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Outlook

¢ Why using crystals in hadron colliders
The H8-RD22 experiment at CERN

(test in a single-pass beam-line)
¢ Experimental layout

¢ Main results

The UA9 experiment at the CERN-SPS

(test in a circular accelerator)

¢ Layout
¢ Expected efficiency

Conclusions
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Two stage collimation

in a circular collider

How it works ?

¢ Short scatterer deflects the primary halo (aperture r,=N,VBss€)
¢ Long collimator intercepts the secondary halo (ap. r,=N,\B7ss€)

¢ halo particles captured through amplitude increase via multiple
scattering and multi-turn effect.
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Requirements for LHC

| U
Local deposition A\

|

Magnet can

into cold aperture ﬂ% i
I ' R x))

Hlustration of LHC dipole in tunnel

Energy Loss rate Quench limit Cleaning Control

[GeV] | (10 hlifetime) [p/s/m] requirement
) to ~1e-9 of

450 8.4e9 p/s 7.0e8 p/s/m 92.6 % nomln(:?cl);)r;t'ensny

7000 8.4e9 p/s 7.6e6 p/s/m

lost protons before they reach cold aperture!
Required efficiency: (assuming losses distribute over 50 m)

RA LHC MAC 13/3/03 Courtesy of R. Assmann
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Ton collimation: why an issue?
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High probability of nuclear
interactions in the scatterer

=> strong reduction of the 2-
stage collimation EFFICIENCY

Curtesy of Bellodi

fragmented nuclei,
Monte Carlo estimate
of the x-sections

loss 1 n (59%) — 207Pb
loss 2 n (11%) — 206Pb
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Crystal collimation ﬁ
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¢ Primary halo directly extracted! \\ e o S
N ]

¢ Much less secondary and tertiary halos!?
..but no enough data available to substantiate the idea...

W. Scandale 6



Possible processes: T AN D A A A \

_ _ U v oI kY Ly !,’Va
¢ multiple scattering 2IETATA TR LTEY \u’ \¥ I \ A
¢ channeling d Channelled particle !
¢
¢ de-channeling (b)\ /\ . Volume-reflected particle (d)

"\ 1\ iy ~,

¢ volume reflection vV \/\N /TR Volume-captured

A\
VAR ‘x /’\\.\ part|cle

u-‘\/\ v\

Channelled particle

Volume reflection
Prediction in 1985-'87 by
A.M.Taratin and S.A.Vorobiev,

First observation 2006 (IHEP - PNPI - CERN)
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@ The H8RD22 apparatus:

Single pass tests in the SPS-North Area

. Si detector
Si1 Si detector gonlometer Si3 Si4
incoming v — . H
beam
-1 0;4 -0.I3 [l} +10. :—1 1.1
1 ' ! i 2 (mj

* 3-stage for @ external AC
goniometer :
lateral + one couphng
rotation) Reatiout

Y . precision = of the
order of 1urad

« ASICs = VA2
L]

* double sided silicon strip
detector with 50um pitch

* dimensions = 1.92x1.92 cm?

* SNR = 80:1 with a 5 MHz readout
clock and 25m cables

* Residual = better than 5 ym

* DAQ rate = 2.1kHz — 10k events
per spill

Strip crystal (limited

but regular surface) Quasimosaic crystal

(big surface)
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Strip crystals

Built at INFN - Ferrara in collaboration with IHEP - Protvino
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The main curvature due to external forces induces
the anticlastic curvature seen by the beam

S . |
Beam™ //"//
""""" >
b
Rff
Main radius ,
of curvature R.
Radius of
anticlastic
curvature
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@ Quasimosaic crystals

Built at PNPI - Gatchina

Beam direction

(111)

Quasi-Mosaic effect
(Sumbaeyv , 1957)

m The crystal is cut parallel to
the planes (111).

m An external force induce the
main curvature.

m The anticlastic effect
produces a secondary
curvature

m The anisotropy of the
elastic tensor induces a
curvature of the crystal
planes parallel to the small
face.

Crystal size: 0.7 x 30 x 30 mm3
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Angular beam profile
as a function
of the crystal orientation
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9mm long Si-crystal deflecting 400GeV protons
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The angular profile is the
change of beam direction
induced by the crystal

4]
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The rotation angle is angle
of the crystal respect to
beam direction
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decreases from red to blue

Angular profile (urad) _

“ The particle density

-100

—

1 - "amorphous” orientation
2 - channeling (50 %)

3 - de-channeling (1 %)

4 - volume capture (2 %)

5 - volume reflection (98 %)

-150

-200

0 50 100 150 200 250

Rotation angle (urad)
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Several consecutive reflections ¢ enhance the deflection angle

¢ keep large cross section
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@J 5 heads multi-crystals

Steps to align the five crystals

¢ Volume reflection angle 53 urad
¢ Efficiency = 90 %

________________________________________

High statistics
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€111> or <1102

) Multi-strips @;§|

¢ Volume reflection angle ~100 urad
¢ Efficiency ~ 90 %
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@ Other results of H8RD22

PROTON BEAM (400GeV/c),

#Volume reflection dependence from the curvature of the crystal
¢ Axial channeling

ELECTRON/POSITRON BEAM (1806eV/c),

#Volume reflection with electrons and positrons
#Radiation emission with e+/e- beams in channeling condition

Channeling from secondary Modulated VR & y scan
__ crystal planes
Vertical beam rofie

POSITRONS ELECTRONS
00

NQ4000-23900- 23800 23700—23600—23500-23400- 2330023200
Cradle

5 horizontal deflection srad
alignmen

00000000000000000000000000000000000000000000000000000000000

‘goniometer position (urad)

vartical daflsction urad

e+/ e- having lost energy via radiation The crystal is not ideal
emission but it's there!!!!!
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UA9

The underground experiment in the SPS
Approved by the CERN Research Board of the 3 Sept 2008

&< Electrostatic \
Deflector
circulating
"
kick yns = 0.005 prad ~510"p

Goals:

¢ Demonstrate high efficiency collimation assisted by bent
crystals (loss localization)

¢ Follow single particle dynamics in crystal-collimation
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UA9 layout
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= Installation

week 3 Jan 09
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30x30 mm2 wide.

Etude de faisabilite




| Quartz windows:

RD22 tank

1500

stage 2: checking of
crytal alignment by metal

the laser b holders
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O 2 &

] Laser table for crystal alignment

Concerns:
* Optimal energy
* Alignment
* Feed-troughs
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The SPS beam

» Possible energy range from 70 to 270 GeV.

+  We selected two energies of interest:

- 120 GeV, as for the RD22 experiments (reference data in the literature);
- 270 GeV, as for other planned experiment in the SPS (faster setting-up)

High energy unbunched bunched

RF Voltage [MV] 15 0 15
Momentum P [GeV/c] 270 120 120
Tune Qx 26.13 26.13 26.13
Tune Qy 26.18 26.18 26.18
Tune Qs 0.0021 0 0.004
normalized emittance (at 1 o) [mm mrad] 15 15 15
transverse radius (RMS) [mm] 0.67 1 1
momentum spread (RMS) Ap/p 2 to 3x10-4 2 to 3x10-4 4x10-4
Longitudinal emittance [eV-s] 0.4 <04 0.4

alternative tunes are those selected in RD22 (Qx=26.62, Qy=26.58).




The SPS beam

Intensity a few 10" up to a few 10%2 circulating particles.
Beam either unbunched or bunched in a few tens of bunches.

Beam lifetime larger than 80 h, determined by the SPS vacuum.

A halo flux of a few 10?2 to a few 10* particles per turn, which can be investigated
with the detectors in the roman pots

evenly distributed along the revolution period (unbunched beam);

or synchronous to the bunch structure (bunched beam).

Larger fluxes up to a few 10° particles per turn, which should be studied using
only the beam loss monitors.

Phose space of impact

100 E -
Beam footprint in the crystal

angie of impact (urad)
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impact parameter (um) J




@J Deflected beam
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Particle trajectory with «=150 prad
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Efficiency

Expected efficiency

for a=150 urad
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Plans for 2009
9

UA9

» Installation in the SPS tunnel: Feb 09

* First run: June 09

* Loss localization experiment: Sept 09

» Observation of single particles and efficiency measurement: Nov 09

H8RD22
* 4006GeV proton microbeam: Oct 09
- 1506GeV electro/positron muon beam: Nov 09




@J Conclusion

¢ High efficient reflection (and channeling) observed in single pass
interaction of high-energy protons with bent crystals (0.5 to 10
mm long)

¢ Single reflection on a Si bent crystal deflects > 98 % of the
incoming beam by an angle 12+14 urad

¢ Very promising for application in crystal collimation

¢ Multi-reflections on a sequence of alighed crystals to enhance the
reflection angle successfully tested in the 2007 and 2008 runs.
Efficiency > 90 %.

¢ Axial channeling also observed (scattering enhancement ?)

In 2009 the UA9 test planned in the SPS will provide us
with the final word on crystal collimation for future
hadron colliders
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