

NORMAL ‘
------------- values at end of sequence----——-==—cem——--—

SEQ TYPE Dt” ENERGY TIME Q1 Q2 Q3 Q4 Qx Qy -

1 LINEAR O 900 6 -2 ''908.5 640  176.9-35.51 35,

2 LINEAR 0 900 11 ) ¢ 2710: 25: e ' .3

3 LINEAR 0 200 16

4 LINEAR 0 200 21

5 LINEAR 0 200 26

6 LINEAR 0 200 31

7 LINEAR 0 900 36

8 LINEAR 0 900 41

9 LINEAR 0 2900 46

10 LINEAR 0 200 51

11 LINEAR 0 900 52

12 LINEAR 0 900 53

13 LINEAR 0 900 54

14 LINEAR ) 900 55

15 STOPLN 0 200 56




Grnly the fractional

Tabie 2.

parts of the tunes

are |isted. The integer part is 19.

Step

@x
4144
4249
4199
4158
4178
4155
4169
4170
4157
4163
4152
4182
4178
4184
4181
4181
41861
4188
4175
4184
4132
4152
4135
4152
41568
4158
4151
4149
4135
4189
4138
4138
4189
4179
4123

Qy
4971
4062
4948
4534
4967
4344
4842
4842
4834
4836
4938
4239
4931
4871
AB47
4237
4934
Ap44
4978
4978
4858
4074
4160
4981
4338
4837
4925
4048
4971
4938
4287
4954
4347
4651
4021
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