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icnonb3oBaHMe U30rHyThIX KpUcTannoB Anda Ny4YkoB
SPS n LHC, nepcnekTtuBbl UCMONb30BaHNA Ha
cuHxpoumknotpoHe NNA®

KO. M. /IBaHOB

Ceccusa YyeHoro Coseta OPBI MNNAD, 21 pekabpsa 2022



Konnumaumsa v BbiBog nyydkos LHC
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Ynpyroksasnmo3saundHbl gednektop anga LHC
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AHTUKNacTunyecknn gednektop anga LHC

 The design of single crystal devices and first prototypes were developed in 2017 for LHC
collimation experiment, the experiment was successfully carried out in 2018.
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HNednektop ansa seieoga LHC ny4ykoB




InekTpocrarndeckmun centym SPS

Crystals helping slow extraction
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OKpaHnpoBaHMe anekTpocTaTtudeckoro centyma SPS kpuctannom

Shadowing of the SPS electrostatic septum
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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




The 3-strip model to prototype multi-crystal device for SPS shadowing

* Three (3) silicon strips of Imm x 2mm X 54 mm dimensions from
commercial (110) silicon wafer Imm x 100 mm.

* Robust static design without adjustment screws and instability
sources.

« ldentical bending of crystals in a row.
« Controlled torsion of the crystals during assembly process.

» Contactless optical and X-ray procedures to check multi-crystal
array.

« Thermal stability up to 250°C confirmed for single crystals of _
similar concept developed by PNPI in 2017.
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g%ﬁf{;‘ﬁ:ﬁ;‘ﬁg&g@“ Cornawenve MMSI®-LEPH
A o CoTpygHuyecTse no HoBbin MemMopaHayM
nyukoB LHC Ha 2019-2022 MeaNIeHHOMY BbiBOAY C UA9 Ha 2022-2026
MOMOLLIbIO KPUCTaNs0B U3 (H8/M2 ny4ku SPS,
SPS Ha 2021-2023 BbiBOA U3 LHC/FCC,
(dopMmnpoBaHue
ny4ykoB MOOHHOIo
Bknag PO B LHC - Cornawenue o || Konnavaepa v ap.)

CoTpyaHun4yecTBe B pa3paboTke u

N3roToBJIEHNN KPUCTAJIJTUHECKUNX
/ CTaHLlMVI Ana KoiMMaumMm MOHHbIX

Bknag P® B LHC - nydkoB LHC Ha ?-2026

CornawueHue o
CoTpyAHu4ecTBe no
KOMMMaLUKU NPOTOHHbIX
ny4ykos LHC Ha ? - ?




Cornawenne P109/A23

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE (CERN)
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

Addendum No. P109/A23 / 7534~ 700 -C‘A(’/?

THE 2013 PROTOCOL CONCERNING SCIENTIFIC COLLABORATION
between

THE EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
(CERN)

and

THE NATIONAL RESEARCH CENTRE KURCHATOV INSTITUTE
(NRC-KI)

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

2019
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[lepBble WeCTb KpucTaninyecknx gedriekTopos, noarotosreHHbIX B paMmkax CornalueHus
[MTNAP-LIEPH o CoTpyaHuyecTBe no konnnmauum noHHbix nydykos LHC B 2021 roagy
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Cornawenne P109/A28

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE (CERN)
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

Addendum No. P109 / A28
NRC KI - PNPI ref: 362K-300-2/2021

to
THE 2013 PROTOCOL
CONCERNING SCIENTIFIC COLLABORATION
between
THE NATIONAL RESEARCH CENTRE KURCHATOV INSTITUTE
(NRC-KI)
and
THE EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
(CERN)
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 SPS slow extraction at CERN

2021



OcTtaHoBka CornaweHunn P109/A23 n P109/A28

OT: CumoHe [XunapaoHu

OTtnpasneHo: 05 anpena 2022 16:48

Komy: lOpun NBaHOB

Tema: Re: P109/A23 WP2 n P109/A28 WP1 B anpene 2022 .

YBarkaembin HOpun,
Cnacmbo 3a Balle NMUCbMO.

YTO KacaeTtca Ballero sonpoca o Tom, B coctoAHun am LUEPH npuHAaTb
YCTPOMCTBA, 0bpaTnUTE BHMMAHUNE, YTO, KaK YKa3aHO B HeAaBHEW Pe30oLUn
CoseTta rocyaapcte-yneHoB LUEPH, Bce obmeHbl poHAammM, matepmanamm u
NepcoHasiom NpuocTaHoBieHbl. COOTBETCTBEHHO, C COXaseHnem coobuwato
Bam, 4yto LLEPH B HacToAwee Bpems He B COCTOAAHUM NPUHATb 3TU YCTPOMUCTBA.

Ecnu 3Ta cuTyauma USMEHUTCA, MOXKHO Bbl10 Bbl PaCCMOTPETb BO3MOXKHOCTb
COCTaBNEeHUA HOBbIX JlONONHEHUIM MO 3STUM KOMMNOHEHTaM.

C Hanny4ywmmm noxKenaHmamum,
CumoHe u Jlynaxu



CornaweHune P109/A24

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE (CERN)
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

Addendum No. P109/A24
to

THE 2013 PROTOCOL CONCERNING SCIENTIFIC COLLABORATION

between

THE EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
(CERN)

and

THE NATIONAL RESEARCH CENTRE KURCHATOV INSTITUTE
(NRC-KID)

to

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

concerning

Collaboration in the construction and testing of Crystal Collimation Systems for
the High Luminosity LHC Project

2019



[TpekpawieHmne Cornawenns P109/A24

Geneva, 21 July 2022

Dear Dr. Gorchakov,

| am writing to you in respect of the non-fulfillment of PNPI's obligations under Addendum
No. 24 to the 2013 Protocol (P109) concerning collaboration in the construction and
testing of Crystal Collimation Systems for the High Luminosity LHC Project (the
‘Addendum”).

As you know, CERN, IHEP and PNPI signed this Addendum on 31 October 2019 and its
Amendment no.1 on 24 March 2020, to further detail the parties’ contributions, including
the purchase by CERN of materials required for the fulfilment of IHEP’s obligations under
the Addendum.

During the 44th meeting of the CERN-Russia Committee held on 29 November 2021,
CERN highlighted that the delays were in danger of severely impacting the progress of
the High-Luminosity Upgrade project and the subsequent execution of LHC Run 4.

Given the unresolved delays to the execution of IHEP's contribution under the Addendum
and despite numerous exchanges, including during the aforementioned CERN-Russia
Committee meeting, CERN considers that this detrimental situation amounts to a
substantial breach under Article 11.1 of the Addendum. In the circumstances, we consider
that this breach cannot be remedied.

For the above reasons, CERN therefore notifies PNPI that Addendum No. 24 to the 2013
Protocol (P109) shall be terminated in whole with effect from 21 September 2022.

Yours sincerely,

po{__{

Mike Lamont
Director for Accelerators & Technology
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O npumeHeHun Ha 1 ['aB cuHxpouunknotpoHe NNAD

* [1poTOoTNN BEICOKOIAAEKTUBHOIO Kpuctannuyeckoro gedornekropa gana 1 I'aB
NPOTOHOB

* VlccnegoBaHue xapaKTepUCTUK NMPOTOoTUMNa B OnbiTe no pacwienneHuto 1 ['aB
ny4yka

« OueHKa npegernbHbIX NapaMeTpoB Kpuctannuveckmnx gedrekropon anda 1 'aB
NPOTOHOB

¢ BO3MOXHOCTM pa3BUTUA NYYKOBOWN MHPACTPYKTYPbl CUHXPOLMKIOTPOHA C
MOMOLLIbIO KpUCTannnyecknx aedrnekTopoB
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[MpoToTHMN KpUcTanauyeckoro aedsiektopa

* KpUcCtasin € aHTUKN1aCTUH4ECKMM M3rMbom

* pagnyCc aHTUKI1aCTHUHECKOIo n3runba:

] (5525 — 533555 )
P (813 S5 — S15535)

Roch = 1OQ__M_M_____

R, =R

rae S13,815,533, 535,852 - KoHcTaHThI ynpyrocTi

MYYOK NPOTOHOB
’ Ra = 280 mm ana Si(110)

30 MM
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[loBOPOTHOE YCTPOMCTBO C YCTAaHOBMNEHHBIM KPUCTanIom




[TpodpmnnomeTp n MOHUTOP Ny4Ka




CUMHTUNNATOPBLI NpodunomMeTpa
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OcHOBHble pe3yabTaThbl

/\ KaHannpoBaHHbIM NMy4oK
' *

My4yok n3 KosIMMaTopa

\ OTtBepcTme

KoJiIMmaTopa

- 100000

M30rHyTbIM KpUCTaN

(03s 1) suno)

- 10000

* lWMpUHa Kpuctasna — 0,1 MM - 1.3 wnt 14.3 v 1
= 1000

* LUMPUHA OTBEPCTUA KOJJIMMATOPA — 4 MM N A A I - h A LA J

* pacCcToAHuEe OT KpucTanna o npopuaometpa — 5100 mm ' ' ' ) a

X. mm

(14,34 1,3) mm

Yron oTKNOHEHMA =
5100 mm

= 3,1 Mmpag

(WMcno YacTML, OTKNOHEHHBIX HDHCTEIJ'I.HDM)% 10 9
(41cno YacTmy, ynaslWwKX Ha KpucTani)

3¢ dEeKTHUBHOCTD OTKNIOHEHUA =

’

MM
(YMCNO YacTUL, YNABIUMX HA KPUCTaMT) = ————* (YMCNO NPOTOHOB, NPOLIEAWNX Yepes KOJIMMATOP)

1Y

e
e A

qI=
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B skcnepumeHTe nony4Ynnu NpakTuky 3 CTygeHTa
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CnocoObl yBennyeHuns yrna oTKIIOHEHUS

* B aHTUKNAcTU4eCcKon cxeme OTKITIOHEHNE MOXHO yBennuntb Ao 20 mpag
e pagnyc nepeBuYHOro nsrmba 70 mm
e ONTMHa KpucTtanna no ny4vky 5 mm
* 3P PEKTNUBHOCTL OTKITOHEHUA ONpeaennTb SKCnepuMeHTarnbHO

* /icnonb3oBaHne NepBUYHOIO N3rndba MoXeT YBENMUYNTb OTKIIOHEHME 00 60
Mpan
e Apyrasi KOHCTPYKUUS n3rmbaroLlero ycTpomncraea
e pagmnyc nepsBuYHoro narnmda 70 mm
e ONTMHa KpucTtanna no ny4vky 5 mm
* HEOQHOPOAHOCTb U3rnba onpeaennuTb 3KCNEPUMEHTaNbLHO
¢ OPPEKTUBHOCTb OTKITOHEHUA ONpeaennTb SKCNepUMeHTanbHoO



CI/IHXpOLI,I/I KIMTOTPOH N MNMYy4YKU
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BbiBO4 Ny4ka KpucTanmiom
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PacLiuenneHne BbIBEOEHHOIO Ny4yka Kpucrannamum B
JKCrnepumMeHTanbHOM 3are

* BbiBegeHHbIN npsimon ny4yok 10° p/mm?/c

* JleBbIn KAHaANMMPOBAHHbLIN MYy4YOK
e OTKINIoHeHue no yrny 20 mpag + 300 mpag
* nonepevHoe X-OoTKIoHeHne Ha anuHe 10 M okono 3 MeTpoB
* MIHTEHCUBHOCTb Ny4ka okono 3*103

* [1paBbi KAHaNUPOBaHHLIN NMY4OK
« OTKNOHeHune no yrny 20 mpag + 300 mpan
* nonepe4vyHoe X-oTKroHeHne Ha gnmHe 10 m okono 3 MeTpoB
* MIHTEHCUBHOCTb Ny4ka okono 3*103



PaclienneHue BbiBeOeHHOro nyyka Kpuctannamum B [ naBHoM 3ane




BbiBOA NPOTOHHOIO My4ka KPMUCTanIOM U3 CUHXPOLIMKITOTPOHA




3ak4yeHue

» CotpyaHuyecteo NNAP-LIEPH c yckoputenamm LHC Ha nayse

* ECTb npoToTnn Kpuctannuyeckoro gednekropa ansa 1 'aB npoTtoHoB

* [lpoTOTUN NCccnenoBaH B onbiTe Mo paclwienneHuto 1 'aB ny4ka,
M3MEpPEHHLIN Yron OTKIOHEHNS paBeH 3 Mpaj, 9PPEKTUBHOCTb
oTKkI1oHeHusa okono 40%

* ECTb HEKOTOPbIE BO3MOXXHOCTU MO NMPUMEHEHUIO KPpUCTanNMNoB Ha
cuHxpouukrotpoHe NMNUNAD, Tpebytolme bornee getanbHOro N3y4YeHus



Cnacmnbo 3a BHUMaHue!



