CNGS - CERN Neutrinos to Gran Sasso

> "Neutrinos” and “"Gran Sasso”

> Main components, layout at CERN,
“magnetic horns",

expected CNGS beam performance

> Status of works - Schedule

> Summary
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What are Neutrinos (n) ?

= elementary particles Leptons
electric

= come inthree flavors (LEP) particle charge
(pistachio, , vanilla) =28 e

N

= electric charge: zero |

very small m

= interaction with
matter: "very weak"

" the elusive particle * .
t
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Where are the Neutrinos ?

= “all around us”
-> radioactive decay of atomic nuclei (e.g. in granite)

n-->p+e+n,

-> nuclear reactors
-> from the sun

p -->m+

-> from reactions of cosmic rays in the atmosphere
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How do we detect neutrinos ?

neutrinos interact VERY rarely with matter - when they do,
they often produce a lepton of their "own character”.

NOTE: a minimum amount of energy is needed

(to create the mass of the lepton):
mg=05MeV, - mp =106 MeV - m; =1770 MeV

The higher the neutrino energy, the more likely the interaction |
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Neutrino mass ?

= Standard model of particle physics:

= "Direct” mass measurements ->upper limits

( in decay experiments measuring kinetic energy of “the partner”)

m.<5eV m. < 18 MeV
= What's the problem ?

only about 50% of the I, expected are actually observed: I, diSClppZCll"
“en route” from the sun to the earth ...
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much less 1N "from below"
observed w.r.t. expectations

disappear “en route”
over 10'000 km ... ?

/10000 km
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Neutrino Oscillation

Is this possible?
--> Yes. "if neutrinos have mass"!
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GRAN SASSO

|S=——== —— N

In Dec. 1999, CERN council approved the CNGS project:

. build an intense N beam at CERN-SPS

- search for N, appearance at Gran Sasso laboratory
( from CERN)

-- N,

note: K2K (Japan) running; NuMI/MINOS (US) under construction
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ORGANISATION of CNGS

m Convention j INFN

‘ bilateral co-ordination ’
committee

‘ CERN and LNGS ’
scientific committees
\ / \ /

builds and operates operates the Gran Sasso

CNGS neutrino beam underground Laboratory,
\ which houses detectors

\

special contributions
finance large part of CNGS
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G
S

The Gran Sasso Laboratory

MIEZZAND




The Gran Sasso Laborator
(LNGS)




might seem too short -
but look at the details :
Background low enough,
event rate still acceptable
--> 730 km almost

AND, VERY IMPORTANT:
- existing laboratory with

its infrastructure (since 1987)

- large halls directed to CERN

- caverns in the GS mountains:
1500 m of rock shielding

- tradition in very successful
neutrino physics experiments
(solar n's)
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Detecting n; at Gran Sasso

-> look for the t lepton:
extremely difficult -

L travels only about 1 mm before decaying

-> two approaches:
(a) very good position resolution (see the decay “kink") -> OPERA
(b) very good energy and angle resolution -> ICARUS
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OPERA:

walls made of bricks (total more than 200'000)
-> bricks made of "sandwiches”
-> sandwiches made of lead and nuclear emulsion
(type of “photographic” film)
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ICARUS: multi-purpose detector !

- 5000 tons ultra-pure liquid argon
- provides “electronic” picture of interactions

-> example from 600 t module (2001 - cosmic ray):
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electronics, .
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PRELIMINARY LAYOUT

ICARUS T600 - e

ts and is working
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CNGS beam-line: the main components (1)

(based on CERN experience: PS / SPS neutrino beams -> WANF)

Decay tube Hadron stop

s A S A, Lt S

Target Hom Reflector s

.""‘.' g iy
llI'l

o

Proton il
beam

p + C ® (interactions) ® ® (decay in flight) ®
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CNGS: the main components (2)

700 m 100 m 1000m 67 m

Helium bags Decay tube Hadron stop Muon detectors

Target Reflector ' sz nK-decgy 77/ 7/

Horn b :
— =.=':'- ' — Pion / Kaol H_E’TLL_G_ —
Proton Il S | Neutrine N

beam

s
i
.l'./ "'

vacuum

p + C ® (interactions) ® ® (decay in flight) ®
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expected CNGS muon profiles
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CC events / ton / 10'*pot

detector cross section
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Radial distribution of the
n- beam at 6ran Sasso

note: 1mm ->1km
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Number of particles expected per year:

For 1 year of CNGS operation, we expect:
(4.8x10"3 protons in SPS, 55% efficiency -- 1997)

oh target

pions / kaons at entrance to decay ftunnel 5.8 x 101°
muons in first / second muon pit 3.6 x 1018/ 1.1 x 107

N,,in 100 m? at Gran Sasso 3.5 x 1012

N, "charged current” events per 1000 1 » 2500
(n+N->N+m

N, events (from oscillation) » 20 “detectable”
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CERN

Prévessin

Preveéssin-Moéns

LEP/LHC
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Site BA4
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Altitude :
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CERN NEUTRINOS TO GRAN SASSO

Underground structures at CERN Nooers thats

PCGCN
SPS/ECA4

ISSm

B s Works SPS tunnel

LHC/TI8 tunnel

Target

e Rt Service gallery

Decay tunnel
LEP/LHC tunnel .

pions
kaons

Hadron stop
and first muon detector

Connection gallery
MmLons i to TI8/LHC
neutrinos a}/

Second mucn detector

neutrinos  ;/.
to Gran Sasso 7.
L]




CNGS civil engineering

more than 3 km of tunnels and caverns
(diameter 3.1 m -> 6.0 m)

more than 45'000 m3 rock
to be removed

more than 12'000 m3 concrete
to be "sprayed” or poured
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CNGS -- proton beam (1)

-> protons from SPS
-> fast extraction under construction in point 4

-> this extraction system -> LHC
transfer line (but modified for CNGS)

-> CNGS p-beam branches off after » 100 metres

-> 700 metres of proton beam line fo CNGS target
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CNGS -- proton beam (2)

21 quadrupole magnets + correction dipoles
+vacuum/+ beam observation + ...
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proton beam tunnel
cross section

(preliminary)

CERN Neutrinos to Gran Sasso

20 September 2001 Seminar for CERN guides, by K. Elsener




CNGS -- target station (1)

r=3.25m /

Target Chamber

< To service gallery
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CNGS -- target station (2)

-> 10 c¢m long graphite rods,

——> B B = I B B B BN B rod ¢ =4 mm
proton pd®=5mm
beam : 200 cm

proton beam focus

Note: - target rods interspaced to “let the pions out”

- target is helium cooled
(remove heat deposited by the particles)
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CNGS -- focusing devices (1)

Hom

length: 6.5 m
diameter: 70 cm

weight: 1500 kg

Pulsed devices:
150kA / 180 kA, 1 ms

water-cooled:
distributed nozzles
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Principle of focusing with a Magnetic Horn

magnetic volume given by “one turn” at high current:
specially shaped inner conductor
- end plates
" cylindrical outer conductor

35 GeV positively charged particles leaving the target

B.5m

pulsed _
curment @ B (magnatic valume)
7 150 kA,

inner conductor
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secondary beam focusing with horn/reflector

trajectories of positively charged particles
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trajectories of positively charged particles
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CNGS -- focusing devices (2)
(collaboration with IN2P3, Paris)

Design criteria:
>95% probability to work for 5x107 pulses
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CNGS -- focusing devices (2)
(collaboration with IN2P3, Paris)

The inner conductor:
- as thin as possible (particle absorption)
- as thick as necessary (mechanical stability)
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CNGS -- focusing devices (3)

I!':: .

Horn prototype tests in BA7:
1.5 Mio pulses in 2000
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CNGS -- decay tube + hadron stop

Hadron stop
Decay pipe

- dimensions of - hadron sTop:

decay tube: . 3.2 m graphite
- 2.45 m diameter steel tubes, - 15 m iron blocks
6 m long pieces,
- welded together in-situ - upstream end:
- vacuum: ~1 mbar water cooled

. tube embedded in concrete
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CNGS -- muon detectors

Hadron stop

Decay pipe
Proton
beam
-

n detector

e second muon detector

k=
000
2000000
260

]
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CNGS schedule

@ 9 9.

2000 2001 2002 2003 2004 2005

Givilengineering [N

Install hadron stop,

decay tube sleeves, [ T 1

general services

Equipment installation [ ]

Commissioning -

First beam to Gran Sasso: May 2005
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CNGS status -- Civil Engineering (1)

ground breaking ceremony:
12 October 2000
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CNGS WORKS
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CNGS status -- Civil Engineering (3)




...before the summary...
for more information:

-= .CNGS general description

+ web pages
The CERN neutrino beam
to Gran Sasso

Betotarant) CEMERAL DESCLIPTION OF THE PREOJECT
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SGRAN_SASSO

CERN NEUTRINOS TO GRAN SASSO

gy NTER P

http://proj-cngs.web.cern.ch/proj-cngs




SUMMARY ... (the movie)

CERN Neutrinos to Gran Sasso

20 September 2001 Seminar for CERN guides, by K. Elsener




