Beam-Beam Compensation Project

See news at http://www-bd.fnal.gov/lug/tev33/ebeam-comp/
Summary of Accomplishments in 2002:

1. 1ST TEVATRON ELECTRON LENS:
a) TEL was found to be the only reliable instrument to reduce drastically amount of proton DC beam in the Tevatron. Since Feb’02 it is in use operationally to control/smooth the CDF abort gap losses and clear abort gaps for safe beam abort at 980 GeV (V.Shiltsev, XL.Zhang, K.Bishofberger)

b) there were 10 shifts of dedicated beam studies with the TEL-1 and some half-dozen 2-4 hour studies at the end of stores. Major results of the studies are (V.Shiltsev, XL.Zhang, K.Bishofberger): 

c) dynamics of interaction with pbar beam was found not different  lifetime-wise from electron-proton interaction; 

d) it was observed that TEL e-beam edges produce a soft collimator effect -  lifetime of (p, pbar) particles inside the e-beam tube is much better than for particles outside the e-beam. After enough time of interaction, the remaining beam fits the TEL beam  aperture of about 18 pi. 

e) the soft collimator effect is obviously worse for poorly aligned e-beam (colliding with offset or crossing angle) – that calls for beam position measurement error less than 0.1-0.2 mm (currently, it’s about 0.4-0.6 mm) 

f) lifetime of 980 GeV protons interacting with e-beam strongly  depends on Tevatron beatatron frequencies Q_x,Q_y – at best it was 70-100 hours close to diagonal Q_x=Q_y and the TEL induced tuneshift of about dQ=0.005; at worst the lifetime can be as low as 1-2 hours – compare with Tev typical luminosity lifetime of 12 hours. 

g) new electron gun with somewhat smoothed edges in the beam current distribution had been designed, fabricated, tested and installed during June’02 shutdown (G.Kuznetsov, N.Solyak) but it has not eliminated the soft collimator effect and poor lifetime

h) another electron gun with Gaussian current distribution has been simulated and designed (M.Tiunov, G.Kuznetsov), fabricated and tested in the Linac lab (G.Kuznetsov, N.Solyak). It is going to be installed in TEL-1 during Jan’03 shutdown. 

i) there are indications that aside from beam-beam effects (soft collimator), the best proton lifetime reduction (in the best WP, with perfectly aligned beams) can probably be set by electron current and position fluctuations, or by collective effects in e-p beam-beam interaction 

j) a novel diagnostics has been built to measure TEL pulse-to-pulse current fluctuations (A.Semenov) and we found dJ/J<(1-2)e-3 peak-to-peak.

k) we have modified HV modulator circuits to eliminate some 1-2% 30 MHz e-current modulation (G.Saewert, K.Bishofberger)  

l) up to now, our attempts to reduce 15Hz, 60Hz, 120Hz current modulation and eliminate “afterpulse” were not successful

m) longitudinal waves excited by proton bunches have been observed in the electron beam (V.Parkhomchuk, V.Reva) but we have not found solid evidences yet that those waves affect the beam lifetime – studies to be continued;

n) spare electron collector has been designed, now in fabrication (V.Sidorov, G.Kuznetsov)

o) six additional coils and new support frame have been designed and fabricated by IHEP, Protovino (S.Kozub, L.Tkachenko, V.Sytnik, et.al), delivered to FNAL and tested at E4R (G.Krafczyk, R.Hively). They are going to be installed in TEL-1 during longer shutdown in 2003 (summer-fall).  

2. SAFETY/MANAGEMENT/etc:
a) nobody killed, injured or hurt at two set-ups at the TEL-1 location in the Tev tunnel, in the Linac lab and E4R building.  

b) we were within the BBC FY2002 M&S budget(is it an achievement?).

c) due to migration of V.Shiltsev and XL.Zhang to the Tevatron operation, the BBCompensation team was severely undermanned in 2002. 

d) due to various reasons, the rate of the TEL beam studies at the second half of 2002 dropped significantly (the last shift of dedicated studies was in September)

e) Kip gave two good Budker seminars at FNAL and made presentation at Snowmass’02, Xiao Long presented status of the TEL instrumentation at BIW’2002.    

3. GOALS/PLANS for 2003
a) goal #1 for the coming year is to strengthen the BBC team - most important, to attract another physicist to the project and keep engineering staff 

b) continue beam-beam compensation studies with TEL-1 with an ultimate

c) goal to demonstrate operation of TEL on one or few pbar or proton bunches

d) with a tuneshift of about 0.005-0.01 and, at least, without deterioration

e) (better, with improvement) of the luminosity lifetime

f) install Gaussian gun during Jan’03 shutdown, install six new coils and new support frame during longer shutdown in 2003
g) re-design of the TEL diagnostics (pick-ups, profilometers, ion clearing), build and install that during summer-fall shutdown, improve 3-beam BPM accuracy to 0.1-0.2 mm

h) introduce position feedback stabilization to assure head-on e-pbar 

i) get >3 fold improvement in the beam current and beam position stability, eliminate afterpulse

j) build spares of : I) electron current collector; II) HV modulator; III) main and gun solenoid magnets – TBD

k) design and build new 15-20 kV HV modulator

l) upon success of k) – design and build larger (14mm) cathode e-gun 

m) upon success of b) - start the design and fabrication of parts for TEL-2
I wish all of you a Happy New Year!

Vladimir

