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Opportunities for in-kind contributions
OPTIONS

_g Additional low impedance collimators 4.5 MCHF 2023; in time for installation in LS3 Russia

§ Additional tertiary collimators 4.5 MCHF 2023; in time for installation in LS3 Russia

%Wr protons 6 MCHF 2029; in time for installation in LS4 _IHEP-PNRI2—=>

F Crystal collimation for ions 1.5 MCHF 2023; in time for installation in LS3 IHEP-PNPI7——

8 Hollow electron lens for beam halo removal 7-20 MCHF 2023; in time for installation in LS3 (2024-2025) BINP

8 Second half of Crab Cavities 24 MCHF 2029; in time for installation in LS4 BINP?
Inclinometer for vibration measurements 0.5 MCHF 2019; in time for installation in LS2 JINR
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23.04.2018, CERN. 3acegaHune Komuteta no cotpyoHudectsy Poccua-LIEPH (5+5):
"Status of the HL-LHC accelerator project and provisional Russian in-kind contributions".
. nepecnan Bce matepuansl [.B. TpybHMKOBY U yBEPEH, YTO OH B CBOEM BBOHOM
CIloBE€ OTMETUT OCHOBHbIE NPEANOXEHUS POCCUNCKUX OpraHu3aunun, a noTomM Mbl UX
ocopmumM B BUae obuiero gokymeHTa nu Hanpasum ©. bopapu ans paccMOTpeHUsI...»

Crystal collimation at LHC
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ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE (CERN)
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

Addendum No. P109/AXY
to

THE 2013 PROTOCOL CONCERNING SCIENTIFIC COLLABORATION

between

THE EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
(CERN)

and

THE NATIONAL RESEARCH CENTRE KURCHATOV INSTITUTE
(NRC-KI)

to

THE 1993 CO-OPERATION AGREEMENT BETWEEN THE GOVERNMENT OF
THE RUSSIAN FEDERATION AND CERN

concerning

Collaboration in the Research and Development of Crystal Devices for the High
Luminosity LHC Project
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CE R N B u I I et I n Issue No. 49-50/2015- Monday 30 November 2015
More articles at: http://bulletin.cern.ch

CRYSTALS CHANNEL HIGH-ENERGY
BEAMS IN THE LHC

Bent crystals can be used to deflect particle beams, as suggested by E. Tsyganov in 1976.
Experimental demonstrations have been carried out for four decades in various laboratories
worldwide. In recent tests, a bent crystal inserted into the LHC beam halo successfully
channelled and deflected 6.5 TeV protons into an absorber, with reduced secondary irradiation.

@

Quasimosaic crystal for the LHC (developed by PNPI). Strip crystal for the LHC (developed by INFN).
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LHC-type Quasimosaic crystals _—Ready for installatior—,
tested in 2015 - 2017

QMP52 - installed into LHC in February, 2017
changed for ACP76 in February, 2018

- . . - — = —

_______

Installed to LHC 2016-2017 YETS

QMP53 —installed into LHC in February, 2017

_ Efficiency, % _
Deflection +3 mm Y pos. cut Torsion Stability
Crystal Runs angle, urad +8 urad X ang. cut urad/mm At 250 °C
= L me Protons 400 GeV/C | pions 180 Gev/c | * 1 urad/mm
QMP46 2018-2017 56 71 68 0 OK
Qam QMP54 2015-2017 56 70 68 0 OK
QuasiMosaic | qmps2 | 2015-2016 55 70 65 0 oK
QMP53 2015-2016 55 69 66 0 OK
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LHC-type Anticlastic crystals tested in

October 2017 — September 2018

* TCP76 — installed into LHC in February, 2018

TCP76  TCP77

ACP79 ACPB0D ACP84

ACP85 ACP86

Efficiency, %

_ Deflection +3 mm Y pos. cut Torsion Stability
Crystal Runs angle, ur;ad +8 urad X ang. cut urad/mm 3t 250 °C
+ 1 ur 5
e Pions 180 GeV/c + 1 urad/mm
TCP76 Oct.-Dec. 2017 50 £2 70 0 OK
TCP77 Oct.2017-May 2018 50 70 5 OK
ACP79 April-May 2018 49 69 0 OK
ACP pril-May
AntiClastic | ACP80 Sept. 2018 57 67 0 OK
PNPI crystal ACP84 Aug.-Sept. 2018 52 68 0 0K
ACP85 Aug.-Sept. 2018 49 68 0 OK
ACP86 Aug.-Sept. 2018 56 (519 0 OK
25.12.2018 YyeHbinn CoBetr OOBO INMNAD 7




Present layout

Four crystals installed in the LHC: two per beam, one per plane

Same design specifications for all crystals, two different producers and technologies

Beam 1 Beam 2
Horizontal : Vertical Horizontal : Vertical
] I
Strip-INFN : QM-PNPI N.A. : N.A.
o I _ _ L
I I
I I
Strip-INFN | QM-PNPI QM-PNPI § QM-PNPI
I I
N | - - - —
StripINFN | QM-PNPI | Strip-PNPI | QM-PNPI
I I

Complete layout to allow thorough investigations and operational tests
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Issue No. 48-49/2018-Wednesday 28 November 2018
More articles at htip/ home.cermn/ cern-peopl e

CRYSTAL CLEANING THE LHC BEAM

In October, for the first time, crystal collimators were used to improve the
performance of the beam cleaning process at the LHC during a physics
run

7
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High-beta physics run at 450 GeV

» Promising results obtained during initial tests (crystal setup in about 15 minl)

Decided to have the crystals as a viable option for the real physics run

+ Operational sequences and beam process prepared for both collimation scheme
Easy handling by OP
NO NEED TO SCRAPING WITH CRYSTAL
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25.12.2018

From a thinking aloud in a Collimation Working Group to operations in about 1 month:

v" Intense simulation studies to optimize performance
v" Preparation of operational sequences and beam process for OP use
v Setup of the system in 15 min thanks to the knowledge acquired in MDs

First time ever that crystal collimation has been used operationally in a physics run!

v' Very efficient cleaning of halo (no need for re-scraping)

v Excellent physics data taking during long periods

v' Stable performance (retracted and inserted directly in channeling)
v Very important milestonel

Excellent results obtained with TOTEM for both background rate and distribution

v" Crystals saved the day when increased background for totem without need of re-align

v' Settings optimized for background rate
v Confident that also better distribution could be achieved

YyeHbin CoseT OPBI NMUAD
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Crystals helping slow extractlon

Circulating beam Septum foil

|
|
e & Electrode |

Positioning system Vacuum

Foil support

Schematic view of electrostatic septum
M. Paraliev (PSI), CAS 2017
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Shadowing of the SPS electrostatic septum
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~20% >4,0%
reduction reduction
in volume 097 in
reflection _ channeling
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Device built in few
months and
installed in ITS2
2018 by EN-SMM,
EN-STI, TE-ABT and
UAg

—— 75 BLM's
—e crystal BLM

e
o
I

| 1 I | I |
-300 -250 -200 -150 -100 -50 0 30
crystal angle [urad]

Demonstrated reduction of the losses in SPS of ~20% in VR and > 40% in CH
T Successfully test in operation for 12 hours with constant loss reduction
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MynbTU-KpUcTananyecKkas cbopka

OCHOBHbIE XapaKTepUCTUKU:

* MOHONUTHbIN AM3alH 6e3 perynmpyrowmx BUHTOB

* Bbicokas ctabunbHoCTb U3agenus npu Harpese Ao 250°C
* NaeHTUYHOCTb M3rnba oTaeNnbHbIX KPUCTaNN0B

25.12.2018 YyeHbin CoseT OPBI NMUAD 15



OnTMMaibHaa KOMMOHOBKA MY1bTU-KPUNCTAJ1J1d

Ob6ecneueHue [0BOPOTa KaXKA0ro NOCneAyoLLero KpUctanna Ha yron Oy p:
« SPS 180 GeV: Oyp =~18urad
« SPS450 GeV: Oyp ="~12urad
« LHC6500GeV: Oy ="~3.5 urad

CYMMapHbIN Yyron OTKAOHEHUA MY/IbTUKPUCTANNA:

3 Crystals =3 - Opg

25.12.2018 YyeHbin CoseT OPBI NMUAD 16



OnTnyecKkaa HacTpOMKa

* PaspaboTtaHa meToamKa HAaCTPOMKU U KOCTUPOBKU MynbTU-cOOpKK bes
nyyka

* beCKOHTaKTHbIN ONTUYECKMN METO, HAaCTPOMKU

* BO3MOXHOCTb BbICTPOMKMK yIr/1a KPUCTANNOB APYr OTHOCUTENbHO Apyra
Ha ypoBHe 1-2 mKkpapg

25.12.2018 YyeHbin CoseT OPBI NMUAD 17



[lpoBepKa Ha H8 nNy4yKke noHos ceMHLA 150 AGev

* LLInpokaa ob6nactb mynbTMOH6BHEMHOTO OTPaXKEeHUA OT 3 KPUCTaNIOB

25.12.2018

Deflection angle X, urad
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[lpoTOTUN KpUcTanmna ang
BbiBOAa 3B nyykos

25.12.2018 YyeHbin CoseT OPBI NMUAD

19



HO,I[FOTOBKa KPUCTAJVIMYCCKHUX 06pa3u03 U U3YUCHHUS 3aBUCUMOCTH
XAPAKTCPUCTHUK KPUCTAJIJIOB OT 3HAUYHUTCIIBHBIX 103 O6JIY‘I€HH5[

3A[AYA: [[pMeHeHue KPpUCTaNios 417 KPUCTAIMYeCKOn
KOIIMMALIMU U B CUCTEME BbIBOZA MYy4YKa CONPAMXKEHO C
6onbwrmu o03amu 061yHeHUA YacTUL, BbICOKMX IHEPTUNA.

BOINPOC: UcchepoBaHue BAUAHUA BbICOKUX 403 Ha
MUBYUECTb KPUCTA/I/IOB U COXPAHEHUA UX XapPaKTEPUCTUK:
yrna oTKAOHEeHUA U 3G HEeKTUBHOCTH

O6nyyeHUe KPUCTaN/IOB NPOTOHHBIM NMyykom (2018)
BLIP (Brookhaven Linac Isotope Producer)

B maGopaTopHH MOATOTOBIEHEL:
20 kpHcTamwioB 40x2x1 mm

O6nyyeHMe KpUCTaNNoB HEUTPOHHBIM NMYYKOM (uioHb 2018)
SCK-CEN (Belgium), 5-10° 1/cm? 1 MeV eq neutrons

B 1aGopaTOpHH NOATOTOBJIEHBI: A A
* 9 kpHcTamioB 40x2x1 mm

+ Kancyna mid o0nydeHHs —|

TecT H30THYTHIX KPHCTALIOB TecT H30THYTHIX KPHCTAJLIOB
Ha myake H8 B CERN 10 Ha nmyuke H8 B CERN mnocie
oGmy4eHHA (ceHTAOpH 2018)

o0my1eHHA (anpenL 201 8)

25.12.2018
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Pa3paboTka u H3roToBlIeHHE IBYXKPHUCTAIBHOTO PEHTT€HOBCKOTO
mudpakToMeTpa [T U3YUECHHS XapaKTePUCTUK U30THYTHIX KPUCTAIIOB

* PaspaboTaHa npeunsnoHHana aBTOMaTUYEeCKana YCTAHOBKA ANA U3YUEeHUA XapaKTEePUCTUK
M3O0TMHYTbIX KpUcTannos Ha 6ase LUEPH: yron nsrmba, MUCKaT yron, KpyueHue Kpucrtanna
* Ocyuwecrensaetca cOopKa yCTaHOBKM

WUccneagyembiit Kpuctann

MoHoxpomaTtopbl [etekTop
U3y4eHus
REHHEHOBCHIN ABTOKOA/IUMATOP

UCTOYHUK

\

6-ocesaa nnatdopma
NO3ULLMOHUPOBAHWUA KpUcTanna (rekcanoa)
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Cnacubo 3a BHUMaHue
n
C HoBbim Toaom !

YyeHbin CoseT OPBI NMUAD
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