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Crystal Channeling

November 8th, 2019 R.Rossi - SPS Experimental Layout 3

Lindhard: “In the hypothesis of low impact angle, the potential generated by 
the crystalline plane can be approximated by a continuous potential.”

Channeling : Transverse momenta < potential well

Critical angle

The channeling condition can be defined as
Potential (110)

Potential (111)
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Coherent effects in bent crystals
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(1) & (6) amorphous
(2) channeling
(3) dechanneling
(4) volume reflection
(5) Volume capture

Single pass 
measurements with 
400 GeV protons.
Strip crystal (110) with 
a bending of 144 μrad.

Volume Reflection (VR)

Dechanneling (DC)

Planar channeling (CH)The particles are trapped in the channel, hence
if a curvature is given to the lattice the
particles direction will be modified by θb = l/R



UA9 Instrumentation Layout
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Crystals

• 5 crystals can be installed in the experimental layout:

• 1 upstream tank with mechanical goniometer (can house 2 crystals)

• 1 downstream tank with piezo goniometer (1 crystal)

• 1 downstream tank with mechanical goniometer (2 crystals)
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Obstacles

• Massive obstacles to intercept/absorb the particle beam

• 1 double sided collimator (60 cm graphite, LHC-type), used to align crystals and 
other devices
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• 2 single sided absorber (60 cm tungsten), used 
to stop the channeled beam; one for the 
upstream crystals, and the other for the 
downstream ones.

• 1 double sided scraper (10 cm tungsten)

• 1 single sided scraper (10 cm graphite) -> to be 
changed with a tungsten target



BLM

• Beam Loss Monitor of the LHC-type are installed close to each 
device in the experimental area.

Used to investigate beam losses at given locations

Similar electronics and readout to LHC BLMs
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Cherenkov Radiators

• In-vacuum Cherenkov radiators are available in the layout

• 1 old detector is close to the 3 downstream crystals

• 1 so called “CpFM” is installed at very end of the experimental line, just upstream 
to the last absorber

Both need further improvements to be considered operational
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CpFM has been successfully calibrated with Xe beams [1]
F. M. Addesa



Medipix

• New design for a compact single sided Roman Pot (1 Medipix each) is 
under development for Run3
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• New Timepix3 sensors to 
be installed in these new 
Roman Pots

• New locations of interest 
for measurement 
scenarios have already 
been selected 

R. SeidenbinderF. Murtas

NB. 3 Roman Pots are still available and can be equipped with 6 Medipix in a secondary vacuum chambers, which 
can be inserted in the beam line to have an 2D online monitor of the beam



Achievements

• Channeling and crystal collimation setup achieved in 2012

• Crystal collimation studies carried in several configurations 

• Upstream collimators effect

• Absorber materials study

• Analysis of losses in dispersive area

• Channeled beam extracted from LSS5 to the NA extraction line in 
LSS2 in 2017

• Double channeling achieved w/ and w/o target in 2017-18
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Achievements - Channeling

Channeling has been observed as 
a reduction of local losses when 
crystal is well oriented with 
respect to beam direction.
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Demonstration of crystal collimation efficiency in the 
dispersive area downstream the crystal

Achievements –Crystal Collimation
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Dispersive 
Area [2]



Achievements –Crystal for Extraction

In 2017 also extraction for SPS was achieved 
with a crystal deflecting the circulating beam in 
LSS5.
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Abstract

The possibility of extracting highly energetic particles

from the Super Proton Synchrotron (SPS) by means of sili-

con bent crystals has been explored since the1990’s. The

channelling eff ect of abent crystal can beused to strongly de-

flect primary protons and hence direct them onto an internal

absorber or, with additional deflection elements, eject them

from the synchrotron. Many studies and experiments have

been carried out to investigatecrystal channelling eff ects. As

summarised in [1–4], extraction of 120 and 270 GeV proton

beams has already been demonstrated in the SPSwith dedi-

cated experiments located in the ring. At present in theSPS,

the UA9 experiment is performing studies to evaluate the

possibility to usebent silicon crystals to steer particlebeams

in high energy accelerators [5–9]. Recent studies on the fea-

sibility of extraction from theSPShavebeen madeusing the

UA9 infrastructurewith a longer-term view of using crystals

to help mitigate slow extraction induced activation of the

SPS. In this paper, the possibility to eject particles from the

SPS and into the extraction channel in Long Straight Sec-

tion (LSS) 2 using the bent crystals already installed in the

SPS is presented. Details of the concept, simulations and

measurements carried out with beam are presented, before

the outlook for the future is discussed.

INTRODUCTION

In view of the proposed Beam Dump Facility (BDF) [10]

and continuing requests for higher beam intensities for Fixed

Target physics, theapplication of bent crystals used in diff er-

ent configurationsandmodesof operation for slow extraction

arebeing studied [11,12]. Bent crystalsoff er promising solu-

tions for reducing the activation of the SPS LSS2 extraction

region that is induced by the small fraction of beam that

unavoidably impinges the electrostatic septum (ZS) during

theconventional resonant slow extraction process. As afirst

step in 2016, the slow extraction of a 270 GeV proton beam

into the TT20 extraction line towards the North Experimen-

tal Area of the SPS was demonstrated in dedicated Machine

Development (MD) sessions using the extraction septa in

LSS2 and a bent crystal, provided by the UA9 collaboration

as part of their experimental installation in LSS5.

∗ mfraser@cern.ch

EXTRACTION CONCEPT

The location of the bent crystals in LSS5 is 3.5 km from

the slow extraction channel in LSS2, which makes the ex-

traction process highly sensitive to the working point of

the machine. The crystals are positioned on the inside of

the ring and deflect inwards. Detailed studies [13] failed to

identify a suitable working point that provides the required

phase advance for the channelled beam to jump the wires

of the electrostatic septum, on the outside of the ring, on

the first turn. However, they did identify the potential of

the operational Fixed Target working point (Qx = 26.62,

Qy = 26.58) to extract the beam at the ZS on the second

turn, with a fractional phase advance of 252◦ . The extrac-

tion scheme chosen is shown schematically in Fig. 1, where

the electrostatic and magnetic septa (ZS, MST and MSE)

are shown, along with a dedicated Cherenkov for Proton

Flux Measurement (CpFM) detector installed upstream of

the extraction dump (TED) in the TT20 transfer line. The

channelled beam performs almost 41 betatron oscillations

before reaching the ZS.

LSS2	
TED 

Betatron motion 

not shown to scale 

QX = 26.62	

LSS5	

Bent crystal 

≈	175	μrad	

ZS, MST, MSE	

TT20	

CpFM 
detector	

SPS	

(extraction bump 

not shown)	

…a 10 km trip for 
the channelled 

beamlet from 

crystal to TED	

turn 2	

turn 1	

Figure 1: Schematic of the crystal-assisted extraction

scheme.

With the machine configured to store a single bunch at

constant energy, the transverse halo can be slowly and non-

ar
X

iv
:1

7
0

7
.0

5
1

5
1
v

1
  
[p

h
y

si
cs

.a
cc

-p
h

] 
 1

7
 J

u
l 

2
0
1

7

[3]
S. Petrucci

After one turn and a half in the machine the 
beam was extracted when a closed orbit bump 
was activated at extraction septum location in 
LSS2.



Achievements – Double Channeling

Double channeling of beam halo was achieved 
in 2017 [4].
Measurement with new crystals, and new 
configuration with target in front of second 
crystal achieved in 2018.
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Layout Overview

• The UA9 SPS experimental setup is present in the Long Straight 
Section 5 (LSS5) since 2012

• It involves a large number of devices, both beam obstacles and diagnostic 
instruments

• During this Long Shutdown (LS2) a new Dump facility is being built 
in the LSS5 pit

• For this reason all the devices and instrumentations had to be dismounted and 
stored outside the beam line

• Still, it gave UA9 the opportunity to rearrange the instrumentation layout in order 
to be more flexible for a larger number of measurements
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Layout modifications
1. First proposal is to swap crystal 5 (TCPC.51795) with Russian Cherenkov 

(TQCD.51794)
This will allow to install a new independent target (BSHV.51793) + crystal configuration, and an extra Cherenkov radiator 
behind the crystal

2. New XRP to replace the XRP0 (upstream the scraper/target) and XRP1, will 
reduce the space occupancy. 

3. The available space downstream of CRY3/4 (TECS.51799) could be equipped 
with one of the new RP
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Crystals bending angles can be adapted 
to the experimental scenario
NB. Piezo-Gonio TCPC.51795 has a limit for the 
crystal weight (as for LHC crystals)
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Scenario for ALICE studies
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can be useful for the measurement
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Additional scenarios
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Scenario for extraction studies
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Also CRY3/4 and CRY5 can be 
used in single channeling, using 
RP1 for the measurements

Scenario for Double Channeling w/ Tagging
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Conclusion and Outlook

• UA9 setup in SPS is ready for the Run 3
• The layout has been modified in order to allow investigations on different 

experimental scenarios

Open points:
Participation of IPN to the SPS tests in ’21/’22

Identification of the observables of interest

Evaluation of the existing detectors and their possible upgrade

Selection of the target

Estimate of the yield

Construction and implementation in the SPS pipe of the pneumatic motorization of the target
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Scenarios - Extraction
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Also CRY3/4 and CRY5 can be 
used in single channeling, using 
RP1 for the measurements



Scenarios – Double Channeling w/ Tagging
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FLUKA Simulation setup
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Beam:
SPS COAST p beams @ 270 GeV

Target:
W – 50 mm and 10 cm*
Cu – 50 mm and 15 cm*

*corresponding to 1 interaction length
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Proton beam



Σ+  Production energy

Highest Σ+  flux emerging 
with target 1 interaction 
length long.
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