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CNGS (CERN to Gran Sasso beam)

<E>=17 GeV, L =732 km
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CERN NEUTRINOS TO GRAN SASSO
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All the experiments indicate v, —v,
as the dominant oscillation mode

but still missing:

direct observation of
oscillated v,
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Detection of the t decay:
the challenge is to distinguish v_
interactions from v, interactions
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lead—nuclear emulsion target
segmented into basic units
called bricks

What the brick cannot do:
* signal a neutrino interaction
* identify muons
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Target:1350 tons
5 year running @ 4.5 10 *°
e 22,000 neutrino interactions

Target (0.68 kton)

29 lead/emulsion brick walls,

» ~11 v_identified alternated to scintillator planes,

* <1 event of background (TrT )_tc_> select the b.”Ck .
containing neutrino interaction

m | P

* ~110 v, interactions

Muon Spectrometer
Magnet equipped
with 22 RPC planes:
ID muons , charge and
momentum measurement
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t decay
channel

Signal

Am?2 =2.5x 103 eV?

Am?2 =3.0 x 103eV?2

Background
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Brick (basic unit)
56 Pb (1mm) plates + 57 emulsion films

Emulsion film
2 emulsion layers (44 um thick)
poured onto a 200 um plastic

CS doublet (connection T T- brick)
two double refreshed emulsion films,vacuum |
| packed and glued onto the bottom of each
brick

- bRl L

, Total target mass : ~ 1350 t
' (~150000 bricks, 9M emulsion plates)

MTM: Venice, | 772008 13
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~Including 15% contingency (~3 weeks)

brick production/filling
June 10t
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5 development
chains ready

Maximum rate:

~ 50 bricks/day
(16 hours)

‘ MM enice, April 1782008
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20 ~ 30 bricks will be daily extracted from the target
and analyzed using high-speed automated systems

)

European Scanning System | S-UTS (Japan)

scanning speed ~ 20 cm?/h
" High speed
CCD Camera (3 kHz)

L Piezo-controlled
objective lens

Synchronization of
& objective lens and stage

Customized commercial optics and ; | Constant speed stage B
mechanics + asynchronous DAQ software '

MIM Venice, April 1732008
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Fully automated scanning at high speed ( > 20 cm?/h)
" Field of view
,._""..3QO'rhicronT :
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16 tomographic images
2D Image
processing
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331 events passed the analysis cut CNGS operated

303 had been expected: in the same conditions as in
ratio similar to the one observed in 2006 2006 run
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8 events register ing the
w 8.24 1017 p.o.t. 2007 CNGS : _

29CC  9NC

Venice, Apri
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LNGS- European Scanning Station

-

No candidate on CS
Good candidate on CS

F 4

Japan - Nagoya Laboratory

No candidate on CS
Good candidate on CS

36 out of the 38 events have a good CS tagging
most of the predictions were found in ~ 2-3 centimeters

VI IV ) ‘Venice, Aprll 008 6
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All events 19 (15 CC, 4 NC)

Events confirmed in the CSd

Events located in the bricks
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TOP VIEW (Horizontal projection)
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Secondary Vertex

Daughter momentum = 1.9 #07
8., = 0.031 rad
Flight length = 5901 um
‘ ' P, =59 MeV

MM E e, ApriiE 72006
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TOP VIEW (Horizontal projection)
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Event 173520769 Tra T TY IP (1

cks m)
PRELIMINARY 1 | 0012 | 0160 | 1.9

-0.739 0.095 4.7

-0.033 -0.060 6.3

AW DN

-0.015 0.065 4.1

Ey,:~510 MeV
Ey,:~260 MeV
6,, : 300 = 20 mrad

compatible with n® > 2 vy :

estimated n° mass: 110 = 30 MeV

MIM Venice, AprlilZ#2003



TOP VIEW (Horizontal projection)
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SIDE VIEW (Vertical projection)
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Brick to brick connection: distance 55500micron
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TOP VIEW (Horizontal projection)
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Flight length = 3247 um
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P,MN= 606 MeV (90% C.L.)
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Proton beam tunnel
TT41

Junction chamber

Designated “radiation safe”
areas for electronics

/—m Access gallery

electronic equipment
LR Ventilation chamber

TSG41
TSG42
TSG43
T5G44

TSG45

electronic equipment
| L ®T: ] Service gallery

TSG46
15G47
TSG48

TND4

Decay tunnel
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The failed ventilation electronics were installed along the TSG4 (service gallery), next to the
ventilation ducts, and in the TCV4 (ventilation chamber).

In both areas the radiation levels, as predicted by the FLUKA simulations and confirmed by
the radiation protection measurements, are far too high for COTS components —» the
electronics should have failed and they did

During the 2007/2008 shutdown, work is organized to remedy the problem and assure
nominal running of the facility for 2008 and beyond.




General guideline:
Replace damaged electronics
Move the electronics out of the CNGS tunnels as possible

i

For the equipment which must stay in the area:

1) Create a “radiation-safe” area by adding adequate shielding and move all the
electronics into this area

2) Address the sensitivity to radiation of the installed electronics and investigate upgrade
possibilities

3) Install a radiation monitoring system for electronics as in LHC




Radiation damages repair and protection:

the work is fully funded
electronics repair and reshuffling has started

shielding plugs defined, civil engineering starting
completion of the work expected by the end
of week 23 (June 6th)

stable beam during week 25 TSG4 sh |e|d|ng

(~June 20th)

Venice, April 17,2008
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Neutrino events have been observed in the OPERA bricks during the short CNGS run of 2007:

With the collected small sample, several issues were faced and solved

Brick candidate extraction, brick handling, CS scanning , vertex location: tested the full chain

Analysis and kinematical reconstruction of the neutrino interactions in emulsion are in
progress

Next CNGS run with full target expected by june 2008 : First OPERA year !
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