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* The physics case

* The computer challenge

e Simulations for SIS100

* Modeling for electron cloud
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Gain Factors

e Primary beam intensity:
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Beam loss mechanism
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Timeline

Space charge
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E. Benedetto et al,
Phys. Rev. Lett. 97, 034801 (2006).
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E. Benedetto et al,
Phys. Rev. Lett. 97, 034801 (2006).
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Electrons have different wavelemls’ch#,%
according to their amplitude *
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Electrons have different wavelelnéc_h+ I
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Multiple resonance crossing in bp!
beams induced by electron cw
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Multiple resonance crossing in bu:ih‘eq
beams induced by electron clot
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Modeling difficulties V

Long term tracking: 1075 turns for high intensity beams, much more for LHC

Does the code introduce artificial effects ??

L> How do we know what is real and what is artificial !!!

Do we have to include all physics ? or up to which extent ?

A personal view physics intuition —> computer model —> simulations

_— |

code upgrade <—— benchmarking ) understanding
with experiment interpretation
I=5= 1L
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Frozen space charge modeling li!Jth I
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For beam of arbitrary sizes the modeling is more complex

Ellipsoidal

X / simmetry
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Benchmarking with experlme ! ol
at CERN-PS 2002 :

£ /€ 3 Sim.
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G. Franchetti, I. Hofmann, M. Giovannozzi, M. Martini, E. Metral
Phys. Rev. ST Accel. Beams 6, 124201 (2003).
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2008-2010

G. Franchetti, O. Chorniy, I. Hofmann, W. Bayer, F. Becker, P. Forck, T. Giacomini,
M. Kirk, T. Mohite, C. Omet, A. Parfenova, and P. Schuett PRSTAB 13, 114203 (2010)
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Ongoing effort

11-15 June 2012
New campaign at the CERN-PS (LIU program)
Study of couple resonance and space charge

Study of the integer

V
New code benchmarking in highly controlled
experimental conditions

G. Franchetti, S. Gilardoni, A. Huschauer, F. Schmidt, R.Wasef
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SIS100 simulations
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SIS100 injection plateau sceQ‘_

50 Tm 1000 MeV/u —> A Q
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>

1 sec

First bunch @ 200 MeV/u

Nominal N, .. = 6.25 x 101°/bunch
Beaml: g, = 35/15 mm-mrad (20) AQ,,,=-0.21/-033
Beam?2: g, = 50/20 mm-mrad (20) AQ,,,= -0.15/-0.24

Tt | 57 x 1@ (] o )

Problem of control of beam loss for the bunched beams in SIS100 during 1 second
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Beam survival including space charge, | Jf I
transverse+long dynamics and random magn{ih s
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The challenge of acceleration
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. g )0
Acceleration: Code I\/Iodelwg “_.‘.55'%;_

The beam dynamics modeling is inconsistent

Load Load eddy
: Perturb them .
Scale beam systematic . induced
, with standard
with Bp component components
error seed
for Bp for Bp

Track
Evaluate Bp _ orr?eC tubriam

Space charge is scaled properly with Bp
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Beam loss during accelerati

emittances: 35x15 Ramp: 18Tm -> 50Tm
dp/p: yes random seed - yes
Intensity: 5E11 bucket - Ramp

Resonance: uncompensated

without eddy current
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E-Cloud simulations
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For LHC bunched beam in a dipole
log;o(P/Py)

C) 10 I
o 1.5 Pinch of electron is at the
base of potential electron cloud
, - ] incoherent effects
' 0.5
0
-0.5

$

In analogy with space charge =2
analytic modeling

Phys. Rev. ST Accel. Beams 12, 124401 (2009).
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T ‘///////// EC rings
//

EC density
constant in the rings

Bunch

turns x 10*

Cylindrical sheet approximation
of the EC distribution:

the electric field is expressed
analytically
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Q. Phys. Rev. ST Accel. Beams 12, 124401 (2009).
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But electron-cloud structure,? )
IS very complex
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- I L
Dynamics including the reaIisﬁ’j‘QE’é’*

1) Compute the “normalized transverse force” Ex,Ey created by the passage
of the bunch

2) Store the Ex,Ey as function of x,y,z proton position in a 200x200x200 grid
3) EC force acting on the protons is available via a tri-linear interpolation

4) Definition of 3 types of electron cloud kicks deriving from the consistent
electron pinch force on the proton.

At the moment the EC pinch does not take into account of the varying beta function
ratio characterizing the several section where the EC pinch takes place.
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Example of normalized flijnh‘ b 2

In a quadrupole

nz=10 Ex nz=70 Ex x J(
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benchmarking

use of LHC lattice, and added 1 EC kick of the full pinch

Ona quadrupole - betx = 33.6 m, bety = 162 m (exit of one quadrupole)
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K 1 : hp‘-_'“;".‘-
Summary W'@ s

The gap between simulations and experiments remain significant for
modeling long term effect of space charge. The explanation of this
discrepancy is open and the computer modeling improved for the
class of simulations required.

Modeling of the long term beam loss induced by space charge
remains very challenging and project related studies requires still
large computer power for parametric scans.

For the electron cloud incoherent effects the realistic modeling of the
e-pinch is very challenging and at the moment it relies only on large
CPU power. Benchmarking of EC incoherent effects with measurement
is at the moment too difficult.
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