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CNGS Project

e L

CNGS (CERN Neutrino Gran Sasso)
> A long base-line neutrino beam facility (732km)
> send v, beam produced at CERN
> detect v_ appearance in experiments at Gran Sasso

BBBBBB

=» direct proof of V- Vz oscillation (appearance experiment)

IEEE, 2 Nov. 2006 Edda Gschwendtner, CERN, Geneva 3



IEEE, 2 Nov. 2006

*
i N Posc” Orce
N1 (arbitrary units)

vu-fluence

/

40

E., [GeV]

20

Edda Gschwendtner, CERN, Geneva

Beam optimization:

> Intensity: as high as
possible

> Neutrino energy:
matched for v -v,
appearance experiments

Product of
1. Oscillation probability
vV~ V.

2. Production cross-section
v, with matter

3. v, —fluence(E)

+ Detection efficiency in
the experiment



CNGS Layout
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Beam parameters

Nominal CNGS beam

Nominal energy [GeV]

400

Normalized emittance [um]

H=12 V=7

Emittance [um]

H=0.028 V=10.016

Momentum spread Ap/p

0.07 % +/- 20%

# extractions per cycle

2 separated by 50 ms

/

Batch length [us]

105 /

# of bunches per pulse

2100 /
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~500kW beam power

Intensity per extraction [103 p] 2.4 <

Bunch length [ns] (40) 2

Bunch spacing [ns] 5

Beta at focus [m] hor.: 10 ; vert.: 20 FE FE
Beam sizes at 400 GeV [mm] 0.5 mm i
Beam divergence [mrad] hor.: 0.05; vert.: 0.03

Expected beam performance: 4.5 x 101° protons/year on target _T{ g5
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Schedule

2000 | 2001 | 2002 | 2003 | 2004

2005 | 2006

Civil Engineering
excavate civil engineering pit, tunnels and caverns;
concrete / shot-crete tunnels and caverns

Install hadron sto

iron + graphite blocks, aluminum pIaE+ water cooling

Install decay tube

lower decay tube sleeves, weld together, pour concrete

Civil Engineering - phase 2

finish concrete floors, close provisional CE pit

Install general services

electrical services, ventilation, cooling water, etc.

Install equipment

proton beam line, target, horn+reflector, shielding

Commissioning w/o beam

First beam:
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~ MBG (Dlpoles) e Vo QTG (Quadruples)

- 73 magnets (5 spares) 20 magnets (3 spares)

Gap height 37mm o = Magnetic aperture-: 45mm

Nominal fleld “1 7T @ 400 GeV ¢ g Nominal gradient 40 T/m, 2.2m long
Magnetlc Ien;gfh 6 o o

MDG (Corrector Magnets)
12 magnets (5 spares)
Gap height : 45mm
Bending angle 80mm, 0.7m long




BN collimator, d=14mm

¥: —

Be window, t=100um

B v
'- I \

Proton beam: last beam position / beam profile monitors upstream of the target station
collimator and shielding



Commissioning Plan

e Hardware commissioning Feb. — April 2006
> Beam instrumentations
> Power supplies
> Magnets (polarities)
> Vacuum system
> (April / May: Target / Horn exchange excercises ‘real’)

e ‘Dryruns’ from CCC April — May 2006
> Timing
> Controls
> Interlocks
> Beam permit
> Magnets (currents & polarities)

e Commissioning with beam 2006: weeks 28, 30 and 33
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fa LHC Logging Chart - Microsoft Internet Explorer provided by CERN |
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CNGS Commissioning: :

1.253F13 : 15 _—1.23513
total number of protons used: 7x10 :

e 1x108 (equivalent to 1 hour of CNGS running with nominal beam)
DED;JII | U . III_JI “ :

T
Aug-2006

week 28 week 30 ™ week 33

Highlight not available for the Active Data Set at this zoom level.



8 profile monitors (BTVG):

Optical Transition Radiation screens: s
.« 75 um carbon TG,
¢ 12 um titanium screens
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Average of two extractions. 1E13 protons per batch
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=» Beam position stability onto the target over the 3 first days: ~50 pm rms
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CNGS Target Elements

10 cm long graphite rods, @ = 5mm and/or 4mm

— I B E B O B O B S rod =4 mm

proton rod @ =5 mm
beam 200 cm
proton beam focus
Note: - target rods thin/interspaced to “let the pions out™

- target shall be robust to resist the beam-induced stresses

- target is air-cooled (particle energy deposition)

IEEE, 2 Nov. 2006 Edda Gschwendtner, CERN, Geneva 16



IEEE, 2 Nov. 2006 Edda Gschwendtner, CERN, Geneva



Secondary emission monitor, 12 um Ti foils, diameter = 145mm

—

-
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o Measures all chard_ed pér_t'i'éles downstream the target
> Check efficiency of particle production in the target
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Horizontal Beam Scan, Target IN

Intensity on TBID vs. BPM2 position
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Installatlon of the horn in the target chamber

e




Horn/Reflector Power System

horn current [KA]
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Helium bags Decay tube Hadron sto
/ \
Target / Reflector\_//ééﬁafzw;
Horn 2 .
—> =g . Pion / Kaon ! =]
Protonh ' .
beam / ’ I—

A R /xf/fx 77

Monitoring of:
> muon intensity
> muon beam profile shape & centre

Muon energy filter due to 67m rock in between pit 1 and pit 2.

Muon intensity:
Up to ~8x107 per cm? and 10.5us
— Detector choice: ionization chambers
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horizontal muon detectors pitl, target out, horn/refl off, ~ 3E11 protons
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Horizontal Angular Scan, Target Out

horizontal muon detectors pitl, target out, horn/refl off, ~ 3E11 protons
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Muon Monitors, Horizontal Pit 1

comparison measurement-simulation, horizontal pitl
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»3 LHC Logging Chart - Microsoft Internet Explorer provided by CERN il
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Beam Events at Gran Sasso

horizontal projection
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CNGS construction started 2000
Installation finished beginning 2006
Detailed hardware commissioning
‘Dry runs’
> Allowed early debugging of all systems

— CNGS has been successfully commissioned

e The challenging part (high intensity operation) starts now
> Very high radiation levels
> Fatigue from beam impact (shocks) on equipment

> First surprise last Friday: Water leak on external cooling circuit
of the reflector
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