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Crystals in the LHC
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1997-2001 — BbICOKO3(P(PEKTUBHBIN KPUCTAJUTMHECKUIA BbIBOA U
KOJI/IMMaLMS NMPOTOHOB Ha ¥Y-70 B UDBD

2002-2006 — nccnepoBaHMe KaHaIMPoOBaHMUA U 06bEeMHOIro
OTPa)KEH!SA NMPOTOHOB B U3OrHYTbIX KPUCTaJ//IaX Ha YCKOPUTENAX
NMNA® n UGB

2006-2009 — nccnepgoBaHue KaHaJIMpoBaHUSA U 06bEMHOIO
OoTpaxeHMs Ha BbiBeAieHHbIX ny4ykax B CERN

2009 - 2012 — uccneaoBaHMe KPUCTAIZIMUECKOW KOJUTMMaLMK Ha
uUMpKynupyrowmx nyuykax yckoputensi SPS B CERN

B npoekte UA9 6bI1I0 NpeasIoKEHOo
MCNOJIb30BaTb BO3MOXXHOCTb KaHaJIMpOBaHUA
M 06bEMHOro OTpaKeHUsi NMPOTOHOB BbICOKOMW
3HEpruM B M3O0rHYTbIX KpUCTasuiax C LUenbilo
ycTpaHeHus rano uupkynupyrwouwmx B LHC
Ny4YKOB MNPOTOHOB, UYTO KpaWHe BaXXHO ANs
nJaHMpyeMoro nosbileHusa ceetumoctu LHC.

CoTpyaHnuyecTBo NoOBI-NMNAD 3aHMMaerT
nauaupyoume nosvumm B Mupe B
uccneaoBaHMM M NMPaKTUYECKOM NMpPUMEHEHUM
KPUCTAJUI0B ANA  YynpaBJ/IeHUs MNPOTOHHbIMU
nyykamu.

Cepusa 3KCNEepUMEHTOB, BbINOJIHEHHasA
konna6opaumen UA9 B LIEPH Ha BbiBegeHHbIX
M LUUMPKYIMPYHOLWMX nNy4dyKax yckoputensa SPS
noaTBepaAvsia NepcneKTUMBHOCTb 3TOro Meroaa
Ansa konnmMaumm nydykos B LHC.

MpuHaTO peweHn 06 ycraHoBke B 2013 ropay
npo6Houn CUCTEMDI KPUCTaJIZIN4ECKOMn
KOJ/U/IMMaLMM HernocpeacTBeHHOo B konbue LHC.



3aAauum KoJuiMmMauuum

- PapuaumoHHas 3awmTa o060pyaoBaHUA YCKOPUTENS:
norsioweHne NoTepsiHHbIX aAPOHOB B XOPOLUO onpeaesieHHbIX
MecTax

* LenocTtHOCTb CBepXnpoBOoAALLMX MAarHUTOB: NpeaoTBpalleHue
nepexona MarHUToB U3 ceepxrnposoasllero CoCrosHmnda B
HOpPpMaJibHOE B pe3yJjibTaT€ NOHN3adLMOHHbIX NOTEPbL
noTEPAHHbIX YHaCTUL

* OnTuManbHbie yCnoBus ans pusnuyecknx nccnegoBaHumn
(MaKCMMyM COOTHOLUEHMUA CUrHasl/(POH): KOHTPONb (POHA OT
NMY4YKOBOIO rasio B 3KCriepuMeHTax



Principle of Beam Collimation
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Collimation with small gaps

LHC beam will be physically quite
Injection Jaw opening  close fo collimator material and
—_— = collimators are long (up to 1.2 m)/

* Precision positioning

* Risk of damage to collimators!

~ 12 mm

* Beam electro-magnetic fields

interact with the collimator

|

3 Bl Machine impedance
increases while closing
collimators.

LHC will operate at the
impedance limit with
collimators closed!

material!

Top energy



Crystal collimation concept _,,

<Bzmcs ~ 36 urad (7 Tev)
UA9 MISSION: investigate bent crystals as =
primary collimators in hadron colliders.

Crystal <65 ~ Olpend
. : : (Channeling)
a Mechanically bent crystal instead of amorphous primary deflector. (3 mm Si) <B>optimal ~ 40 urad (7 TeV)

R.W. Asemann, 5. Redaelli, W. Scandale, “Optics studies for a possible orystal-

0 Particles are subjected to a coherent interaction (channeling): based wolimation syster forthe LLIG". EPAC 2006
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UA9 layout in 2012

~453m , Ap =60° ~ &7 m, Ay =90° ~ 60 m, Ap =90°
w
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Loss rate reduction in the crystal area

0 Large loss reduction factor from
“amorphous” to “channeling” orientation

¢ 5-+20x reduction for protons
3+ 7x reduction for Pb ions

Collimator (W, 60 cm)
Roman Pats + Best performance using a 1 mm long crystal
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Extraction efficiency
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0 Efficiency = Nyeecteq / Nn:wsta!

1 Assumptions:

¢ the number of particles intercepted by a moving object is
proportional to the loss rate downstream the object

¢ N, ..., IS proportional to the losses when intercepting
the whole deflected beam

¢ N_. .. Is proportional to the losses when the collimator is

crysta

the primary aperture
[0 efficiency for protons: 70

O efficiency for Pb ions: 50+70%




Reduction of the off-momentum halo population

Scraper aperture = 30 0
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O excellent correlation with the losses observed at high-dispersion and at the crystal

O 2 -+6x reduction for protons (less than in crystal region)

O 3+ 10x reduction for Pb ions (equal to crystal region reduction)
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Loss maps

Loss maps are beam loss monitor rates registered along the accelerﬁgr.
1";'\

J Loss map measurement is not trivial in UAS:
+ the SPS BLM system is optimized for high-intensity operation in pulsed mode
+ UAD operates at low intensity and low loss rate.

1 Loss map measurementin 2011:
+ intensity increased from 1 bunch (I =1.15 x 10" ) to 48 bunches,

# Clear reduction of the losses in the Sextant 6 next to the experiment \

3d Loss map measurement in 2012:
+ total intensity: 3.3 x 10", 4 x 72 bunches with 25 ns spacing

< Loss reduction in the entire ring (in the reliable BLMs}/
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Halo profile “far from the crystal”

0.02

Crysta

goniometer

I Collimator I

Scraper
(W, 10 I:m I
Roman Pot &

Roman Pots
(Medipix) (Medipix)

Absorber
) Pb ions aperture
[ i |TAL@-I.4B¢|
- Crystal 4 in amorphous |
__ Crystal 4 in channeling ;
- kP : O new scraper upstream the crystal
:— E"' a linear scans of the scraper with crystal in
- )#,\lr | channeling and amorphous position
- T
- ,H!h" ol T O BLM signal close to detector baseline
N g
— lp.w“'#m a2 BLM rate reduced with Pb-ions

angt IS
B B “memmﬁ*‘ﬁ
30 2 a s =

Scraper position [o]

14




Toward installation in LHC

Qln September 2011, a letter of intents was presented to the LHCC,
asking to extend UA9 to the LHC:

¢ new experiment ( LUA9 ) recommended by the LHCC and accepted
by the accelerator directorate

¢ goals:
» demonstrate the extraction of the beam halo in the LHC

« measure the possible improvements with respect to standard
collimation

¢ the UA9 Collaboration together with the LHC collimation team
(leader S. Redaelli) will conduct the test.



Toward LHC: layout

~ H & V crystals
Q Layout of the LUAS experiment

< only one beam (beam 1)

# two crystal (horizontal and vertical)

# two detector stations (horizontal and vertical)
o Mini-Roman pot with a segmented detector
o Cherencov detector in vacuum

< initially/later:
e o test at steady/ramping energy
[¥ick 315 urad In TCPARLT . . 2
e 450 GV ‘ ] o standard collimation system in-place/retracted
uﬂlu-]'h-!.

LI0E® ¢

e Q Crystal located close to the primary collimators

(see arrow):

SOED ¢

O extracted beam absorbed by a secondary collimator

) 1850 wEC S 200 s mw O highest radiation area, tight space allowance
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Toward LHC: R&D for a goniometer

a Acceptance for channeling defined by the critical angle 8, = *«."IZUDEE =24 yrad (7TeV)

0 Goniometer accuracy must be smaller than angular acceptance:

O Total angular range : =10 mrad
O "Resolution™ <0.1 prad
3 “Accuracy” < 1 prad
4 Maximum tilt inaccuracy: < 1 prad

# Linear resolution: 5 pm

 Total linear range: 40 mm

d Possible solutions

+ mechanical goniometer a la “SPS (IHEP, Russia)” has resolution < 10 urad

+ mechanical device developed by industrial partner CINEL for the SPS:
= static resolution and accuracy meet the LHC specifications

= test on going to assess accuracy in dynamic regime

+ piezoelectric device under development in collaboration with industrial partner
ATTOCUBE.



Crystal damage

Q Radiation resistance:

IHEP U-70 (Biryukov et al, NIMB 234, 23-30): 70 GeV protons, o
10™ p every 9.6 s, several minutes irradiation, channeling efficiency unchanged
¢ NA48 (Biino et al, CERN-SL-96-30-EA): 450 GeV protons, 2.4 s spill of 5x 10?2 p

every 14.4 s, one year irradiation, channeling efficiency reduced by 30%
¢LHC: 7 TeV protons, 3 x 10' p perfill

¢ test HRMT16-UA9CRY under approval at HiRadMat facility:

=l @
[
« 440 GeV protons, max 288 bunches, 1.7 x 10" protons - — E!J
bunch F:!;ﬂ«_t_)__ . T f—---:fj‘-]
iR l‘::i_:i{‘; u!
* intensity comparable with worst accident scenario in LHC — =
(asynchronous beam dump) e —__f;-_‘:i_l_j__—_%
f:___l__ ___:_E_:":'::-::Z::’(II
+ Simulation with only beam energy and silicon heat capacity): I W ‘
AT = 5 K per bunch, Teng after ~ 280 bunches o
axperiment has been performed and no sign of damage were observed in the irraﬁﬂia_teﬁl:'r? = —-—



Conclusion

0 The UA9 experiment is studying the possibility to use crystals as primary obstacle in
collimation systems.

¢ Test beam measurements demonstrate the possibility to efficiently deflect
particles at high angles using bent crystals.

4 Using a prototype crystal collimation system in the CERN-SPS:
» collimation of the beam reliably obtained for proton and lead ion beams

* |losses in the collimation system and in the closest high dispersion area
reduced when using a crystal target instead of an amorphous one

+ new measurements to estimate loss reduction in the whole accelerator ring
and to optimize the parameters of the system

¢ The team is preparing the installation of a minimal crystal collimation system in
the LHC.



NMy6nukaunn 2012

* W. Scandale et al., Strong reduction of the off-momentum halo in crystal
assisted collimation of the SPS beam. Phys. Lett. B, 714 (2012), 231-236.
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MHTEHCUMBHOCTb:

I~ 102-103 p/cek

PasMmep Ha MULLEHM:

o~ 10 MKM

PacxoauMoCTb:

o ~ 20 MKpapa

Pasmep B 5 M OT MULLEHMU:

o~ 100 MKM



XonoaHas 3uMma 2012
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