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Previous SPS experiment in 2006 (H8RD22) featured the first measurement of both
channeling and volume reflection processes for a high energy proton beam.

RD22 was a successful single-
pass experiment with a bent Si
crystal

=> used in a ring as a primary=> used in a ring as a primary
collimator, that crystal will havecollimator, that crystal will have
a different, multia different, multi--hit behavior !!hit behavior !!

W. Scandale, LTC, 1/30/08
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The multi-turn physics of a beam passing through a bent crystal has been observed
both at FNAL (Tevatron) and BNL (RHIC collimation). However, in all cases, the
efficiency of the crystal did not match the predictionefficiency of the crystal did not match the prediction from tracking codes.
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Run *
PHENIX

Channeling Efficiency

Design
optics

Measured
optics Simulation Measured

width
Channeling

data

FY2001 5 59 % 19 ± 2 % 24 ± 3 %

FY2001 2 71 % 39 ± 2 % ± 9 ± 1 % 28 ± 3 %

FY2001 1 74 % 75 ± 1 % 56 ± 3 % 20 ± 2 % 19 ± 3 %

FY2002 3 79 % 21 ± 2 % 26 ± 3 %

FY2003 2 71 % 52 ± 2 % 50 ± 1 % 26 ± 2 % 26 ± 3 %

A. Drees, CAREA. Drees, CARE--HHH Crystal miniHHH Crystal mini--workshop, CERN, March 2005workshop, CERN, March 2005



It is therefore important to study in details the 6D multistudy in details the 6D multi--turn behavior of single particles impacting on aturn behavior of single particles impacting on a
bent crystalbent crystal, in order to understand and predict the mechanisms of a crystal-based collimation system
for any machine conditions (transverse/longitudinal tunes, beam energy, etc…).

So far, our main concerns are:

how the optics (optics ( ,, ,, µµ, closed orbit) affect the crystal efficiency, closed orbit) affect the crystal efficiency (CC/VR acceptance angle),
especially the dispersion function  and initial angular beam distribution? (see S. Peggs talk)(see S. Peggs talk)

is there a specific multispecific multi--turn patternturn pattern, i.e. how often does a single particle has to hit the crystal before
it reaches the collimator, and over how many turns ?

to confirm the energy scaling law for the volume reflection kickenergy scaling law for the volume reflection kick in transverse angle.

Both CRYSTAL (SPS) and T980 (Tevatron) upcoming experiments should allow addressing these
issues. This is currently being worked on, with the building and installation of dedicated Roman Pot (RP)building and installation of dedicated Roman Pot (RP)
stationsstations.

BNL contribution: data analysis based on fast tracking algorithmsdata analysis based on fast tracking algorithms, providing output files similar to the
ones produced by the detection system.
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The CRYSTAL experiment is scheduled for early 2009 along LSS5 in the CERN SPS. The bentbent
Si crystalSi crystal is placed upstream of QF.518upstream of QF.518; two locations are foreseen downstream of QD.519downstream of QD.519 for
the installation of RPRP’’ss.

A  60  cm long secondary tungsten absorber (TAL)secondary tungsten absorber (TAL) is located upstream of QF.520upstream of QF.520. The crystal
configuration will aim at channeling particles in the horizontal plane so as to dump them on the
TAL; practically, the crystal will only intercept particles with X > 0 and give them a transverseonly intercept particles with X > 0 and give them a transverse
angular kickangular kick XX’’ > 0> 0.
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W. Scandale &W. Scandale &
A. Taratin,A. Taratin,
CERN/AT 2008CERN/AT 2008--2121
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crystalcrystal crystalcrystalRP1RP1 RP2RP2 RP1RP1 RP2RP2

TAL collimatorTAL collimator TAL collimatorTAL collimator

The crystal will be installed close to a maximum of x (GOODGOOD) and an extrema of x (BADBAD). Values of
x and ’x are also non negligible…

For collimation/channeling efficiency studies, the crystalcrystal will sit at 66 xx from the center of the beam;
RP1&2RP1&2 and TALTAL at 6.836.83 xx.



Scenario considered in this presentation: 120 GeV bunched beam with N120 GeV bunched beam with Npartpart ~ 1e11~ 1e11.

At the location of the crystal: 11 xx = 1.058 mm= 1.058 mm , 11 pp = |= | xx ** p/p | = 0.351 mmp/p | = 0.351 mm !!!

From W. Scandale & A. Taratin, CERN/AT 2008W. Scandale & A. Taratin, CERN/AT 2008--2121: halo flux will range between 1e2 and 1e4
particles per turn, synchronous to the bunch structure => limit for single particles experiment: can=> limit for single particles experiment: can
it be reduced ?? Does the instrumentation then still work ??it be reduced ?? Does the instrumentation then still work ??
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For data analysis, it is sufficient to represent the Si bent crystal using SCM (Short Crystal Model,
presented by S. Peggs et al. @ FNAL Crystal Meeting, 12/6/2007S. Peggs et al. @ FNAL Crystal Meeting, 12/6/2007).
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X

S

Beam direction

Only a few parameters are therefore required to describe
on the first order the various processes applied to single
particles hitting the crystal:

•• channeling (CC) anglechanneling (CC) angle of the crystal,

•• volume reflection (VR) kickvolume reflection (VR) kick in angle VRVR,

• RMS kick in angle from Coulomb scatteringCoulomb scattering RMSRMS,

• channeling acceptance angleacceptance angle cccc ,

• CC and VR efficienciesefficiencies CCCC,, VRVR.

The corresponding values are obtained from established
crystal tracking code like CATCHCATCH; in current (preliminary)
version of the fast algorithms, there is no spread in theno spread in the
kick given to the particleskick given to the particles.
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In the results presented in the next slides,
the following values were used (from W.W.
Scandale & A. Taratin, CERN/AT 2008Scandale & A. Taratin, CERN/AT 2008--2121):

• = 150 µrad,

• VR = 22 µrad,

• RMS = 10 µrad,

• cc = 20.4 µrad,

• CC = 56%, VR = 95 % (taken from
RD22).

The crystal is set up so that channeling ischanneling is
the favored mechanismthe favored mechanism for the impacting
distribution. VR and MCS can also occurVR and MCS can also occur.

S. Peggs et al.S. Peggs et al.



Total detector dead zone for each RP is equivalent to:
@ RP1: 0.8 mm = 1.3290.8 mm = 1.329 xx => particles invisible until they reach 8.1558.155 xx !!
@ RP2: 0.8 mm = 0.8020.8 mm = 0.802 xx => particles invisible until they reach 7.6287.628 xx !!

Dead zone is included in the fast algorithms; dE/dx and RMS kicksdE/dx and RMS kicks from passage through RP
material is not, but is foreseen in later versionsforeseen in later versions for full treatment.
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S. Hasan et al.



I - Motivation – Our goals for UA9

II - Simulated layout – Crystal model

IIIIII -- Preliminary resultsPreliminary results

IV - Summary - Outlook

GRD, KAD - Crystal Collimation Workshop, FNAL
10/29/2008 13



GRD, KAD - Crystal Collimation Workshop, FNAL
10/29/2008 14

Distribution of particles at the location of the Si crystal; statistics over 100 turns.

channeled
particles
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Distribution of particles at the location of Roman Pot 1; statistics over 100 turns.

how many times does
the same particle hits ?
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Turn number Channeled @ crystal
(particle ID)

Seen @ RP1
(particle ID)

Seen @ RP2
(particle ID)

Lost @ TAL
(particle ID)

2 71 71 71 71

3 15, 35, 100 15, 35, 100 15, 35, 100 15, 35, 100

… … … … …

18 51, 54, 56 51, 54, 56 51, 54, 56 51, 54, 56

…

44 1, 19, 46 1, 19, 46 1, 19, 46 1, 19, 46

… … … … …

Only channeled particlesOnly channeled particles are seen at the RP’s !!

Channeled particles are absorbed the same turn they are seenabsorbed the same turn they are seen !!

Out of 186 single particle hits on the crystal (over 100 turns), 83 were in the channeling acceptancechanneling acceptance
(45%)(45%), 85 in the VR acceptance (45%)VR acceptance (45%) and 18 particles went through the amorphous region (10%)amorphous region (10%).



The experiment described in  CERN/AT 2008-21 is designed to test the efficiency of
using a bent crystal to channel particles for collimation purposes; its configurationits configuration
does not allow single particles, multidoes not allow single particles, multi--turn data analysis from the Roman Pots !!turn data analysis from the Roman Pots !!

The dead zones would actually force to reduce the opening of RP1 and RP2reduce the opening of RP1 and RP2; in the
case of RP1, that would imply sending the front edge of the detector about 1.3about 1.3 xx
further in => not in the beam halo anymore !!further in => not in the beam halo anymore !!

In the following, the TAL collimator is therefore considered fully retractedfully retracted, and RP1
and RP2 are left at the openings listed in CERN/AT 2008left at the openings listed in CERN/AT 2008--2121. The initial particle
distribution is still generated with NNxx

initinit = 5.95= 5.95 xx using the nominal RMS momentum
spread p/p = 4ep/p = 4e--44.
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Distribution of particles at the location of the Si crystal; statistics over 100 turns.
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Distribution of particles at the location of Roman Pot 1; statistics over 100 turns.
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[ mm ]

onlyonly ““visiblevisible”” regionregion
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[ mm ]

onlyonly ““visiblevisible”” regionregion

Readout from the detector is one position: which one ??which one ??
=> raises the issue of the particle flux !!=> raises the issue of the particle flux !!



GRD, KAD - Crystal Collimation Workshop, FNAL
10/29/2008 22

Using the common output format
agreed upon with M. Prest et al.M. Prest et al.,
one can generate files reproducing
the readout from the electronics ofreadout from the electronics of
the detection stationthe detection station - incl. the
potential (and hoped for) nearnear
crystal detectorcrystal detector.

Assumption are being made on the
triggering mode of these detection
stations; one of the issues withone of the issues with
synchronous triggering is the casesynchronous triggering is the case
of a crystal nearof a crystal near--miss !!miss !!

Goal of the turn by turn data:
recognize hitting patterns of singlerecognize hitting patterns of single
particlesparticles.
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The successful RD22 experiment opened a gate for more detailed studiesopened a gate for more detailed studies of the various physics
processes involved in the interaction between a high energy proton beam and a bent crystal.

UA9 and T980 should allow (in)validating the idea of a collimation system assisted ballow (in)validating the idea of a collimation system assisted by benty bent
crystal(s)crystal(s); a dedicated detection system must be provided in order to collect all relevant data
(impacts, angles, patterns).

Some beam time must also be dedicated to the understanding of multiunderstanding of multi--turn single particleturn single particle
physics with a crystalphysics with a crystal: this is required for the design of future crystal-based collimation systems !

Both channeling and VR might be of interest for crystal collimation in the LHC; in particular, the
energy scaling law of VR has to be tested between UA9 and T980energy scaling law of VR has to be tested between UA9 and T980.

Preliminary results from fast tracking codes should help in deciding the optimal setup fordeciding the optimal setup for
successful UA9 and T980 experiments (RP location + transverse posuccessful UA9 and T980 experiments (RP location + transverse position)sition). ASCII data analysis
software is available (root, C++): details should be implemented based on these preliminary
results (change of data format required ??).
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