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2.uvoyn Bepdtwyv

* LHC, dITToAIKOi JayVATES KAl UTTEPAYWYINOTNTA.

«  Kpuoyevika uypd, uttéppeuaTo Ao Kai epappoyni otov LHC.

» Kpuoyevikoi aiobnTrpec.

«  EmmTwoeig TNG akTivoBoAiag oTa NAEKTPOVIKA.

o 2xediaon avOeKTIKWV NAEKTPOVIKWY CUOTAPATWY YIa Ta KpUoyevIKa Tou LHC.




To oupTtrAeypa emtaxuvtwy tou CERN kai o LHC

CcCMS
(4
&

LHC 5
North Area

SPS

-

ATLAS
= TT60
_ AD
T 1999[182 ]
T2 = BOOSTER
1972 (157 m)]
il ysoLoe

g

R5:CMS
= Beam dump

blocks

IR6: Beam
IR4: RF + Beam dumping system
instrumentation

IR3: Momentum IR7: Betalro
collimation (normal collimation (normal
conducting magnets) conducting magnets)
IR2:ALICE s
CNOCS

Gran Sasso W V4

AT
Injection ring 1 |\

LHC: 27 Km

n-ToF \:;/ PS
2007

LINAC 2

Leir

LENAG = 2005 (78 m)
lons
» ion » neutrone » P (antiproton] - iton/antiproton conversion » neutrinos » electron

LHC Large Hadron Collider SPS  Super Proton Synchrotron PSS  Praton Synchrotron

AD Antiproton Decelerator CTF3 | Test Facili CNCGS Cern Neutrinos to Gran Sasso  ISOLDE  Isotope Separator Onl
LEIR LowEnergylon Ring LINAC LINear ACcelerator n-ToF Neutrons Time Of Flight

MayvATeg
« AimmoAikoi (1232, 35t) yia oTpéwn TNG d€oung adpoviwv.
» TerpatroAikoi yia focus/defocus.
*  6,8,12,.. —TTOAIKOI yIO d10pBWOEIG.




AITTOANIKOI JayVNTEC

« Na 14 TeV (7 TeV ava déoun) kal r = 2680m: 8.33 Tesla payvntiko 1Tedio dIToAwv pe 11.850 Amperes.
* Avaykaia n XpnolhoTroinon Utrepaywyihdwy KoAwdiwv.
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O1 utTEpayWYOI €ival UAIKA TTOU ETTITPETTOUV TNV OIEAEUCT TOU PEUPATOG PE UNOEVIKA avTioTaon.
[d16TNTa TTOU AvakaAu@BOnke 10 1911 atmd Tov OAAavdd Heike Kamerlingh Onnes.

Kpdua NioBiou-Titaviou (1962) (Niobium-titanium, NbTi)
Ymepaywyipo yia T<10 K katH< 15 T.
2UMBato pe Tig TTpodiaypa@és Tou LHC Kal €QIKTO VO KATOOKEUQOTEI O€ BIOPNXAVIKH KAiJOKA.




Opia dpdonc KPUOYEVIKWY UYPWV
Nb-Ti Nb;Sn MgB, YBCO Bi-2223
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Kpuoyevikd uypad: Peuota o€ Bepuokpaciag < -180°C 93.15K
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«EKTTaideuon» payvntwy, «quench» kai to QPS

MeyaAec SUVGUEIC EVIOS TwV payvnTv: >~2%108 N/m. QPS: Quench Protection System
Quench: H peraBaon twv TUAIyuATwY €VOS uayvntn arro UTTeEQAywyiIun ARC MAGNETS

O€ OUIKN KatdoTaon. LN
Eva quench umropei va mpokAnBei arré 1 millijoule — 1-cent € ard 5 cm. % <T.&

BV 7aSO
RB Training Quenches - MP3 ALY

11400 I HWC target
. for6.5 TeV
W 556-2008

10800 W s67

g Wsi2
% W 556 collar
o 10200 [ 545-2008 1
S S8l
] M523 Main dipole, MB Main quadrupole, MQ
G600 W 578
° W 545 . 1 A
pes Quench: 1) evspyorro[non ouomp’aTog QP§
a0 - - " - " 2) gvepyoTToinon BEPUIKWY AVTIOTACEWV
Circuit Quench Number 3) TU)\I’YIJGTG 0-8 wl'“Kr’] KaTdGTacn
4) evépyela JoipadeTal o€ OAO TO payvhTn
154 dITToAIKOI HaYVATEG €V OEIPA 5) aQaipeaT ATTOBNKEUPEVNG EVEPYEIOG

AUEnon evépyelag — PEYOAUTEPES DUVANEIS —

e . , . U_mag A U_mag_ 8
MIKPOOKOTTIKEG KIVIOEIG TUNIYPATWY — quench!

fUa U2
>

activate
fe=1 R2

switch to busbar {51 mH 51mH :if 51mH_51mH 51mH_ 51 mH busbar switch to

1.29 GJ atroBnkeupévn evépyeia ava TOPEQ.
Evépyela evog povo payvntn grropei va Aiwoel 14 Kg petdAAovu.
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dump
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[PPSR

Meta atrd éva quench — 2tadiakr (100’s sec) a@aipeon eVEPYEIOG OAWV TWV UAYVNTWYV TOU TOMEQ.
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Y1réppeuoTo Ao (superfluid helium)

1937, Kapitsa et al.

To Ao gival uypd yia Beppokpacieg T < 4.2K.
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A
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He Il pressurisé He | saturé Point Critique
1 Te=5,2K
T=1,9K T=42K Pc=2,23 bar
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SUPERFLUIDE

01 (He 11)
Point Lambda
TI=2,17K
T=18K Pl= 0,05 bar
P=0,016 bar

He Il saturé

P=1 bar

1 2 3

MeTaTpéTTeTal o€ UTTEPPEUOTO (YIa éva %) otav T < 2.17K (-270.98°C) (*He).

« Ty yia 1.5K éxoupe ~90% utréppeuaTo. Mpaenua de€id yia normal/superfluid %. *°
YYpPO pE INOEVIKO 1EWOEC KAl UNOEVIKNA EVTPOTTIAL.

KaAUTTTEI OAEG TIC ETTIQAVEIEC TOU DOXEIOU KAl DIAPEUYEI ATTO TTOPWOEIG ETTIPAVEIEG.

MeyaAn IKavOTNTA ATTAYWYNAC BEpuOTNTOC.
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KpUOY£V| Kd O-TOV L H C LHC DIPOLE : STANDARD CROSS-SECTION

Two-phase He @ 1.8 K

Pressurised He @ 1.9 K
(~ 20 Itr / m)

Beam Screen @ 4.6-20 K
Heat intercept @ ~4.5 K
Radiation Screen @ 50-65 K
Heat intercept @ ~ 50 K

Typical LHC even point
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*  Ytepaywyiuotnta + utréppeucTo NAIo — MayvrTeg: 1.9 K (-271.25°C).
« 120 1évol nAiou yia va 36.000 Tévoug payvntwy. OCryogenic plant




Refrigerators tou LHC

Agaipeon
TMPOCHEISEWY

Gas coolers

HP comprassors

LP compressors / Electrical power consumption: 4500 kw
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KpuoyevIKEC eykaTaoTaoelg Tou LHC

Aecapeveg atmmobrnkeuong nAiou

Gas coolers HP compressors

/ X Electrical power consumption: 4500 kW

HP supply
1680 g/s @ 20 bar

MP return
4 880 g/: @ 3.9 bar

LP return
N 800 g/s @ 1.05 bar

Oil removal system



O0B0ovec xeipiotwy yia 4.5 K refrigerator
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TE-CRG-CI
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Technology department
Cryogenics group
Cryolab & Instrumentation section

WorldFIP crates

Evepyd kavaAia:

O¢ppokpaacia

Micon

270N uypou nAiou
OePPAVTIKEG AVTIOTAOEIG
Mnxavikoi d1akoTTTES (1/O)

6500
800
500

2000

1100

Standard LHC cell cryogenic instrumentation

Type "A" Service Module Type "B" Service Module

(75K, 19 bar

Header F )
Header B (4 K, 16 mbar)
|_Header D | (20 K, 1.3 bar)

T
HeaderC | | | [ ] | (46 K, 3 bar)
@ Wam Instrumentation
:l ® Cryogenic Instrumentation, vacuum type
[ o Cr Instrumentation, rtion typs
gl g8 g ryogenic Instrumentation, insertion type ® 2lx| |2
4 GAE e e ool |2
[z D @
[og U @
A \
8l s o 5| 8 8 gl als a| &
4 E 3] x| = MAGNETS 4 9] 9o B|R 4
= —|=|—]=— Beam tube 1
| —|— == Beam tube 2
~_ A . \:/:\ — g/: .
N — :/:\ Bez een N :I/\
D D
- [ ® B
Y LY LY x LY L} LY LY x
© ® ©
‘@
— o
& & 4
& Bus Bar o) ) (50 K, 20 bar)
7y [y Iy 7y i i Y [y
Feader E ) o PaE sy ]

ApaoTnpidTNTEG:

* YTT0OTHPIEN UTTAPXOUOAG UTTOOOUNAG.
« ETmiAuon c@aApatwy.

2.Xe0iaan VEwV OUCTNUATWV.




Ta cryogenics instrumentation otov LHC

Katd Tov apXIikd oXeOIa0oNO aTTo@acioTnKe va TOTToBeTNBOUV Ta NAEKTPOVIKA:
A) KaTtw atrd Toug JayVvATES YIA TO KAPTTUAG TURUOTA.
B) 210UC XWPOUG HEIWPEVNS AKTIVOBOAIAC yia Ta euBUYPAPUO TURUATA.

NOyw peyalou k60TOUS KAAWiWONS Kal TTIBavwy NAEKTPOUQAYVNTIKWY TTAPEULBOAWV.

2.€ UTTOYEIOUG XWPOUG HEIWNEVNG AKTIVOBOAIaG




AiIo0BNTAPEC NETPNONG BEpUOKPATiag
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Temperature Range [K g.
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LHC Arc Cryo-Cells 30 to 31




To BepuopeTPO

Q@epuoOETPO = aioOnTrpag + Baon (thermometric block)

Temperature
Sensor

Heat Bank

Design

PCB technique => known technique => low cost, big series possible
« strip: Cu, 700 mm x 0.1 mm x 0.01 mm
« el. isolator: epoxy 100 mm x 10 mm x 0.1 mm

e WM AWM -

: = =0
(5 I )
I, > 77,

e

s ==

cond. strip

cond.k epoxy
Long
Thermometer cond.m  epoxy

(Cu isotherm 1.5 mm)
Gon_lat:t contact Cu/Fe
Resistance

cond.m stesl 2 mm
wall cond.k steel 100 mm
(Steel Plate) cond.m steel
Contact contact Fa/Cu
Resistance
Cop cond. copper 18 mm

per
(Facility Holder)

Helium cond. KAPITZA




AiIcBNTAPEC OTABUNC NAioU Kal TTiEoNS

Voltage Measurement
and
Current injection
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Duoik akTIVOBOAIWY Kal ETTITITWOEIC OTA NAEKTPOVIKA (1/2)

Evépyelia owpuaTidiwv

~ 2500

Putcos Syockum it Servis Gudoy (e 0

2@aAuata & BAGBeC o€ nuIaywyoug

h > 20 MeV o

Single
Event
Effects

Effect in
the Device

Displacement
Dose (TID) Damage




Duoik akTIVOBOAIWY Kal ETTITITWOEIC OTA NAEKTPOVIKA (2/2)

[ ]
. . . . Cosmic ray track —f
® /000 o
® . @ 0
e e e e
Drain o
Gate oxide” | | \
Channel’ ® ) ' @ o ® T ® conougTion
' — Polysilicon gate E E__\L —I:_ T
2 — Trapped positive i - |
S nm charges N ' |
— Gate oxide I: : |
j_ - Channel i i i Subsirate
— Silicon 4 ! : —,
TID DD SEEs
TID: Xuoowpeuon lovifouoag d6ong — Anuioupyia (euywy electron-hole. J. Scarpulla et al.

ANAQyN TWV XapaKTNPIOTIKWVY AciToupyiag (17.x. Transistors/Mosfets).

DD: 2uocowpeuon QAAUATWY AOYW OUYKPOUCEWV/UETATOTTIOEWY OTOMWY OTO TTAEYUQ.
AANAayr Twv 1810TATWYV TOU UAIKOU (TTX. EVépyeia peTapaong).

SEEs: 21amioTikd @aivopevo: MetaBartiko/Moévipo/KataoTpogiko.
Kivnon @opTiopévwy ocwuaTIidiwv — [MBavatnTa evepyoTToinong KUKAWUATWV.




MeTtpnTEC akTivoBoAiag otov LHC

Radiation Monitor RADMON

SEU counter

Measurement

PIN Diodes

Mar2011 Apr2011
UTC_TIME

Mlar-2011 Apr2011
UTC_TIME




Kpuoyevika cuoTriiuarta: AioBntrpec & AutouaTtog EAeyxocg

Dump on Failure SIMATIC 57
PVSS Terminal —
. Data Server ” T [
Sensors/Actuators RadTol Electronics |4 1l o 5]
;:’,2
iR % = Copper Optical Copper
— = — =1 -— B ] ~
World FIP FEC 5 g
o
Pressure {—:} =_| T i
Industrial Electronics Switch
60 Vdc - 230 V. :
Temperature, %, o c ac " T
Level =
230 Vac I &
Electrical % :— 0-24Vdc m
Heater Profibus DP
ON-OFF Valve p-o - i

i
Control Valve 4-20mA 5
For Current Leads =

Signal Conditioner ' g
g
Control Valve | Profibus PA _ | _ﬂ_[”
Split Profibus Actuator Split Profibus Actuator DP/PA
o Lo Coupler
Radiation Level P

None

*  O1 a1oONTAPES DOKIJAOTNKAV YIA TNV AVTOXH TOUG OTNV OKTIVOBOAIa KOTA ToV apXIKO oXeDIQOUO.
* Ta avBekTIK& oTnV akTIVOBOAIO NAEKTPOVIKA OXEDIAOTNKAV YIA TOUG UTTOYEIOUG XWwpous Tou LHC.
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The LHC Challenge

~ Shielded §
Areas :

Fo s

~ Tested & B Safe
Designed oo Areas

==—>3l
JEIECtFOniCS % EIECtronICS/

Surprises will happen Tested & COTS &
(and-happened) Designed Untested
\V

/Electronics Electromc

Tunnel

Tﬂﬂg

Markus Brugger, R2E, 2015




CRYO instrumentation - ToTtoBe0ieC NAEKTPOVIKWYV CUCTNNATWY
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EyKaTtaoTdo€IC OOKIUWY AVTOXNG OTNV AKTIVOBOAIa

PIF, PSI, Villigen, CH

MapaoITIKA EYKATAOTAON O€ KAIVIKN
TTPWTOVOBEPATTEING.

Mpwtévia: 230 MeV

CNRAD, CNGS, CERN
400 GeV/c Tpwtovia o oTOX0

avBpaka/uoéAuf3do. CHARM, CERN, ) )
MIKTS TrEPIBAMOV aKTIVOBOAIGC. 24 GeV/c TTpwToVvIa a€ TTOIKIAIO OTOXWV.
MeyAaAn troikiAia TTEPIBAANOVTWY aKTIVOBOAICG.

Kai 51a¢popsc AAAEC EyKATAOTAOEIS E VETPOVIA, AKTIVES YA, KATT




AOKIUEC OTOUG alIoONTAPEC

OUTER VACUUM VESSEL

COLD VESSEL

RADIATION HERT SHIELD

[~
|~ CONDENSER

SENSORS TO BE TESTED 0.008

Be TARGET

+ RhFe Film /x’"

0.007 +——— . RhFe Coil
* Carbon Allen-Bradley M
0.006 . Cermox p‘f

0.005 * VO L

0.004 Fld

AT(K)

0.003 /Wf
. i 20

0.002

0.001

0.000 8

0 5E+13 1E+14 1.5E+14 2E+14 2.5E+14 3E+14
Dose (n/cm?)

AokIpég oe a1oONTAPEG:
*  O¢puokpaaciag

+ [lieong

e 2TAOPNG uypOoU nAiou

Aokiuéc ota SARA (Grenoble, FR) kar CERI (Orleans, FR)

3.5E+14



2 VEEC KAPTEC yIa TO Run 2 tou LHC

TT Insulated 1.2KV
(for 600A current leads)

Electrical heaters for the beam screen (EHBS)

Ma 10 run #2 Tou LHC, 2 véeg KAPTEG OXEDIACTNKAV KAl EYKATAOTABNKAV.

EHBS (271 kGpTEG) 0€ OAOV TOV ETTITAXUVTH.
TT cards (765 KAPTEG) O€ TTEPIOXEG PE XAUNAOTEPN AKTIVOBOAIQ.




ETnIAoyn NAEKTPOVIKWYV

Kolva nAeKTpoVIKA 2X€BI00PEVA NAEKTPOVIKA
Commercial Of The Shelf (COTS) yla avBekTIKOTNTA OTNV AKTIVOBOAIa
+ $ (€), POnva + $$$ (€ € €), AkpIBa
- Au@iBoAn avBeKTIKATNTA OTNV akTivoBoAia + AVBeKTIKG OTNV aKTIVOBOAIa
- Avaykaieg OOKIPEG + ATtraitouvTtal ENAXIOTEG DOKIUEG
+ AiaBeoipdTnTa - AloBeoipdTnTa

Mepiopiopoi TTEPi OTTAWV*

+ Xwpig TTEPIOPIOTPOUG
* ITAR (International Traffic in Arms Regulations)

* [lpootmdBela yia xprion povo COTS Adyw peyahou apiBpou eEapTnUATWY Kal KOOTOUG.

*  Or1 eTaIpEiEG AVOEKTIKWV NAEKTPOVIKWY OEV EEPOUV TTWG VO KOOTOAOYHOOUV PEYAAEG TTOOOTNTEG.

* AQiBoAn n TeAIKA £ykpion Kal N HEAAOVTIKA dI0BECINOTNTA TWV AVOEKTIKWY NAEKTPOVIKWV.

*  EmAoyr avBekTIKWV NAEKTPOVIKWY PHOVO O€ ECAIPETIKES TTEPITITWOEIG.

*  H avBekTIKOTNTA TWV KOIVWV NAEKTPOVIKWY £EAPTATAI OTTO TN OEIpd TTAPAYWYAG aKOMN KI EVTOG TNG idIag ETAIPEING.




AOKIUEC HEMOVWUEVWY NAEKTPOVIKWV

=

]
oo e i e "
=

PSI (230 MeV p) FEB/2013
(TID, SEE, DD)

CNRAD/CNGS
Mixed-Field
JUN-DEC/2012

H eupeon avlekTikou COTS TTOAUTTAEKTN 0B\YyNOE
o¢ g§oikovovnon >450 CHF/kapra

X . Multiple components
3 : 200 KCHF.
€ EVO TTPOTCeKT PSI, JUL/2013




ETidpaon akpivoBoAiag ota NAEKTPIKA XAPAKTNPIOTIKA - TTAPAdEIYUATA
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Ron comparison @0Gy and @1000Gy for all channels
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TEXVIKEG PEiWONG
ETTITITWOEWYV AKTIVOBOAIag

Triple Modular Redundancy (TMR)
Kwdikotroinon, IAtpdpioua,

Safe state-machines AlopBwaeig UAIKOU
Watchdogs
NoyIopIKS/PIATPAPIoHO AVWTEPO AOYIOUIKO
Etravekkivnon Aoyiopikou
- - Mapeupdaocig €1dIKoU
AlokoTTr) TPO®POdOTiag

+ aAAa (1rx. Antifuse FPGA, down-clocking, safe statemachines, ...)




EmRefaiwon KaAg AsIToupyiag Kai €yKpion yia rapaywyn

Testing EHBS at P8 (UA87; QYC01&QYC04) Remote online tests
crates with long cables (50m&100m) and external load. and PLC tests.

o)

N/



EmRepaiwaon avBekTIKOTNTAC (OTNV AKTIVOBOAIQ) OEIPAC TTAPAYWYNG
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3 1-1Q08BB_2217. MAG Line C* (85 Inlet) [S00W +

LQOBB_22L7_EHB47 = T
Status | Tendency | Trend Power | Trend ThCouple | e R I N |5
CRYOGTW_CFC_SAB_QL7MN__M DATA Connection OK

Calculations. Configuration WEIP Infos
Supply votage Ot moa [ oc | omname [ GiCsAs cam_
Supsly current
m; Themistor mode | ] Bus |[cevae sasom [ 1
e Mode Thermocoudle agent | [ £
Foroed setfort Constants Gk y
Thesmac votiage TRV |y quppiy vokage ey | OVICF2ITA
Trecrecianparnise S1S32C | cyole periods] T o Warnings
(Lot ok 08 0%V | Trreshont womC I bisadie
[t stk 493 | ptoctinSencorottet [ 0000 | [ wemor

Heater resistance 100,000 ohm [~ Reset
. Current AC Offsst 0.000 [~ esdcong

iasarements PT Sensor Range 5200 o - 100 uA [ Forced mode Rawbeta
Heater votage I Forced mode SetPort
Hester OV ret | _ooov] T [ EnoblediDisabled forced
Hoator 08333 ref RN ISR = I onoft forced
Hester current B0 et [62 B3 [Ba [Bs [e6 [s7 | [ cordprotecton
Protectonvotage NI | vy [~ |~ - |- - - 73 18 | |_ CaraOverTemp

[~ Hester Over Temp

Protecton e votoge.  NENEEN NN | (2 55 [so (o0 for foc (0 74 2
£ ; [ Tremistor sbove [~ 7376C
I watchdog

Vard |00 [0 o4 |0 oo Joo loo oo

Calioration Curve 149948 [ power cyce
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AB_231L7H [He St : AB_1917M [
] Disable Rav/oto Calibration Set Constonts Deselect

Status | Trends | Regulation | 0088227 E3e7 T -|mf 1|
Status Operation Modes ms
- " w on | Ful Siopiterck ™ EHBS Diagnost
roseon I | A0 ] | el Diagnostic mode:  [Detaut B
unton [ eow | For s
u_; ‘:: Ve rF e I Diagnostic byte 1
I Warnings Name [vaiue [Type | Explanation
FotssteOntopered. Event rasked I eatsink 0 701 Storea”_|Normal, no cvertamp error
—_— Hequess I e [Thermistor reply selection 1 ealtme__byle 81 includes thremistori3.0] data
Ranges On Off | Alarm biocked I |[Extermal watchcog signal has stopp|0 ealtime | Normal, extemal walchdog signal is prasent
e el 7w || I— e F £F oul of bounds 0 ot Stored” | Notmal, REF signal within range
meret N 1 [ EnorCode for ChARelys 00 |Error Storec”_|Narmal, o error
Fongn M LA ""‘m 'E ErnorCode for Ch Relays 00 |Error Store” | Normal, no error
Overtermperature of Cha 10 |Error Stored™ | Normal, no overtemperature on Cha
Overtemperature of ChE 0 Error Stored® | Normal, no overlamperature on ChB
I R I T ol solcionor [0 Realime PGB confguraton Th sansorof C1
AutoMode | MenuntModo | Forcodtods | Aok orm | [ThCIFT selection for ChE {0 |Realtime _|PCB configuration. ThC sensor of Che.

Diagnostic byte 2 Diagnostic mode: Default
Name [value [Tme

| Expianation |

ErmorCode for overtemperature 0f CHOO | Lafest ermor stc Normal, no overtemperature

Zero cross jumper selection for ChE|01 |Real time.

ErnorCode for overtempersture of CH{00 | Latest emor stc Normal, no overtemperature

Z210 cross timeout 10 |Resltime |Normal, ZeroCross signal present and within limits
|Adressing from comm card is unst0|Realtime | Normal, Schb signalis stable
Zero cross jumper selection for Chl01 _|Realtme |PC8 configuration ZeroCross.

PC8 configuration ZeroCross.

Pending errorfor Chthatneeds to (0 |Error Storea™ | Narmal, no error for Cha
Pending errorfor Chilthatneedsto [0 |Error Stores™ | Normal, no ettor for Chil

0O604veg XeIPIOTWY, AUTOMATOTTOINKEVO oUCTNUA, 1 XEIPIOTAG 24/7.
2TOX0G: ZUVveXAGS D1a0eINOTNTA XWPIC oQAAuaATa.

gefcleared byissuing DisablefEnable on the Top channel
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