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CopepKaHue

YckopuTenbHbiM Komnnekc LEPH

BO3MOXXHOCTU NPUMEHEHMA KPUCTAJIZIOB B YCKopuTenax LLEPH

MoTuBaLMA NpUMEHEHUA KPMUCTAJIZIOB B CUCTEME MEJIEHHOIO BbIBOAA MyyKa
Co3gaHue U30rHyToro Kpucrasnnia

Co3gaHue roHMomMeTpa 419 NPEUU3MOHHOro No3UUMOHUPOBaHUA KpUcTasiia
OcTMpoBKa Kpuctannia/roHmomMeTpa
YcTaHOBKa roHMoMeTpa B TOHHene SPS

JKCNepMMEHTaJIbHblE pe3yabTaThl
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3aKkrn4YeHme
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CopepKaHue

YcKkopuTenbHbiM KomnaeKkc UEPH

Cuctema MeaneHHoOro pe3oHaHCHOro BbiBoga B SPS
MoTuBauna NpUMEHEHMA KPUCTAJIJIOB B CUCTEME MeJIEHHOI0 BbiBOZA Ny4Ka
Co3aaHue M30rHyToro KpucTasia

Co3gaHue roHMomMeTpa Ana NpeumusmoHHOro no3uUMOHMPOBAHMUA KpUCTasla
OcTupoBKa Kpuctanna/roHmomMeTpa
YcTaHOBKa roHMoMeTpa B TOHHese SPS

3HCI'Iepl/IMeHTaﬂbele PE3y/ibTaTbl
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3aK/1to4eHue
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YcKkopuTenbHbIM KomnaeKke B UEPH
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YckoputenbHbiM Komniekc B LEPH SPS - BbiBog nyyka TT20, TT40 TTAO
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MoaepHusauma B TeyeHune 2019-2020 (Long Shut

MojaepHM3auMAa KaHala MeaJIEHHOr o
BbiBoga SPS TT20 u North Area:

» MoaepHM3aLUsA SNEKTPOCTAaTUYECKOIO
cenTtyma

» YcTaHoBKa KpucTanna/roHMmomMeTpa
» MojgepHu3auma onNnTMKKM Ny4dKa
» [oarotoBka ToHHeneMn/waxrt ans SHiP

Llenb mogepHusaummn TT20:
» Pa3BuTHE YCKOPUTENILHOIO KOMIMIEKCA

» YBe/IMYeHne MHTEHCMBHOCTM BbIBOAA

» CHUKEHeHWe noTepb NpU BbIBOAE

0®B3
ceMuHap 15/01/2019



CopepKaHue

Cuctema MeaneHHOro pe3oHaHCHoro Bbisoga B SPS
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Cxema MeaJIeHHOro BbiBoAa B cermeHTe LSS2 \

| ——Envelope SSE SSE FSE FE | Position m
6113 6145 6177 6208 6241 6273 6305 6337 6369 6401 6433 6465 6497

250 - - - : . . . .
200 +———— INNNERNNENNNNNNSEINANNNEE RERAAENY
ZS is oriented // to b

150 +

=
100 + E

A e

J e \
i | -~ Circulating beam

i v Orbit bimp

Excursion mm

=100

O®B3 ¢




CxemMa MealJIeHHOro BbiBoa B cermeHTe LSS2
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Cxema MeaIeHHOoro BbiBoAa B cermeHTe LSS2 \

=  Extraction geometry designed in 1970’s and largely unchanged:

extraction TPST magnetic
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[pUHUMN MeANEHHOIO Pe30HAaHCHOIro BbiBOJa B S

* Fixed Target physics experiments generally require a quasi-continuous flux of particles
* Along (few seconds to hours) spill is obtained at SPS by 3™ order resonant extraction

In a circular accelerator, the slow extraction is a resonant process that brings circulating
particles into an extraction channel.

An electrostatic septum (ES) is used to cut and bend a slice of the resonant beam
separatrices, directing it into the extraction channel for removal from the ring.

Particles escape Intrinsic losses on
along separatrices septum wire ~1%

A @

Seplum wire Septum wire Sa
B. Goddard, >
CAS, Frascati, 2008 Sextupole magnets  Changing tune towards Extraction by the

deform phase space 3rd ord. resonance makes Electrostatic Septum

stable area stable area shrink ¥



[IpMHUMN MeaIeHHOro pe3oHaHCHOro BbiBoAaa B SPS

= Beam deliberately excited using a third-order resonance and large amplitude
particles extracted with a thin electrostatic septum [ES]:

Particle at turn 3 AnOde at gI’Ou nd
X Septum wire l1]
Circulating Beam > d >

Septum Wires

V=-220 kV

Extracted
Beam

0083 Cathode at -220 kV




BbiBoA ny4yka m3 SPS ana pusmkM Ha PUKCUMPOBAHHbIX MI/ILIJeHFIX\

= Slow-extraction is used to deliver a constant flux of
particles to Fixed Target experiments over many seconds
from a synchrotron:

— From SPS we typically extract up to =3E13 p* during 4.8 s, i.e.
whilst beam circulates for over 200,000 turns

= Unlike single or multi-turn extraction, the slow-extraction
process is intrinsically lossy:

— We cannot (yet!) create a clear temporal or spatial separation
in the beam to extract cleanly

— In fact, most FT experiments don’t want temporal structure
in the beam!
= Beam loss from slow-extraction is unavoidable, and has
to be controlled and optimized:

— Induced activation in Long Straight Section 2 (LSS2) increases
in direct proportion to the beam loss on the septum
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CopepKaHue

MoTtuBayma NnpUMeHEHNA KPUCTA/IZIOB B CUCTEME MeA/IEHHOIO BbiBOJa MNMy4Ka
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[lpo6.1embl MeaneHHOro BbiBoAa B LSS2 (2-M cermeHT)

» [loTepu nyyYka HEU3BEKHO BO3HUKAIOT NPU B3aMMOAENCTBMM YACTMULL C SJIEKTPOJAMM
3/IEKTPOCTAaTMYECKOro CenTyma.

» PorkaeHne NoToKa BTOPUYHBIX YacTUL, B 061aCTH LMPKY/IMPYIOLLErO M BbIBEAEHHOIO N
» BblcoKaa paanalMOoHHas Harpyska B CEFrMEHTE BbiBoja B TOHHeie. Caman ropsa4vas 30Ha

» MoHM3auMAa oCTaTOYHOro ra3da MOXeT Bbi3blBaTb r|p060171 SNNIEKTPOCTATHUHECKOIo CENTYMa

BoiBoA 13 SPS Ha prKcHMpoBaHHble MuweHn (North area - SHiP)

/lo 2018 ~1 x10° p/year
C 2021 ~4 x10'° p/year

POCT MHTEHCUMBHOCTM U UHTErPaJIbHOrO BbIBEAEHHOIO MNOTOKA
YyCYyryomT npob6siemMbl MeAJIEHHOr O BbiBOJA BMJ/IOTb 10 BbiXo4a M3
CTPOA 3/IEKTPOCTATMYECKOro centyma

OB
O®B3 cemnHap /15/01/2019




Konnaéopaumsa UA9 + nenaptameHTbl TE / BE / I%

O®B3 cemmHap

Edms No. 1509966
7 May 2015

MEMORANDUM

To: Walter Scandale, Chairperson of the UA9 Collaboration
From : Frédérick Bordry, Director for Accelerators and Technology %
C:C:: Paul Collier, Head of the Beams Department

José Miguel Jiménez, Head of the Technology Department
Roberto Saban, Head of the Engineering Department
Brennan Goddard, TE-ABT Group Leader

Subject : Slow extraction assisted by bent crystals in the SPS

Following the interest generated by the Proposal for Investigating Slow Extraction Assisted by
Bent Crystals in the SPS, | would like to ask the support of the UA9 collaboration both for the
studies and for the developments of hardware and software which these might entail.

Needless to say, the beam time required for the validation of the concept will be taken from

/ 15/01/2019



Crystal shadowing: concept

counts

10—1

10—2‘ !

Thin bent crystal installed upstream ZS

Crystal channeling creates depleted density
region at ZS wires: reduce loss

Volume reflection does a similar job (higher
efficiency but x10 lower kick)
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CopepKaHue

Co3JlaHWe M30rHYTOro KpMcTania
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MN30rHyTbiM KpucTann - CneymdumKaums

4 EDMS NO. REV. VALIDITY h :g::::ed
CERN . 1783433 2.0 RELEASED ) support
\ 7 (" REFERENCE ™ crystal Extracgcl):r;
N ump
% 1783433 )
CERN ! X
CH1211 Geneva 23 circulating | LS52 reference
Switzerland ' beam '
p Date: 2018-10-25 N | >110mm |

SPS-CASE Functional Specification

crystal(
inserted(

extrac- on"
bump'ON"

Requirements for a Prototype Thin Bent
Crystal Located in LSS2 for the Shadowing
Tests of the ZS wires in 2018

e X
' 1552"reference’

This document summarises the functional requirements for a prototype thin bent Figure 3 - Schematic of aperture requirements
crystal, located upstream of QFA.216 in LSS2, in order to make a first tests of shadowing for the crystal assembly in and out of beam.
the electrostatic septum (ZS) wires during MD sessions in 2018. The crystal is towards the outside of the ring.
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15/01/2019



M30rHyTbIM KpUCTAI

Oco6eHHOCTU KOHCTPYKLUMMU:
» [poponxkeHne cemenctBa Kpmctannos ansa LHC

KoHuenuma paspadotaHa B [NMAD B 2017 r. 1 npoTecTMpoBaHa
MHorokpaTtHo B LUEPH Ha ny4dke H8 1 LHC

» BblcoKaa cTabm/IbHOCTb KOHCTPYKUMM a0 250°C

[apaHTUA CTabUIbHOCTM 06ecneyeHa LUMKIaMM HarpeBa, M3MEePEHMEM
(DOpMbI, KPUBM3HbBI KPMCTA/IJIOB M TECTAMM Ha My4Ke

» TOHKMM Kpuctana <1mm

/lenvkaTtHoe mnsgenve, NnpeaesibHO OCTOPOXKHOE obpalleHue

Pa3spaboTaHbl M U3rOTOBJIEHDI

3 KpucTanna
» bosablwasa aneptypa 35MM X 35 MM (477 Ay6nMpoBaHMs)

Pa3smepbl anepTypbl yBeAMYEHbI OTHOCUTENIBHO MCXOAHOM
cneundurkaumm no 3anpocy LUEPH 6ykBanbHO B npouecce
NpoOu3BOACTBA

O®B3 cemmHap
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M30rHyTbIM KpUCTAI

Kpuctann ACP82 6bin BbiGpaH A1 YCTaHOBKM B SPS

Pa3mepbl Kpuctanna:

» LunpuHa 0.775 + 0.002 mm
(monepék ny4ka)

» [lnnHa 1.999 + 0.002 mm
(BAO/Nb Ny4Ka)

» Yron usrmba 180 + 2 ppag

» CKpy4YyeHHOCTb < 1 pypaa/mm

O®B3 cemMmHap
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CopepKaHue

Co3ganune rOHMOMETPa A4N1A4 nNpeun3noHHOro no3nMUMOHMpoBaHUA KpHUCTaJlJla

vV v v v vV vV v v Y
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[[oHMoMeTp: Cneumc

OcCHoOBHbIE NnapamMeTpbl TOHUOMETPa

>

>

O6Las A MHa NOo Ny4Ky 420 MM

(BKNtOYaA riaHubl M CUAbQOHbI)

MUHMMaNBbHbIN LWAr JIMHEMHOIO
NO3MLMOHMPOBAHMS <5 um

MWHMMaNIbHBIM LWar yri0Boro
NO3M1LMOHMPOBAHUA 1 upaj

COBMECTUMOCTb C Kpen/ieHMEM Onopb!
KamMepbl 3aMeHAEMOM YCTaHOBKM anddysepa

CoBMECTUMOCTb Kabenen 1 CUCTEMBI
yrpaB/IeHUS

O®B3 cemmHap
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/

2. Integration in LSS2

There is 420 mm available for the vacuum tank and bellows (DN150 upstream to DN273
downstream) housing the crystal in the short straight section upstream of QFA.216, as
shown below in Fig. 2.

Figure 2 - Integration constraints in the short straight section upstream QFA.216:
the available 420 mm needs to include bellows.

/ 15/01/2019
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[MTprHUMN paboTbl CUCTEMBI MO3ULIMOHMPOBAHUSA KP

<>

Cr1

Motor1
Motor2

ABuxkeHne Kpmctanna Cr1 npyM 0gHOBPEMEHHOM JIMHEMHOM ABMKeHUM Motor1 & Motor2

x/

beam x,

Cr1 Cr1

Motor1
Motor?2
Motor1

MoBopoT Kpuctanna Cr1 npy AMHEMHOM ABMKEHMM Motor2
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[MfpumeHeHMe roHnomeTpa B SPS - IHEPgonNIC

[oHnomeTp IHEPGoOnNIio1.:

« PaspaboTtka, npon3BoacTBO
NPBO ([MpoTBMHO)

 YcrtaHoBka B SPS 2010

« Okcnnyartauus go 2018

e 2 KpucTanna B Kopnyce

O6MmoTKM ycTaHoBneHbl B 2014
rooy Ons NPOBEPKUM CUCTEMDI

noaasneHusd obnakos
SNEKTPOHOB BHYTPU BaKyyMHOIO
obbema npu BbICOKOW

MHTEHCUBHOCTHU

O®B3 cemmHap
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[MpumeHeHne roHnomeTtpa B SPS — IHEPgoNI@

[oHnomeTp IHEPGoONIio2:

« PaspaboTtka, npon3BoaCcTBO
NPBO ([MpoTBMHO)

 YctaHoBka B SPS 2012

« Okcnnyarauusa oo 2018

e 2 KpucTtanna B Kopnyce

Penbcbl 1 0Nopbl MUHUMU3UPYIOT
BMOpauuMio 1 napasuTHble Yrhbl
npw OBVXXEHUN NUHENHbIX
MEeaHM3MOB

O®B3 cemmHap

15/01/2019




/In3anH roHnomeTpa

AHTH-
BMOpaLMOHHasA
nogAaepxKa

Onopbl 414 OCTUPOBKU
Kpuctann
BakyyMHaAa Kamepa

CMOTpOBOE OKHO

Onopa roHnomeTpa

MeXxaHM3Mbl
JIMHENHOIr o

nepemeLweHnA
—

AaTunKu
nepemeLLeHus

O®B3 cemmHap
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/lIn3anH roHnomeTpa
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MexaHn3M nnHenHoro apmxeHmna PLSM38

MexaHM3M MHEMHOr O ABUNKEHMS:
» [lponssoamntenp UHV Design (UK)

» MuHMMaNbHbIM Wwar ApmKeHna Ao 0.1 pm (nonywar LWA)

v

Auana3oH asuxkeHnAa 100 Mm

v

BblcoKkas cTabM/IbHOCTb U KECTKas pamMa

v

PuKcMpoBaHHaA AnMHA KOHCTpYKumu (1)

O®B3 cemmHap
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M3roToBsieHMeE geTasieu

BaKyyMHbIM TaHK

O®B3 cemmHap

dnaHubl

15/01/2019
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BakyyMHbIM TECT, ob6e3raxkKmMBaHMe, NOMCK

Bake-out
150 °C - Chamber

120 °C - Bellows/viewport
Passed
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CopepKaHue

tOcTUpoBKa KpucTania/roHMomMeTpa

vV v v v vV vV v v Y
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YcTaHOBKa KpMcCTassla B TOHUOMETP

» KpucTann u 3epKasio yCTaHaB/IMBAETCA HA O6LLYIO OMOPHYIO MJIACTUHY
» Kpuctann HeBUAUM B CMOTPOBOE OKHO

» HOcTMpoBKa KpMCTania M KaIM6poBKa Yr/I0BOr0 JIBUKEHUSA BbINOJIHAETCA MO 3epKajly

YcTaHOBKa B rOHMOMETP

O®B3 cemunHap 15/01/2019



tOCTMpPOBKa KpUcTasjia U roHMoMeTpa

———
Survey of
Goniometer
__ Alignment
of crystal

=y

— \

KpucTtann c 3epkasiom

PedepeHcHoe 3epKasio

ABTOKONIMMATOP




Crystal linear alignment

Crystal Linear Crystal -

location position Axis MotorA
distance (Upstream

Fully OUT (parking) 0 mm 135.6 mm
(design)

Fully OUT (parking) 0 mm 137.1 + 0.1 mm
(Survey (+1.5mm wrt
measurement) design)
Fully IN +78.7 mm 58.4 mm
Nominal position + 69.1 mm 68 mm

-
- -
-
-
= -
-
- -
-
-
= -
-
-
-
- -

-
- -
-
- -
-
-
= -
-
- -
-
-
- -
-




Crystal angular alignment

Crystal location Crystal angle MotorA

Channeling searching +200 + 300 urad (Upstream
angle
Controller angle while
motorA, motorB
positions were reset to
“0” at OUT

Crystal Angle = 10000 * (MotorA(pos) - MotorB(pos))

Crystal angle
(+) direction

-
-
- -
-
- -
-
- -
-
-
- -
-
- -
-
-

-
- -
-
- -
-
-
- -
-
- -
-
-
- -
-




CopepKaHue

YcTaHOBKa roHMoMeTpa B TOHHee SPS
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AHTMBMOpaL




TpaHcnopTupoBKa 13 BA3 ao LSS2 B TOHHENE

Transportation at BA3 Departure to LSSZ, unpackin

7
'I
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Pa3rpy3ka tTpaHcrnopTa B LS52
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YcTaHoBKa roHmMomeTpa B LSS2 (21602)

42



[[OHMOMeTp ycTaHoBNEeH B SPS

43



CopepKaHue

JKCNepPUMEHTaJIbHblE pe3y/ibTaThbl
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Crystal shadowing: MD

» Carried out in parallel to the BDF prototype target tests:
» 3rd and 24t October with over 20h beam time ~ 6000 extractions
» Two additional MDs in November

» Many tests also continued parasitically throughout the ion run




Shadowing of the SPS electrostatic septum

[poAEMOHCTPUPOBAHO CHUXKEHME NoTepb B SPS:
~20-22% in VR
-40-44% in CH
YcneluHbIM onepauyoHHbIM TECT B TedeHMe 13 4acoB CO CTabU/IbHbIM U CHUMKEHHBIM YPOBHEM
VR
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CHUMXXeHue noTtepb B TOHHeie SPS

KpucTann opueHTUpOBaH B peXXMMe 06BEMHOI0 OTparKeHua B TeyeHnu 13 vyacoB

%

Loss reduction of 21.1

Sextant 2

BLM's

Sextant 2 BLM's: Loss reduction (abselute) = 2.78e-14 Gy/p, (relative) = 21.15%
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CopepKaHue
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3aK/ito4eHue

» KoHuenuua co3gaHnsa «TEeHMU>» C NMOMOLLbIO KpUCTtasijla Ha 3JIEKTPOCTAaTUYECKO
centyme 3kcnepmMMeHTa’ibHO nNpoBepeHa:

» CHuXKeHMe noTepb ny4dka Ha centyme gocturaeT 40% (B pexmme KaHaiupoBaHUA)
» Cuctema ctabuibHa M BOCMPOU3BOAMMO OTpaboTana B TEYEHME HECKOJIbKMX PaHOB

» YcnewHoe CHUXKEeHWe noTepb B Moge 06bEMHOIo OTParKEHUA B LUTATHOM OonepaumoOHHO
pexnme BbiBoaa ny4dka B North Area

» TpebyemMbl KOapDULMEHT CHUKEHUA noTepb 4 - 5 ana SHiP B BDF Bbirnaamt
JOCTUKMMBIM MpPU AaJIbHEMLLEM PAa3BUTUM CUCTEMbI BbIBOAA C MOMOLLbI KPUCTA

» YiKe cemyac BO3MOXKHO CYLLECTBEHHOE CHUXKEHME 103bl B KOJIbLIE YCKOPUTENS
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