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"1 4 machines (since Oct 2007):
* 2 linacs (p and C)
2 synchrotrons
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Modes:

e proton (default, [25], 50-70 GeV) URAL-30/U-1.5/U-70

* light-ion (C, complementary)

1-100(2 of 3)/U-1.5/U-70

Top magnetic rigidity:
e U-70 233T-m
e U-1.5 6.9 T'm

Carbon nuclei:
* (very) high energy

« intermediate (though high) energy

24.1-34.1 GeV/u
453-456 MeV/u
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Photo album of machines

Extracted beams
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Full inventory of extractions

Extractions @ U-70: U-70 = a test pad for the SE physics:
* 1-turn/1-bunch FE _ _ _
e multi-turn (4-10) FE (new) Kick-off mechanisms via

* nuclear interactions
« Sicrystal channeling

* |T, secondary particles  ionization losses

* bent-Si CD (new) « 3 order integer resonance
« RSE (Q38 & S, SE (new)) Feeding fluxes
« S.SE at flat bottom (new) « translational (variable WP, CO-bumps)

» diffusive (over momentum, over radial
betatron oscillations)
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Foresight: all SEs when in use

Routine operation: sequential and parallel beam sharing at flattop

SSE, p, 50 GeV, (1-7) -10*2 ppp 1.25 s spill SE CD+IT, p, 50 GeV, 3-1012 ppp 1.35 s spill
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SSE, C, 24.1 GeV/u, 1.7-10°% ipp 1 s spill SSE, C, 456 MeV/u, 2-10% ipp 0.6-1 s spill
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Translation (V) versus Diffusion (D)
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Immunity to ripples of MO
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SSE at flattop (1)
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SSE at flattop (2)
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FEATURES: ®
» A “chimney” zone + a beam trap inside empty * Adjustable trajectory of WP to
RF buckets resonance in the (Q,, Qy)-plane
 Re-feeding depleted by SE 200 MHz “bunches” * Absorbing wall (sink) = const(a,)
* Inversion of beam halation * Phase mixing and randomizing
 Surplus stochastic acceleration of extracted * “Ribbon” waiting beam less
fraction prone to coherent instabilities
« No sweeping (drift) over extracted momenta * Close to applicability margin from
during a spill shorter extraction t
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Flattop SSE in operation (1)
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Flattop SSE in operation (2)

Run 2013-1, protons
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7-7.6-102 ppp via the SSE
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Flattop SE @ U-70:
o effective

* intensive

* slow

e low-ripple
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Bidirectional SSE exercise

Run2009_1: noise for RSE @ 3Q, = 29 and IT-27 in parallel
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SSE and coherent instabilities

Asymmetries' in F,(J) and Y. Consequences of sign toggling in k, n, 0’ in threshold maps.
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Flat-bottom SSE

Piccioni-Wright, 12C®*, 455 MeV/u

“window of possibilities” for Carbon
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Flat-bottom SSE in operation
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Beam feedback to flatten spills

Object under control: Feedback depth
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Square-wave stochastic spills
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Conclusion

In the U-70, two stochastic SEs are now routinely employed leaving no place

for translational feeding de-facto. Our experience tells that:

 To minimize spill ripples is to: (1) lower ripple amplitude a in optics + (2)
apply to shorter relaxation times oc a?for a diffusive feeding (compared
to oc g for a translational one)

 There is pear-to-peak asymmetry of ripples w.r.t. to average + suppressed
tendency to blackout cut-offs during stochastic extraction

* Reducing coherent ripples in SE spills with a beam feedback circuit in a
resonant (3Q,= n) scheme is noticeably LPF-limited due to a virtual (non-
dissipative, nonlinear) bandwidth of coherent response of an extracted
fraction propagated along 3Q,=n phase-plane trajectories

e In the stochastic SE, some leakage of carrier (transport) noise ripples into
a spill is inevitable. Beam user t-resolution over a spill must smear this
leakage out (say, by observer inherent time constant > 10 noise
autocorrelation times). Otherwise, stochastic feeding procedure would
turn inappropriate and rather degrade higher-frequency content of spills

Next page is a list of the author’s papers for further
details in written on the subject matter, if required
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