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Abstract Parasitic measurements of the vertical beam dyrsamic
Presently, the Cornell Electron-Positron StoragagRi Were made during CHESS operation using the PMTyarra
(CESR) is operated at two different beam enerdims: Measurements were made at high current (top ofi)a fi
energy (E=2GeV) for high energy physics (CESR-n}j a me_dlum current (middle of a fill), and low cur_re(le_md of
high energy (E=5.3GeV) for synchrotron radiatior? fill), where bunch-to-bunc_h currents are fairkyifarm.
production for the Cornell High Energy SynchrotrorAt each current, the vertical profile of all 54 e/
Source (CHESS). The electron and positron bunchedunches were measured for 9k turns (~23ms tota)tim
vertical dynamics at these two energies are vast ch prOfiIe is fit to a Gaussian distribution tetermine
different, in part due to the change in the pretzbit, the the vertical position and size of each e+/e- bunch.
presence of W|gg|er magnets at low energy, and Flgure 1 shows the difference in e+/e- vertical rhea
Synchrotron radiation power at two different enesgi size from the first bunch in the traln.. From. these
Using a 32 channel photomultiplier array and a beameasurements we can conclude that: i) there isye-
position monitor (BPM), vertical beam dynamics wergrowth along the train except for bunch 6 in trainss,

measured on a turn-by-turn basis during CHESS anghd 7, ii) there is significant esy, growth along the train
CESR-c operation as well as dedicated machine egudi

| .

; : except for train 3, 6, and 9 wheog decreases, and iii) a
time. For these studies, electron cloud effectshsas P ) i eu:@ ) ) )
vertical tune shift and vertical beam size blowalpng three-fold symmetry s e_wdent By, partlcularly n the”
the electron and positron trains are quantifiethase two e+ oy along the train (figure 1a). Since the parasitic

vastly different beam energies. crossing is a horizontal effect and it's noticed the
INTRODUCTION vertical plane, coupling must occur.
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The Cornell Electron-Positron Storage Ring is ofsera B mabwe
at high energy (E=5.3 GeV) for synchrotron radiatio B Al
production (CHESS) and at low energy (E=2 GeV) fo | @
high energy physics at the upsilon energy. In timli
there are plans to turn CESR into a damping rirgg te z *
accelerator, CESR-TA, to study beam dynamics, sisch
ultra low emittance beams, e+/e- damping times, taed 0
electron cloud instability, for the Internationalinkar
Collider damping ring. To quantify the vertical dme o1 |
dynamics on a turn-by-turn, bunch-by-bunch basis fc ”l |||
these different operating conditions, two 32 channe
photomultiplier tube (PMT) arrays were installed in 1
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CESR. These can be used to measure the vertiaah be - CHESS Opersion
dynamics for the e+/e- beams. N
W =4.3mA/bunch
CHESSVERTICAL BEAM DYNAMICS e
During CHESS operation there are typically 9 traofs 0.06 i I I'
6 bunches of e+/e- in CESR for a total of 54 buacheE
The bunches in each train are separated by 14 1 .0% /

k]

Electrostatic separators provide a horizontal pletzbit
in the arcs and vertical pretzel orbit in the iatgion
region to prevent the bunches from colliding.
Calculations of the lattice properties due to tbeizontal
parasitic crossings predicts three-fold symmetrythsat 002 ‘ ‘
trains 1, 4, 7, and 2, 5, 8, and 3, 6, 9 have idehoptical S

Train

prope_rties due to their identical horizontal parasi Figure 1. Vertical beam size for the (a) positbamches
crossings [1]. and (b) electron bunches when 9 trains of 6 bunglees
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train were present in CESR during CHESS operatioenergy (1.9 GeV) with a magnetic lattice that ideld 12
The measurements were made at three differentratarre  wiggler magnets. To characterize the electron djlau
bunch train with up to 45 bunches with 14 ns sgagias
CESR-C VERTICAL BEAM DYNAMICS used. By exciting the bunch train with a pulsedyns,
Colliding beam measurements were made duringpe tune of each bunch can be measured usingrifiéyu
CESR-c high energy physics production with 24 besch turn BPM system.
in CESR and a bunch pattern of 9 trains with 3 bhesc  The decay of the electron cloud can be quantifigd b
except for train 1 (2 bunches) and train 9 (1 blnchmeasuring the tune shift as a function of buncttisga
During CESR-c operation, the bunches are sepaiatedA 10-bunch train of positrons was used to genesate
the CESR arcs with horizontal separators and ti#lide electron cloud and a single witness bunch was glate
in the CLEO-c detector. various distances behind the train. Generating and
Using the PMT array, vertical beam size measuresnentitness bunches were filled to 0.75mA. The resates
were made for 10k turns. Figure 2 is the vertlmehm shown in figure 3 where the bunch tunes are plotted
size for the positron and electron bunches duriB$R-c relative to the tune of the leading bunch in thaéntr
operation. The results show that: i) the e+ vattieam

size typically grows along the train, ii) the e-rtieal Positron Beam (0.75 ma/bunch, 1.9 GeV)

beam size decreases along the train, iii) bothethie- 1.00 7 i 1 i i ]
vertical beam sizes increase with current, and the 090 TV | on = |
s . . & =
three-fold symmetry due to the parasitic crosstgiat 000 R : ;‘_"’“ |
present. During colliding beams, the beam-bearcefs iro p mess—
significantly larger than the parasitic crossindeef (~ § aod . .
factor of 5) which might explain why it's not obsed = {0 b L] !+ |
during CESR-c colliding beams. g 0407 T, i
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Figure 3: The positron tune shift in the (a) \aatj and
. (b) horizontal plane relative to the first bunchtle train.
1 2 3 4 5 6 7 8 9 The nominal first bunch tunes werg=Q02.7 kHz and

Train _
Figure 2. The vertical beam size for the (a) positand Q=239.3 kHz.

(b) electron bunches during CESR-c high energy iphys We note the following: i) Using a simple model bét
operation. The measurements were made at threkectron cloud interaction, the beam requires auctlo
different currents. density of pe~10"/m*kHz to produce the vertical tune

shift along the train [2]. ii) The decay time bEtelectron

ELECTRON CLOUD MEASURMENTSAT cloud is roughly 170ns. iii) The horizontal tushift

CESR along the train is small in comparison to the waifttune

Over the past year, a series of measurements trsing shift.

turn-by-turn PMT and BPM instrumentation have been An identical measurement to the positron tune st

made to quantify the presence of the electron clioud made for electrons (figure 4). The results shoat:th) a

CESR. The measurements were made at the CESRegative tune shift is measured which is consistetit
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an electron cloud acting on the beam. ii) Thekpgeae At high energy (E=5.3GeV, CHESS), a three-fold
shift is observed at 196 ns (bunch 14) _behind df_lgil symmetry is evident iy, indicating coupling between
electron bunch whereas the peak tune shift fortioes is  the horizontal and vertical. Both electrons andifpons
_(_)_bserved at 140 ns (bunch 10) beh|nq th_e lead hamch showoy growth along the train.
iii) the peak electron vertical tune shift is ~1f8 peak . .
' . . o . During dedicated electron-cloud measurements
positron vertical tune shift. Our preliminary ctugion _ X
. . (E=1.9GeV) for electrons,a cloud density of
from the above tune measurements is that we aingsee 10kt red d h b d
evidence for the electron cloud affecting the dyitanof Pe~107/m7kHz s required to produce the observe
vertical tune shift. Measurements were consistétiit an

both electron and positron beams. ; :
b g-cloud decay time of 170ns. Positron measurentdrds

Using the turn-by-turn PMT, the vertical beam siz . . _ )
along a 45 bunch train of positrons was made ovange negative tune shift were consistent with an e-clefidct.
As current increasesyy blow-up for positrons occurs

of bunch currents. At each current setting a 50 tu
average of the vertical beam size was measuredi2e8. further toward the front of a 45 bunch train, whishalso
The results displayed in figure 5 show that asdingent consistent with an e-cloud effect. We conclude the
increases the vertical beam size blow-up occurieean are seeing evidence for an electron cloud affectioth
the 45 bunch train. This is characteristic oféheloud.  the e+ and e- beams.
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Figure 4: The electron tune shift in the (a) \eati and (b) horizontal plane relative to the fivanhch in the train. The
nominal first bunch tunes werg€203.7 kHz and (¥241.4 kHz.
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Figure 5: Onset of a vertical beam size instabitir trains of 45 positron bunches as a functibbunch current. For
the measurements shown, each point correspontie taverage of 200 single bunch beam size fits wiach fit was
carried out on a 50-turn average of the PMT arigiyads.



