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The CERN Neutrinos to Gran Sasso project (CNGS) aims at directly detecting 
'';a- ,,, neutrino oscillations. An intense muon-neutrino beam ( 1017 v11 / day) i.s 
geoemtcd at CERN and dirceted lO\\'tirds the Gmn SaS$0 National Laboratory, LNGS, 
in Italy. 732 km MV3)' from CERN ,,·here large aod comple.x detectors \\'ill allo''' 
detecting.. in particuJar, the rare tau-neutrinos.. In summer 2006 the first CNGS physics 
nms \\'CJ'C canicd OUL allcr a successful commissioning of the CNGS facility. In the 
presently ap~roved physics programme, it is foreseen to run the facility for fi,,c years 
\vith 4.5·101 protons/year at 400 GcV/c on the CNGS target. The maximum proton 
intensity to CNGS i.s summari:1..cd for upgrades \vith different beam injector scenarios. 

I ntrod uction 
An overview of the CNGS neutrino beam facilicy11 at CERN is shown in Figure I. 

During a nominal CNGS cycle, i.e. evel)I 6s, two SPS extractions (I 0.5µs each, 

separated by 50ms) of2.4 ·1 0 13 protons each at 400GeV/c are sent down the 800m 

long proton beam line to the targeL The CNGS beam is extracted from the SPS 

Ltsing the same extractio11 chmmel as for one of the t\.\10 LHC beatns. After about 

100.n from the extraction point. a string of S\Yitch magnets is Lised in order to direct 

the beam either to the LHC or to the CNGS target. 

In the CNGS graphite target, pions and kaons are produced. The positively 

charged nfK are energy-selected al1d guided \Vith t\VO focusing Je11ses. i.e. horn and 



Rencontres de Moriond 2007

reflector. in the direction to\vards Gra11 Sasso. In the 1 OOOin long deca)'' vacL1wn 

rube these particles decay into m uQn·neutrinos and mL1ons. The analysis of the t\VO 

muQn detector s tations is used to deri\1e the intensity of the 11eutrino bean1 produced. 

the bea1n profile and a11 indicatio11 on the neL1trino beam specttLLm. 

800m ·-·- '"' 
.:I H~liu111 ~ays 

Ti . I \ 
ijrgel Reflector "'"'~"!: 
: Hnrn ' , • 
!~ 111111 ,,. I ~: , - . rl<;!!Oll!.1.Jl""'+-

r lOIOn I 
b~am ~'"""·~'~' 

.,,nn11n1! 

IOOm 1000.. 

Dway lub~ 

·-
vacuum 

Figure I: CNGS loyouL 

Beam Li nc Comm ission ing 
During three weeks in July and August 2006 the primaiy beam line (from the SPS 

extraction to the target) and the seco11dary bean1 Ji11e (fron1 the target to the muo11 

mo11itors) \Vere commissio11ed. The bea1n monitoring equipn1ent \Vas tested and 

measure1nents \Vere compared with s imulations. 

The proton beam position monitors (BPMs) revealed that the primary beam line was 

\.\1e ll nmed over its 800in after Oflly a minor magnetic correctio11. 

T he maximwn trajectOI)' bea1n excursion is \VelJ \Vithin the specification2>. The 

beam position stability 011to the target has been averaged 0\1er several days and 

measured to be -SO~Lm r.m.s. 3>4>. 

T he n1uon detectors provide 011-line feedback for the qualit)' control of the neL1trino 

beam. The muon detectors are :nitrogen-fiJ led. sealed ionizat ion chan1bers
5> a11d are 

designed to n1easure Lip to 1 o• 1nL1ons per c1n 2 and per extraction. lbere are 4 1 fixed 

detectors and one movabJe detector i11stalled in each of the t\VO CNGS n1uo11 
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detector chan1bers. They are assen1bJed in a cross--shaped array to provide the n1uo11 

i11te11sity and the \'erticaJ and horizont.aJ muo11 profile. 

Using the n1uo11 monitor profile information (ce11troid and symmetry), V\1e are able to 

optimize the alignment between the proton beam, the target and the horn/reflector 

(see Fig. 2). Tiie muon measurements confirmed the stability of the proton beam and 

showed that the beam equipment downstream of the target perfonned as expected•>. 
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Figure 2: Vertical muon profile in the second muon detector chamber for different beam versus 
target alig.nmcnts (Omm. +I mm, -1.Smm). Each pOint cones.ponds to a detector and shO\\'S the 

measured induced charges per proton on target (- 2700 charges/muon arc produced in a delcctor). 
The stati.st.icaJ accurltC)' is limited (as indicated b)· the fluctuations of the data p0ints) because the 

dynamic range oflhe readout electronics is adjusted to the nominal CNGS intensity (2.4· 1013 

p.o.t./extract.ion). The measurements ,,·ere performed \vith - 2· l 012 p.o.t./c.xtraction. 
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CNGS Operation 

The fi rst CNGS physics run s tarted as scheduled on 18'" August 2006 and lasted 12 

days. Another nm dedicated for beam optimizing has been foreseen for 2 weeks 

starting on 26" October 2006. This run had to be stopped after two days due to a 

\\1ater leak in the \\1ater cooli11g circuit of the reflector. During the physics run it1 

total - 8.5·1 017 protons \\1ere delivered to the target. The average bea1n il1te11sity 

during the physics run was at the order of - l .4·10" protons on target (p.o.t.) per 

extraction at 400 GeV /c. The n1a.ximLITTl bean1 intensity reached in 2006 was 

l.75·JO" p.o .t. per extraction. 

Analysis of the Maximum Potential P roton Flux to CNGS 

The limitations of the proton flux which can be sent to the CNGS facility have been 

studied together \Vith the estimation of the n1a.xirnLun attail1able fltLx7' for t\vo 

scenarios: (a) operating with the present injector chain, and (b) o perating with new 

injectors • LINAC4, SPL and PS2, as proposed by the PA F working group•>. The 

proton flux was calculated with the assumption of 200 days of operation per year 

and 800.4 injector availability. The inte11sity limitations coining fron1 equipn1ent (as 

designed) in the CNGS facility are summarized in Table I. 

\Vith the present injectors, the maximum achievable beam intensity in the SPS is 

estin1ated at 5. 7· l 011 protons per c)rcle \\rith machine impro\rements ain1ed mainly at 

beam loss reduction. \Vith 5. 7· IO" protons per cycle, about I. I · I 020 p.o .l per year 

can be obtained in the scenario of 85% of the SPS beam time dedicated to CNGS. 

\Vith new injectors (after 2016), assuming a major upgrade of the SPS RF power 

capability and solL1tions to the e-cloL1d problems. beam instabilities al1d the heating 

by the beam current of nLtmerous equipn1e11t in the SPS. the ma.ximun1 nLunber of 

protons accelerated per SPS cycle can reach I · 1014
. The integrated proton flux can 

potent ially a ttain 2.4· I 020 p.o .l per year if the SPS is dedicated 85% of the time to 

CNGS and the SPS cycle length is 4.8 s. Beyond 7 ·10" p.o.l per cycle and/or 
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beyond 1.38· IO"' p.o.L per year, the design limit of most of the secondaiy beam line 

equipment is reached and a fLdl redesign is mandatory to address higher i.J1tensities. 

Table I: Intensity limitations from equipment (as designed) in the CNGS facility 

lntensit)' lin1itation Protons Protons per Proton flux !protons on 
per batch 6s cycle target per yearl 

Radiation protection Soil/concrete activation: 
calculatio11 and 4.5· 10 19 

optim isatio11 Air/\vater activation: 
7.6· 10 19 

Target design 3.5· 10 13 l.4· 1014 Radiation damage: 2 · 1D2" 

Horn design 3.5· 10 13 7· 1013 Hom air cooling s)1ste1n: 

(2.x 101 cycles) l.38· 1D2" 

Shieldi11g. 
Cooling: 

Decay Tube, 
l.38· 1020 

Hadron stop design 

Kicker syste1n 3.5· 10 13 I ·I 0 14 

l11stnunentation 3.5· 1 o" 

Operation beyond the present nominal CNGS parameters implies that all radiation 

protection calculatio11slstudies have to be revised. inclL1dil1g radioactive \Vaste 

studies and the corresponding area classifications. A new INB approval from IRSN 

will be mandatory for operation beyond nominal parameters. The replacement of the 

initial equipment in the target cavern aller the nominal 5 year nm for CNGS will be 

extren1ely challenging a11d its many )rears radiation do\.vn-coolit1g time must be 

estimated. In the second scenario (new injectors) the CNGS facility itself will need a 

major rebuild, because o f the difficulty to replace the fi rst generation of equipment 

i11 the target building (activation and risk of contamit1ation) and also because of the 
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need to reassess all radiatio11 protectio11 issues and to dimension the ne\v eqL1ip1ne11~ 

tunnel and cavern accordingly. 

Sun1111ar)' 

The CNGS facility has been successfully commissioned and operated for a first 

physics ru11 belo\V non1inal intensit)r. The true challenge of CNGS starts 110 ... v, with 

the plaru1ed continuous high intensity operario11, resulting in high radiation levels in 

much of the CNGS area and in fatigue effects on target, horn and reflector from 

puJsed operation ru1d fron1 the beam impact 011 the equipn1ent. 

The experience that will be gained operating the present CNGS faci lity w ill be 

cruciaJ to benclunark the design ''alues, confim1 or improve the models 111sed i11 

shnLtlations, and hence contribL1te to the design of any upgraded future facility. 
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