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Motivation

Fixed Target (FT) Experiments in the MultiTeV energy range have been dreamt of since 
a long time.

+ The expertise gained by the UA9 collaboration and the LHC collimation team in the 
last few years in the manipulation of beams by means of bent crystals

+ The successful experimentation with crystals in LHC

might make that dream easier to realize.

At LHC energy in-beam FT seems now a more viable option than FT from extraction 
lines.

FT  experiments were one of the interesting topics of Physics Beyond Colliders.

Some colleagues from the ALICE collaboration asked our help to investigate an in-
beam FT  scenario from a crystal-split beam before the Alice detector.
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Coherent interaction beam/crystal
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istic Heavy Ion Collider and Tevatron has been conjectured
recently [6 ].

In this Letter, we report the study of the volume reflec-
tion effect with an ultrarelativistic proton beam. The study
was undertaken to provide a base for the development of a
crystal collimation system for the CERN Large Hadron
Collider in order to reach its highest luminosity. Another
goal of the study was to extend the investigations made at
the Institute for High Energy Physics (IHEP) with strip
crystals [7] and more recently at IHEP and the Petersburg
Nuclear Physics Institute with quasimosaic silicon crystals
successfully used in the channeling mode for the first time
[8].

Channeling is the particle confinement between crystal-
line planes occurring when a particle hits a crystal with
momentum nearly parallel to the atomic planes, and its
transverse energy does not exceed the depth of the poten-
tial well U0 between the planes [see Figs. 1(a) and 1(c)].
Channeled particles perform an oscillatory motion with
period ! that depends on the particle momentum and the
planar potential (tens of micrometers for ultrarelativistic
protons in silicon lattice). In a bent crystal, a centrifugal
term, proportional to the curvature, reduces the potential
well. For moderate bending, the potential wells are pre-
served, and the channeling remains effective [see
Fig. 1(b)].

A particle with a large transverse component of the
momentum cannot enter the channeling regime at the
crystal surface but may arrive at a tangency point with
the bent crystallographic planes while crossing the crystal.
Here two effects may take place [Fig. 1(b)]: either the

particle partially loses its transverse energy and gets
trapped into the channel (volume capture), or its transverse
direction is elastically reversed by the interaction with the
potential barrier (volume reflection).

Volume capture scales with the particle energy E ap-
proximately as E!3=2 and thereby is less probable at high
energies where volume reflection becomes the dominant
effect. Almost all particles are then subject to volume
reflection, resulting in a transverse kick that deflects
them externally with respect to the center of curvature of
the crystalline planes [Fig. 1(d)]. Numerical simulations
predict that relativistic protons interacting with a bent
silicon crystal may be reflected with a deflection angle
up to 1.5 times the critical angle "c" #2Uo=pc$1=2.

An experiment was carried out with a 400 GeV proton
beam from the CERN Super Proton Synchrotron H8 ex-
ternal line, which had a low divergence and an intensity
near 104 particles per second.

A sketch of the experimental layout is shown in
Fig. 2(c). It consisted of a high precision goniometer (G),
where the crystals under investigation were mounted, and
of various detectors to track particles. They were posi-
tioned along the beam line in the vicinity of the crystal
and in an experimental area at about 70 m downstream.

For the experiment, we prepared both quasimosaic and
striplike silicon crystals fabricated according to the tech-
nologies developed in Refs. [8,9 ], respectively. In the case
of the quasimosaic crystal, a bending device [Fig. 2(a)]
similar to the one described in Ref. [10] was applied.
Bending of the striplike crystal was achieved via anticlastic
forces in a specially designed holder [Fig. 2(b)] originated
from Ref. [11]. Results of measurements with these crys-
tals turned out to be similar. We present here results
obtained with a strip crystal and then very briefly compare
them to those with a quasimosaic crystal.

The strip crystal had (110) channeling planes bent at an
angle of 162 #rad along its 3 mm length in the beam
direction. The planar potential for (110) planes is U0 "
22:7 eV and corresponds to a critical angle of 10:6 #rad.
The multiple scattering angle of 400 GeV protons in this
crystal is equal to 5:3 #rad and, therefore, is small with
respect to the critical angle.

The H8 beam line was adjusted to provide a divergence
of #8% 1$#rad, smaller than the critical angle. The beam
spot size was of about 1 mm, i.e., of the same order of the
strip crystal thickness.

The goniometer consists of three high precision motion
units, two linear and one angular. With the linear motions,
the crystals were positioned with respect to the beam
center with an accuracy of several micrometers within a
range of about 10 cm. With angular scans, the crystals were
aligned with respect to the beam axis with an accuracy of
1:5 #rad within the full turn. To increase its mechanical
stability, the goniometer was placed on a special granite
table.

 

FIG. 1 (color online). (a) Periodic planar potential in a straight
crystal for positively charged particles. The arrows show a
channeled particle with oscillatory motion in the potential depth
and a nonchanneled particle, whose transverse energy is greater
than the depth of the potential well Uo. (c) Schematic represen-
tation of the particle trajectories in a straight crystal. (b) Periodic
planar potential in a bent crystal for positively charged particles.
The arrows show volume-reflected, volume-captured, and chan-
neled particles. (d) Schematic representation of the particle
trajectories in a bent crystal.
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Table 1.1: Critical angle (✓c), oscillation period (�) and critical bending radius (Rc) in
Si crystals (110) for several proton energies commonly used during UA9 and collimation
test in the SPS and in the LHC respectively.

Case Energy [GeV] ✓c [µrad] �[µm] Rc [m]
SPS coast 120 18.3 33.0 0.3
SPS coast 270 12.2 49.6 0.6
H8 400 10 60.3 1.0
LHC inj. 450 9.4 64.0 1.1
LHC top 6500 2.5 243.2 15.6
LHC top 7000 2.4 252.3 16.8

approximation (Eq. 1.4). For details see [5]; following, the solution equation is
shown:
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where the oscillation period is � = ⇡ dp

✓c
. It can be concluded from Eq. 1.11 that

a positive charged particle in channeling mode (and therefore with an entrance
angle < ✓c) crosses the crystal channel oscillating between the planes wall. In Fig.
1.4 a sketch of the particle trapped inside the crystal channel is shown.

1.2.2 Planar channeling in bent crystals

One may expect that in a slightly bent crystal the channeled particles would follow
the direction of the bent atomic planes, thus bending from the initial direction by
the angle of crystal bend. The possibility of such an effect and the proposal to use
it for steering high-energy particles beams were suggested by Tsyganov in 1976
[6]. In this paragraph, starting from the model of channeling in straight crystals
described in Par. 1.2.1, a model for the channeling in bent crystals is going to be
obtained. After that, the relative channeling conditions in terms of critical angle
and critical curvature will be derived.
Let’s consider the motion of a charged particle in a curved channel. For a macro-
scopical radius of curvature7 R (⇠ 1m) the bending of a crystal has no effect on

7For a standard Si crystal used in the SPS by the UA9 experiment the bending angle is
✓b = 176µrad, the length crossed by particles 2 mm and therefore the typical curvature radius
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Coherent effect in bent crystals
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Crystal Application: Collimation
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q Standard: The halo particles are removed by a cascade of amorphous targets:

1. Primary and secondary collimators 
intercept the diffusive primary halo.

2. Particles are repeatedly deflected 
by Multiple Coulomb Scattering also 
producing hadronic showers that is 
the secondary halo.

3. Particles are finally stopped in the 
absorber.

4. Masks protect the sensitive devices 
from tertiary halo.

q Crystal-assisted: Channeling in the particle-crystal interaction imparts large deflection to the primary halo:
1. The escaping particle rate is 

minimized.

2. The collimation efficiency is 
improved.



UA9 – Collimation in SPS

First and main objective:
Demonstration of the feasibility of crystal-aided beam halo collimation in high energy particle 
colliders such as the LHC. 

2009-2012 
• Collimation demonstration in SPS Long Straight Section 5 (LLS5)

→ Approval for installation of crystals in LHC
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At the beginning of each run the LHC collimator was centered
with respect to the closed orbit of the beam according to a proce-
dure described in [14]. It is important that with the two collimator
jaws the closed orbit is fixed during the measurements. The col-
limator half gap X1/2, typically of about 3 to 6 σx , determined
the reference beam envelope. After that, all the UA9 movable ele-
ments (crystals, MEDIPIX and TAL) were put just at the edge of the
LHC collimator shadow that is at the same initial distance (in σx)
from the orbit, using the readings of the closest beam loss moni-
tor downstream. This alignment procedure performed in each run
allowed controlling the mutual transverse positions of the UA9 de-
vices.

After the alignment of the transverse positions, all the elements
with the exception of one of the crystals and the TAL were moved
back to the garage positions at large distances (more than 30 σx)
from the orbit. The crystal in use was then moved closer to the
beam, while the TAL was additionally moved away from the or-
bit. In this configuration the TAL intercepts the particles deflected
by the crystal in channeling states at the same turn, still allow-
ing a free passage to the particles deflected by multiple scattering
in the crystal, therefore providing to them additional probability
of channeling in the following turns. In these positions, we started
scanning the horizontal angles of the crystal using the goniometer.

3. Experimental results

Let us consider the results obtained when the reference po-
sitions of the UA9 elements were selected using the LHC col-
limator with the half gap of X1/2 = 2.2 mm (about 4 σx). So,
the aligned positions of the crystal 1 and the TAL were X̄C1 =
X1/2(β

C1
x /βCOL

x )1/2 = 4.054 mm and X̄TAL = X1/2(β
TAL
x /βCOL

x )1/2 =
4.193 mm, respectively. For the measurements the crystal C1 was
moved towards the beam by 0.5 mm and the absorber TAL was
moved away by 1.5 mm. Their operational positions became XC1 =
X̄C1 − 0.5 = 3.554 mm and XTAL = X̄TAL + 1.5 = 5.693 mm.

In Fig. 3, curve 1 shows the dependence of the S1–S2 telescope
counts on the angular position of the crystal C1, during the go-
niometer scan. Curve 2 shows the result of a simulation performed
the same way as in [15]. The halo generated at the crystal azimuth
was characterized by an exponential distribution of the oscilla-
tion amplitude increase per turn. The particle passage through the
crystal was simulated using the model [16]. Linear 6-D transfer
matrices M(6,6) were used to transport particles from the crystal
to the TAL or to any other UA9 element and back. The agreement
between the experiment and simulation results is sufficiently good.
The angular dependence and its width are well reproduced.

The dot-dashed horizontal line in Fig. 3 shows the loss count
level for the crystal orientations far from the main crystallographic
axes and planes when it works as an amorphous substance (“amor-
phous” orientations). The number of particle passages through the
crystal before they either reach the TAL aperture or are lost due to
inelastic interactions is determined by the angular kick values due
to multiple Coulomb scattering in the crystal. A minimum appears
in the loss count at the goniometer angle of about −1700 µrad
(channeling orientation). For this orientation the fraction of beam
halo protons deflected by the crystal in channeling states avoid-
ing inelastic nuclear interactions is maximal: the beam loss de-
creases by five times with respect to the amorphous orientation
of the crystal in the considered case. There is a wide area of a
significant beam loss reduction (“shoulder”) on the right of the
minimum observed also in [9,10], which is due to volume reflec-
tion (VR) of halo particles in the crystal. The shoulder cannot be
explained by volume capture of protons in channeling regime be-
cause of its small probability (∼ 1%). Besides, the shoulder was
reproduced in our simulation even when Coulomb scattering of

Fig. 3. (Color online.) (1) The dependence of the S1–S2 telescope count on the angu-
lar position of the crystal 1; (2) The dependence of the number of inelastic nuclear
interactions of protons in the crystal on its orientation angle obtained by simula-
tion. The dot-dashed line shows the level of the beam losses for the amorphous
orientation of the crystal.

protons in the crystal causing volume capture was not taken into
account. The angular kick of protons due to volume reflection is
θvr = 22 µrad whereas the RMS multiple scattering angle in the
crystal is θms = 10 µrad. Therefore, in volume reflection mode the
particles perform a smaller number of passages through the crys-
tal to reach the TAL aperture than for the amorphous orientations
of the crystal. This reduces the total number of inelastic interac-
tions in the crystal. There is a second minimum in the expected
dependence represented by curve 2. This minimum is at an an-
gular distance from the channeling orientation about equal to the
bend angle (150 µrad). Its explanation is that for these specific ori-
entations, the whole VR region of the crystal is on the same side
relative to the beam envelope direction. Therefore, angular kicks
due to VR always increase the oscillation amplitudes of particles
and they more quickly reach the TAL.

The experimental scan (curve 1) presented here has no second
minimum and the minimum due to the channeling is not as deep
as the theoretical one (curve 2). This can be caused by some crys-
tal torsion producing different orientations of the crystal planes
along the vertical direction. In this case, the different vertical parts
of the crystal deflect halo particles in a different way and their ef-
fect is averaged. The vertical dimension of the crystal 1 is equal to
70 mm and the vertical beam size at the crystal location is charac-
terized by σy = 0.57 mm. Instabilities of the goniometer or of the
circulating beam can also cause a smoothing down of the main and
of the second peak. In other experimental scans, the second mini-
mum was indeed observed with both the C1 and C2. However, we
decided against showing these plots because they are less clear for
other sides. We plan to investigate this effect in more detail in fu-
ture runs.

To investigate the distribution of the deflected beam, the crystal
orientation was fixed close to the beam loss minimum detected by
the angular scan. The LHC prototype collimator (COL) was used to
slowly scan horizontal positions near the circulating beam. During
this motion the collimator eventually intercepted the beam halo
deflected by the crystal in channeling states and the loss detector
(BLM) downstream the collimator registered secondary particles
generated due to inelastic nuclear interactions of protons in the
collimator. Fig. 4 shows the dependence of the BLM signal on the
collimator position. The BLM signal value is proportional to the
number of protons intercepted by the collimator. The BLM signal
quickly increases when the collimator, moving from −9 mm up to
−7 mm, intercepts the beam halo deflected in channeling states
by the crystal. Then the signal growth becomes slow when the

W. Scandale et al., Phys. Lett. B 692 (2010) 78-82 
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Fig. 6. (Color online.) The image of the beam deflected with the crystal 1 (a) and its horizontal projection (b) obtained with the MEDIPIX detector. The crystal orientation
angle should be about θ0 = −50 µrad according to our simulation.

crystals, respectively. It should be mentioned that two other colli-
mator scans performed with the crystal 1 have shown larger de-
flection angles of about 200 µrad and, correspondingly, larger de-
flected beam widths and smaller deflection efficiencies of (64±3)%
and (65 ± 3)%, respectively. The only explanation of the observed
difference of the efficiency values and the deflection angles as well
as the deflected beam widths is a different crystal misalignment
with the beam halo during the measurements.

The nuclear loss rate in the aligned crystal registered in the ex-
periment was reduced by up to five times with respect to the crys-
tal amorphous orientation. This is an additional advantage of using
the crystal as a primary collimator. However, the nuclear loss rate
should be suppressed even more for the perfect crystal alignment
according to our simulation. It seems that the crystal imperfec-
tions (torsion for the strip crystals and anticlastic bending for the
quasi-mosaic crystals) can be the main reason of a larger nuclear
loss rate observed for the aligned crystal in the experiment. Fortu-
nately, they can be significantly reduced. Some adjustment of the
strip crystals during the measurements of the deflection efficiency
dependence on the vertical position with 400 GeV/c protons at
the CERN SPS North Area allowed reducing the crystal torsion up
to about 1 µrad/mm.

The experimental results have proven that the larger part of
the beam halo can be directed with a bent crystal onto the ab-
sorber far from its edge. The part measured in this experiment was
larger than 70% but it can be larger than 90% when all necessary
optimizations with the crystals and goniometers as well as with
the beam stabilization will be made. Besides the above mentioned
optimizations, the main goal of the UA9 future experiments is to
study how much this deep location of the halo on the secondary
collimator obtained with a crystal can decrease the beam losses
around the SPS ring. This requires using sensitive detectors inside
the SPS pipe. The measurements performed in the presented stud-
ies for the beam losses around the SPS ring far from the crystal in
its channeling orientation have shown a reduction of the losses by
about 30%, which is significantly smaller than the predicted one.
That can be partially explained by the low sensitivity of the de-

tectors. It seems that a straight measurement of the beam halo
inside and outside the TAL aperture behind it using the Cherenkov
quartz detectors, which have not a dead zone as in the case of the
MEDIPIX, may allow estimating the collimation efficiency with the
crystal as a primary collimator.
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UA9 – Collimation in LHC

YETS 2017-2018

2 goniometers installed to equip LHC-Beam2.

In 4 year Machine Developement channeling and cleaning performance assessment for 

– protons, Pb Ions and Xe Ions,
– at injection and at collision energies,

– during energy ramp and beam squeeze,
– and in collision.

First successful operational use during TOTEM and ALPHA physics run in 2018
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LS1 2013-2014 
Installation of 2 goniometers (horizontal and 
vertical) in LHC-Beam1 IR7

2015
Successful test of halo collimation in LHC at 
450 GeV and 6.5 TeV

W. Scandale et al. / Physics Letters B 758 (2016) 129–133 131

Fig. 1. (Color online.) The horizontal projection of the trajectory of a halo particle 
deflected by the crystal due to channeling at the bend angle α = 65 µrad (solid line 
up to the first horizontal TCSG1 and then by dot-dashed line to show the trajectory 
propagation in the case without the collimators): (a) for the beam injection with 
450 GeV/c, (b) for the maximum momentum of 6500 GeV/c. Dashed lines show 
the beam envelope for the crystal distance from the orbit. Vertical lines show the 
positions of the collimators TCSG and TCLA and the primary collimators TCP (they 
are not visible for the injection case because they were shifted far from the orbit 
for the measurements). The positions of BLM1 and BLM2 for measuring the losses 
in the crystal and in the first horizontal TCSG1 behind the crystal, respectively, are 
shown schematically.

Table 3
Relevant accelerator parameters.

Parameter BC TCSG1 TCSG2 TCLA1 TCLA2 TCLA3

βx (m) 342.98 141.22 338.96 161.71 66.20 64.12
σx (mm) 0.416 0.267 0.414 0.286 0.183 0.180
xim (mm) 3.2 16 8 2.5 −0.2
$µx from BC (2π ) 0 0.0443 0.3166 0.3425 0.3979 0.4456

suring the losses in the crystal and in the first horizontal TCSG1
downstream the crystal, respectively, are also shown. The relevant 
accelerator parameters at the azimuths of the crystal and the hor-
izontal collimators behind the crystal are listed in Table 3, where 
βx is the horizontal beta-function, σx is the RMS value of the hor-
izontal beam size (for the beam of 6500 GeV/c protons with the 
RMS normalized emittance ε∗ = 3.5 µm rad), xim is the impact pa-
rameter with the collimators for a particle deflected by the crystal 
with 65 µrad, and $µx is the horizontal phase advance between 
the crystal and collimators, TCSG1 and TCSG2 are two horizontal 
collimators behind the crystal.

Table 4
Collimator positions in units of RMS beam size.

Nominal Crystal MD

Injection (σx) Flat top (σx) Injection (σx) Flat top (σx)

TCP 5.7 5.5 out 8.0
TCSG 6.7 8.0 6.7* 8.0
TCLA 10 14 10 14
CRY out out 5.4 5.4

* TCSGs upstream of the crystal are in out positions.

Fig. 2. (Color online.) The dependence of the beam losses observed with the BLM1
downstream of the crystal (curve 1) for the injection case with 450 GeV/c protons. 
Curve 2 shows the dependence of the number of inelastic nuclear interactions of 
protons in the crystal on its orientation angle obtained by simulation.

3. Experimental results

A single bunch with 1011 protons was injected in our first run 
on the LHC collimation studies with bent crystals. At the begin-
ning all collimators of IR7 were placed at their standard injection 
settings: the primary collimators (TCPs) at 5.7σx , the secondary 
collimators (TCSGs) at 6.7σx and the absorbers (TCLAs) at 10σx . 
The crystal was aligned precisely to the circulating beam and set 
at the TCP opening. Then the crystal was moved by 0.5 mm (about 
0.3σx) towards the beam orbit to become the primary collima-
tor. In this position angular scans with the crystal were performed 
with the collimators settings listed in Table 4. As mentioned above, 
well-channeled particles do not experience nuclear interactions, 
therefore the channeling orientation of the crystal may be found 
through the beam loss reduction in the crystal. This loss reduc-
tion was indeed observed with the BLM downstream the crystal 
–  BLM1. Three angular scans were made and in all of them the 
crystal orientation for channeling was about the same. Two first 
scans were made with a goniometer rotation speed of 0.5 µrad/s
when all collimators upstream the crystal were in their standard 
injection positions. One scan was performed with 1 µrad/s rotation 
speed when all collimators upstream of the crystal were retracted.

For the last case, curve 1 in Fig. 2 shows the observed depen-
dence of the BLM1 count on the angular position of the crystal at 
450 GeV/c. The dot-dashed line shows the loss level for the crys-
tal orientations far from alignment with the (110) planes, when 
it works as an amorphous substance (“amorphous” orientation). 
The losses are normalized to the beam flux and the loss value for 
the amorphous orientation. Curve 2 shows the number of inelastic 
nuclear interactions of protons in the crystal as a function of the 
crystal orientation angle obtained by simulations. They were done 
with the tools described in [19] by adding also the interaction with 

W. Scandale et al., Phys. Lett. B 758 (2016) 129-133 
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ALICE detector

4

ALICE detector  (Run 3)

TPC: |hlab| < 0.9, Muon Detector: 2.5 < hlab < 4 

Run 3 and 4:  New Inner Silicon Tracker, A Muon Forward Tracker
 Continuous readout(*): 50 kHz in Pb-Pb, 200 kHz up to 1 MHz in p-p and p-A
(*)The feasible rate also depends on the detector occupancy in a fixed target modeF. Galluccio FTE@LHC kick-off meeting - CERN - 8.11.19 10

b1

View from inside LHC



ALICE IP Region – A possible layout
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A bent crystal deflects the beam halo onto an internal solid target located near IP2. 
An absorber downstream captures the non-interacting particles.

Beam 1

Target positions according space 
availability in ALICE detector 
@ ~5 m before IP2

Several positions for a crystal 
analyzed 
Crystal @ 72 m before IP2

Absorber @ ~120 m after IP2

Conceptual scenario developed  in the framework of PBC-FT working group.
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Particle trajectories for an internal fixed-target experiment: 
A bent crystal splits and deflects the halo from the circulating beam, and sends it on an internal target 
placed in front of the ALICE detectors; the non-interacting channeled particles are caught by an absorber
downstream; a safe distance is maintained between the channeled beam and the machine aperture. 

Constraints:

Bending angle = 250 µrad

Target @ 8 mm max from pipe center

Phase advance cry/target = 70÷90 deg

ALICE IP Region – Beam trajectories



Vertical split with tight constraints
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θ = 250 µrad -Target not reached

θ = -350 µrad - Aperture too small

θ = 350 µrad - Target not reached

θ = -250 µrad - Target not reached

Target @ 8 mm



From Conceptual to Operational

Layout optimization
• Acceptable distance of target from circulating beam (4 mm in IR3 studies)
• Acceptable crystal angle

à Vertical plane might become accessible to avoid asynchronous dump risk
à Full local collimation system might be needed

• Availability of beam line slots to be checked: preliminary integration study

Simulation studies
a. Compatibility with machine protection and collimation system
b. Comprehensive simulation of the system with beam loss assessment
c. Compatibility with parasitic run

d. Background control 
e. PoT fluxes simulations 
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Experimental preliminary studies

The recent experience with LHC collimation teaches us that a solid demonstrator in less constraining 
conditions is desirable before migrating the concept to LHC.

UA9 has an efficiently equipped set-up available in SPS where some useful measurements, like target 
background estimate, can already be performed in view of an internal FT experiment (see R.Rossi’s talk). 

UA9 set-up has a suitable target tank downstream crystals for  an à-la ALICE scenario, and it is already in 
the collaboration plans to test it.

The choice of the target (material and size) should be made soon, because the beam line reinstallation 
is imminent.

Some collaboration with  ALICE-FT study group would be mostly welcome.
Possible topics:
1. target choice
2. simulation of interaction of target with particles emerging from the crystal
3. simulation of background
a. test of pneumatic insertion target
b. implementation of extra detectors downstream target 
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Conclusion and Outlook

We have just set a starting point for a lot more work to come.

From experience of crystal collimation in LHC:
à accurate feasibility tests in an easier environment are preferable if 

not mandatory.

UA9 has now moved beyond collimation and it is ready to share its 
expertise for other challenging studies like those aimed to an internal 
Fix Target Experiment in LHC.

We hope that 
- there can be an interest from the ALICE experiment
- adequate resources and support can be found
in order to start a fruitful experimental collaboration soon.
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Expected luminosities

Achievable luminosities considering ALICE detector rate l imitations

9

Proton flux to be (re)considered from recent studies: 106 p/s (could potentially be increased to 107 p/s)
Decrease of the flux can be compensated by increasing the target thickness

eg: pC (Φ = 106 p/s, length = 1cm, Lint = 1.1pb-1)
Extraction of Pb beam with bent crystal needs further studies (crystal location (primary/secondary/tertiary halo), composition in terms
of species of the channelled ion beam…)

Assumptions: 

q ALICE runs the full year in fixed target mode
q Maximum readout rate considered 1MHz in 

pp/pA collisions and 50kHz in PbA
à higher rate could be envisoned in fixed-target

mode depending on detector occupancy (factor      
~2 Pb/Xe, factor ~10 pH)

CERN-PBC-REPORT-2019-001

Phys. Lett. B703 (2011) 547–551 (UA9 studies with Pb beam)
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