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LHC Project Report 918 (2006):
“The basic idea of crystal based collimation for the LHC is 
to use bent crystals for channelling and extracting the 
halo protons at 6 σ from the central beam orbit onto a 
special absorber where they hit with large offsets (impact 
parameters).

Due to large extraction angles and high impact 
parameters the extracted halo protons can in principle be 
efficiently removed from the LHC beam.

For example, a channelling and extraction efficiency of 
90% would leave 10 times less load on the standard 
collimation system, enhancing its performance by a factor 
of 10”.                        

Мотивация исследований







Введение: эксперименты в 
ИФВЭ, BNL, FNAL 



Эксперимент в ИФВЭ по изучению 
многооборотного вывода протонного пучка из 
ускорителя У-70 с помощью короткого 
изогнутого монокристалла (1997-2001)



Схема эксперимента на У-70

Малый угол изгиба кристалла    (~ 0.5 – 1.0  мрад)

Малая длина кристалла вдоль протонного пучка

Многократность прохождения протонов через кристалл



Кристаллы-полоски (ИФВЭ)

Размеры  ≈ 3  x  1  x  60  mm3



О-кристаллы (ПИЯФ)

Размеры  ≈ 5  x  5  x  50  mm3



Установка кристаллов в кольцо У-70



Полученные результаты

Длина кристаллов по пучкуДлина кристаллов по пучку                         2             2--77 mm mm

Эффективность выводаЭффективность вывода                                       20             20--8585%%

Интенсивность выведенного пучка Интенсивность выведенного пучка       ~1x10~1x101212

Радиационная стойкостьРадиационная стойкость                                             ~10 ~102020
(продолжает работать с эффективностью (продолжает работать с эффективностью ~ 40%~ 40%))



Crystal collimation at RHIC 
(BNL-IHEP, 2001-2003)



Crystal collimation at RHIC

STAR



“Volume capture occurs when the crystal angle is 
between 900 and 1200 μrad. At these angles, the particles 
are not aligned to the planes upon entering the crystal, 
but can scatter into the planes after traversing some 
distance in the crystal”.  Phys.Rev.ST, 9, 013501 (2006)

40 turns

Crystal collimation at RHIC



Crystal collimation at RHIC
(slide from report of A. Drees to CC-2005 at CERN, March 7-8, 2005)



Crystal collimation at RHIC
(slide from report of A.Drees to CC-2005 at CERN, March 7-8, 2005)



Crystal collimation at Tevatron ring 
(Fall 2005)
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CRYSTAL ANALYSIS AND REPLACEMENT
Suspicious strip crystal and unstable goniometer were 

removed from the tunnel in December 2007 after 
several unsuccessful attempts during the year. 
After cooldown, the crystal was shipped to Italy 
last week for its analysis.

The O-shaped crystal of successful studies of 2005 
was shipped to Europe in January 2008 for its 
characterization.

Analysis with 2-MeV He+ ions performed by V. Guidi 
at Ferrara, INFN, has shown that quality of the 
surfaces is very good, and it needs no treatment.

 X-ray measurements of bending angle and miscut 
angle with 5% accuracy performed by Yu. Ivanov, 
PNPI; the angles are 0.41±0.02 mrad and 
1.6±0.1 mrad, correspondingly. 

The crystal received back in April and is now 
installed in the Tevatron tunnel.

5mm

Beam Direction

“Successful” 0.44mrad O-shaped
crystal of 2005-2006 studies

“Unsuccessful” 0.15mrad strip
crystal of 2007 studies
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E0CH COUNTERS

S. Shiraishi, R. Tesarek



Crystal Channeling Workshop – CERN, March 24-27, 2009 T980 Experiment -  N.V. Mokhov 2121

FIRST T980 BEAM TESTS (1)
 

Sept. 14, 2008: First End-of-Store (EOS) study (3 hours) with the new setup: 
 aligning crystal
 first angle scan produced channeling results!

Sept 14, 2008 - 2urad scan - abs(le033-pin)
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BOS Crystal Collimator Review, Feb. 4, 2009
Chaired by Roger Dixon with AD, CDF and D0 representatives on the Committee: review the progress of 
T980 and determine whether the experimenters should be allowed to insert the crystal into the 
Tevatron beam at the beginning of the collider stores.
The studies since September 2008 have demonstrated that the crystal 
can be moved into the beam without causing undo losses. In addition, 
there is some evidence that the crystal could lower losses at CDF and 
D0.  To make further progress the group has asked to put the crystal in 
at the beginning of a store.
It was agreed that the beginning of store studies should be initiated at the discretion of the Run 
Coordinator. The goal of these studies should be to establish normal operating parameters and to more 
effectively determine the performance of the crystal.
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New Vertical Goniometer Location

33.115 m

23.731 m

Remove B2-3 dipole Install new goniometer here
Alternate crystals without breaking vacuum !
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Plans for 2009 through Beginning of 2010
 1. Continue BOS aiming at convincing reproducible loss reduction in the machine, CDF and D0; first, fix 

the angular drift problem for the entire store (15-20 hrs vs  2-hr EOS), insulate goniometer if 
heating is the problem.

2. Investigate alternatives to Flying Wire for beam profile measurements. 

3. Install the new vertical goniometer at E0 ~2 m upstream of the horizontal one; in September 2009 
start beam tests with it; study performance of alternating crystals of two different technologies: O-
shaped (channeling) and multi-strip (VR).

4. Start two-plane beam cleaning with horizontal and vertical crystal collimators simultaneously.



X-setup to check crystals at 
CERN



UA9 experiment at CERN SPS 



TAL

UA9
The underground experiment in the SPS

Approved by the CERN Research Board of the 3 Sept 2008

CERN

INFN

PNPI

IHEP

JINR

SLAC

FNAL

LBNL

Goals:
 Demonstrate loss localization
 Measure channeling and collimation efficiency
 Measure the single particle dynamics (later ?)



UA9 layout

tank
IHEP 
tank

RP1 RP2
TAL (tungsten)

600x30x30 mm

3

Installed

Installed



RD22 tank



RD22 tank



RD22 goniometer



RD22 tank with goniometers and  
thin target



Layout of the RD22 tank
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Laser table for crystal alignment
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Crystal alignment table



crystals



RP1 (the CERN roman pot)

RP2 

RP1 



Silicon strips for UA9



















TAL (secondary collimator)



TAL (secondary collimator)



Cerenkov detectors for UA9



Quartz, lihgt pipe and PMT



Test of Quartz with 1 GeV protons



Collimator tank with viewport for 
Cerenkov detector



Quartz in and out the beam
and PMT



Collimator tank with Cerenkov



 Background will be studied when 
SPS will start (after April 20, 2009).

Improvements of setup is planned to 
do on May 25, 2009.



Beam loss and scintillator counters

C1 C2

C3

C4

BLM
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BLM BLM

























Our Goals

Ralph Assmann 67

• Experimentally assess the cleaning behavior of a bent crystal, acting as 
primary collimator  Understand crystal as primary collimator.

• Do this with parameters relevant to the LHC such that we can extrapolate 
SPS crystal results to the LHC regime. This leads us to variations in a 
number of parameters.

• Mostly interested in losses around the ring, in particular losses in the SPS 
magnets. Therefore we put the focus on the loss measurements with 
Beam Loss Monitors (BLM’s). Also interested in Roman Pots.

• Approach very successful for LHC collimator tests with loss maps.

• Want to prove that we can reproduce in simulation the measured losses 
in the accelerator with a bent crystal as primary collimator.

• Not so important to minimize losses, as long as we can get reliable 
measurements, proving that we understand the crystal physics and 
cleaning process.



From SPS/Tevatron Measurements towards 
LHC… (My Guess for Discussion)

Ralph Assmann 68

• SPS/Tevatron: 
– Characterization of crystal as primary collimator with stored beam and 

diffusive beam halo.
– Verification of predictive tools and models.

• LHC predictions:
– Based on experimental data predict LHC collimation performance with crystal 

enhancement (at the moment simulations look promising).

– Based on operational experience predict operational efficiency with 8 crystals 
for the LHC.

• Based on predictions, decide. If crystal upgrade confirmed: 
– Start prototyping of LHC crystal.

– Modify cleaning insertions to implement power dump etc. 

– Test, produce all, install and commission.

• Timeline: Phase II upgrade of the LHC (2016?) or before?
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