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ASPERA Amsterdam Meeting September 20th-21st

Long baseline neutrino experiments
• Study neutrino flavor oscillation at baseline L and neutrino energy E

• The goal of long baseline neutrino oscillation experiments is to precisely measure the 
mixing matrix and mass differences (squared) and answer to important questions such 
as:

Is θ23 mixing maximal? (present limit: sin2(2θ23)>0.92 at 90% C.L ) 

Is θ13 different from zero? (present limit: sin2(2θ13)<0.1 at 90% C.L )

Is there CP violation in the leptonic sector? (i.e. is δ≠0?)

Is there normal or inverted hierarchy? (i.e. which is the sign of ∆m2
32?).

OR? 
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Tokai to Kamioka (T2K)

• 2009 Phase I : θ13, θ23, Δm223

• J-PARC : 0.75 MW 40 GeV
• SK-III :  22.5 kT FV, full PMT 

coverage

• >2015 Phase II :  θ13 , δCP ? 
• J-PARC :  4MW 50 GeV
• HyperK ?: 1 MT scale ?

3

Far detector : Super Kamiokande

ν beam : J-PARC facility
Japan Proton Accelerator Research Complex

Currently 28/62 European institutes, 
~175/380 European names 
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J-PARC (Japan Proton Accelerator Research Complex)
Joint Project between KEK and JAEA

MW power proton beams at 3 and 50 GeV

T2K Experiment Overview Tokai Site

Tokai site

Nick Hastings University of Tokyo

The T2K Neutrino Oscillation Experiment
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J-PARC
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Nov 2006
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J-PARC
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Upstream of 
Linac Tunnel

Neutrino
Tunnel

50 GeV Tunnel

From 3 GeV to
Materials and Life

Middle of 
Linac Tunnel

From Linac
to 3 GeV

3 GeV
Extraction Point

Tunnel
Tour

JPARC
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Neutrino beamline (design for MW)
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T2K Experiment Overview Neutrino Beam

Beamline

Nick Hastings University of Tokyo

The T2K Neutrino Oscillation Experiment

•3.3 x 1014 ppp, 4.2µs bunch
•Repetition rate: 3.64 s
•0.6 MW beam @ 40 GeV
•Graphite target
•3 horn focusing system
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Future neutrino beams worldwide

JPARC FNAL CERN
design upgrade w/o PD w PD CNGS CNGS’ CNGS+

dedicated
Proton energy Ep 40 GeV/c 120 GeV/c 400 GeV/c
ppp(×1013) 33 > 33 9.5 15 4.8 7 14
Tc (s) 3.64 < 3.64 1.6 1.467 6 6 6
Efficiency 1.0 1.0 1.0 1.0 0.55 0.55 0.83
Running (d/y) 130 130 230 230 200 200 200
Npot / yr (×1019) 100 " 700 120 200 7.6 11 33
Beam power (MW) 0.6 4 1.1 2.0 0.3 0.4 1.2
Ep × Npot 4 28 14.4 24 3 4.4 13.2
(×1022 GeV×pot/yr)

Table 1: Assumed parameters for the various beams at JPARC [18] , FNAL [21, 20] and
CERN [1, 23, 24].

The current nominal proton intensity per CNGS pulse is 4.8 × 1013 at 400 GeV/c 1. This
number is only slightly below the intensity record achieved in the SPS in 1997 after careful
tuning of all the accelerator complex. Since that time the CERN PS and SPS machines have
had major upgrades in preparation for the LHC beam. In September 2004 a total intensity of
5.3× 1013 was accelerated to top energy in the SPS. Following the studies for the CNGS, it was
found that the RF acceleration of the SPS could be shortened by 0.2 s, allowing to reduce the
length of the CNGS cycle from 6.2 s to 6.0 s, with a considerable positive impact for the possible
protons on the CNGS target, since the total cycle could be reduced from 7.2 s to 6.0 s.

In dedicated mode, the CNGS should be able to deliver 7.6 × 1019 pots/year [1]. This is
computed assuming 4.8×1013 ppp, a cycle of 6 seconds, a running of 200 days and an efficiency of
55%, corresponding to a beam power of 0.3 MW. This is summarized in Table 1. This situation
is to be contrasted with the JPARC or FNAL facilities.

At JPARC the baseline power is 0.75 MW [18]. Using a design 33× 1013 ppp, a cycle of 3.64
seconds, a running of 130 days and an efficiency of 100% at 40 GeV/c actually yields a beam
power of 0.6 MW. Starting in 2009, the beam power should be 0.1 MW and be ramped up to
design intensity and beyond in the following years [19]. Future upgrades of the JPARC complex
consider an increase of protons per pulse and a reduced cycling time, to bring up the power to
4 MW, although this is known to be a rather challenging goal.

At FNAL the current design of the NUMI facility should be 400 kW. From May 2005 until
March 2006, an average of 165 kW with a peak at 270 kW has been achieved [20]. After the
FNAL collider shuts down, better performances should be reachable at the NUMI beam. With
9.5 × 1013 ppp, a fast cycle of 1.6 seconds, a running of 230 days at an efficiency of 100% with
an energy of 120 GeV/c, a beam power of 1.1 MW is attained. A completely new proton driver
(a 8 GeV linac) could raise the power to 2 MW [21]. Plans to reach similar beam powers exist
at BNL [22].

1We recall that the aperture of the extraction line from the SPS to the CNGS target is designed for protons
with momenta above 350 GeV/c.

3

JHEP 0611:032,2006

T2K phase 1 goal: 1e21 pot/year
Upgraded beam: 7e21 pot/year (28 e22 GeVxpot)

CNGS dedicated  ≈ 2x OPERA beam (2007-2011)

8

New LHC injectors 
>2016 ?FNAL ≈ 5x MINOS beam 

(post Tevatron)
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JPARC commissioning scheduleSchedule of beam commissioning

MR :

Off-beam commissioning will be started in December 2007.

Beam commissioning will be started in May 2008.

1st stage 2nd stage 3rd stage

now

9



➡ Appearance

➡ Disappearance 

T2K  main  measurements

sin2 2θ13

sin2 2θ13 > 0.01

δ(∆m2
13) < 10−4 eV2

δ(sin2 2θ23) ≈ 0.01
∆m2

13

sin2 2θ23

Δm2 = 2.5x10-3eV2
sin22θ13 = 0.05

0.35-0.85 GeV :

Signal :109 evts
Bkg. : 26.6 evts

beam νe

νμ BKG

SuperK selected e-LIKE evts

SuperK selected μ-LIKE  evts

non-QE Bkg.

osc. max.

2.5º peak energy ~ 650 MeV
beam nue ~0.5%

υµ→νe

υµ→νµ
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ND280 Near Detectors 
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36
m

3°

2°

SK direction

16
m

5m

FGD
MRD

Neutron shield

~14m

SK

 ν beam

ND280 Pit

INGRID

SK

BEAM

ND280 OA

➡ To be measured before oscillation: Beam flux, Beam νe 
contamination, non-QE background 

➡ Near detector tasks : 
• SuperK νe background < 10%
• νμ event normalisation < 5%
• Energy scale <2%
• Beam linear distortion < 20% 
• Width < 10% 
• non-QE/CCQE at 5-10%

3 TPC modules
MicroMegas pads

Position resolution < 0.8 mm
Mom resolution to 1GeV <7-8% 

2 Fine Grained 
2x1.3t target detectors 

(FGD)
FGD1(C): X-Y plastic 

 FGD2(H20): X-Y plastic+passive 
water target
8k channels

Tracker Calorimeter
X-Y fine grained Pb/Plastic

Eres ~7.5%/√E
20K channels

 

Side muon ranging 
detector  (SMRD)

UA1/NOMAD magnet
B=0.2 T

11
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ND280 pit area
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March 2008
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Far detector: SK fully reconstructed (October 2005 – April 2006)
~6000 ID PMTs were produced from 2002 to 2005 and were 

mounted from Oct.2005 to Apr.2006. 

All those PMTs 
were packed in 

acrylic and 
Fiberglass 
Reinforced 

Thermoset (FRP) 
cases. 

Mount PMTs 
on a floating 

floor.

Pure water was supplied and SK-III data 
taking has been running since July 11, 2006.
+ New readout electronics (Summer 2008)

13



2km detectors  (LOI) 

14

➡ Strengthen prediction of far detector flux 
through measurement (~2 km away) 
using : 
• Almost same beam flux as far detector 

• Same target material

• Same detector technology and reconstruction 
analysis

➡ Check ND280+NA61 prediction before 
oscillation

➡ Combine ND280+2kM measurements
• Reduce further the systematic errors

• Understand better the νe backgrounds 2KM prediction

SK  BKG  

ΦSK / Φ2KM

LAr +H20 
target

Water 
Cherenkov

MRD

Submitted to JPARC PAC and 
US DOE (CD0 approved)

14
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T2K Physics Sensitivity (Phase I)

Stat. only

--68%CL
--90%CL
--99%CL

Goal
δ(sin22θ23)~0.01     
δ(Δm23

2)~<1×10-4

(OA2.5°)

νµ disappearance

KASKA 90%
(NuFact04)

CHOOZ
90%

>10 times improvement from CHOOZ

νe appearance
(Strong δ dependence )

sin22θ13

5x 1021 pots

15
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Swiss contributions to T2K

• ND280 magnet project (refurbishing @ CERN, shipping 
from CERN to Tokai, installation @ Tokai, operation and 
calibration @ Tokai)

• Contributions to ND280 TPC

• 2km LOI

• Liquid Argon TPC R&D

• NA61 @ CERN (see specific talk)

16

UniBe, UniGe, ETHZ: in total ≈15 physicists, ≈8 PhD 
students, ≈8 engineers/technicians

16
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Magnet related tasks

1. Engineering of magnet (including seismic analysis - very different)
2. Dismantling yokes and refurbishing yokes, coils & carriages at CERN
3. Shipment of yokes, coils and carriages to Tokai
4. New rails, rollers, damping springs & moving system (parts from 

HERAB)
5. New power supply and power cables
6. New slow control system
7. New cooling-water system
8. Re-mounting of yokes
9. Yokes installation including new alignment constraints (SMRD)
10. Coils installation including new preparation for ECAL support
11. Finish installation
12. Magnet test & pre-commissioning
13. Field map measurement

2008.06

2009.04 

17
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Magnet engineering and integration
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ND280 magnet installation (9/28/07) 

2.0  REFERENCES 
 

2.1   ACRONYM LIST  

 

C  Yoke module 

ECAL Electromagnetic Calorimeter 

MMS Magnet Moving System  

MCC Magnet Cooling Circuit 

MCS Magnet Control System 

MEC Magnet Electrical Circuit 

MSS Magnet safety System 

SMRD Side Muon Range Detector 

T2K Tokai to Kamiokande 

 

3.0  MAGNET OVERVIEW 
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ND280 magnet installation (9/28/07) 

 

• Several fixes & updates

• Feed-back from seismic analysis

• New rails

• New MMS

• Carriage fixing

• Position in pit

• ...

18
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ND280 magnet installation (9/28/07) 

 

5.3 PROCEDURE TO LIFT INDIVIDUAL PIECES 

 

The Yoke’s legs are first placed on the ground, and then rotated (using bolts) in vertical position 

(see pictures) 

Directly connected 

with bolts  

Aluminium protection 

Dismantling for shipment Coils pressure & 
electrical tests (Blg184)

Tested to 25 bars, up to 1.35 kV for 30s

19



before afterMagnet 
refurbishing 
e.g. yokes...

16 yokes 
53 tons each

20



New magnet moving system

Rollers Interface

Carriage + interface
Shipment carriage pre-

mounted
21
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ND280 magnet installation (8/30/07) 

 
 
 

 
ND280 magnet:  

List of components 
 
 
 
 
 
 
 
 

 

 

 
 

Eidgenössische
Technische Hochschule

Zürich

Ecole polytechnique fédérale de Zurich
Politecnico federale di Zurigo

Swiss Federal Institute of Technology Zurich 

 
 
 
 
 

0.4 Fix small typos AR AR   8/30/07 

0.3 Update drawings AG AR   08/22/07 

0.2 Update drawings AG AR   08/15/07 

0.1 First Issue AG AR   08/02/07 
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ND280 magnet installation (8/30/07) 

 

2D DRAWINGS FOR SHIPPED PARTS 
 
In the following pages there are the 2D drawings of the parts that will be sent. Some parts are not designed 
in details but are described for having an idea of the dimensions and the weight.  
 
 
List of Drawings: 
 

Appendix A: Magnet Yokes and Accessories to handle yokes 
 
 -) Yoke:       16 Pieces 
  -) Yoke dismantled 
 
 -) Lifting Jig: 
 
  -) Lifting Jig Beam    1 Piece 
  -) Connection Lifting Jig – Crane  2 Pieces 
  -) Connection Lifting Jig – Yoke   4 Pieces 
 
 -) Hydraulic Jack     4 Pieces 
 
 -) Mechanical Jack with support ( Detonated view) 
   
  -) Mechanical Jack with support   12 Pieces 
 
 -) Box with Bolts     1 Piece 
 

Appendix B: Carriages and Magnet Moving System (MMS) 
 
 -) Carriage:      2 Pieces 
 
 -) Interface to Carriage     8 Pieces 
 
 -) Rail       8 Pieces 
 

-) Rollers with Hydraulic damper   8 Pieces 
 
-) Hydraulic movers      2 Pieces 
 
-) Control unit      1 Piece 
 
-) Floor fixing Carriage     4 Pieces 
 
-) Carriage fixing Floor     4 Pieces 
 
-) Leiterrahmen      1 Piece 
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ND280 magnet installation (8/30/07) 

 

Appendix C: Aluminium coils and Accessories to lift coils 
 
 -) External Coil      2 Pieces 
 
 -) Internal Coil       2 Pieces 
 
  

-) Mechanism to lift coils:  
 
  -) Beam to lift coils     1 Piece 
  -) Connection for Crane    2 Pieces 
  -) Connection for Coil     4 Pieces 
 
 -) Bus Bar      Several Pieces 
 

Appendix D:  Accessories for Yoke Alignment  
 
 -) Alignment System: 
 
  -) HEB220 for alignment    1 Piece 
  -) Pedestal      3 Pieces 
  -) Alignment support     3 Pieces 
 

Appendix E: Accessories for Yoke Rotation 
 
 -) System to Rotate Yoke: 
 
  -) Connection Yoke – Crane    1 Piece 
  -) Bottom Plate     1 Piece 
  -) Support over Blocks     1 Piece 
  -) Support Yoke – System    4 Pieces  

-) Rotation Support:     1 Piece 
-) Connection Yoke – System    1 Piece 
-) Support over Bottom Plate    1 Piece 

  -) Iron Block      3 Pieces 
  -) L to fix Blocks    1 Piece 
  -) U to fix Blocks    4 Pieces 
  -) Threaded Rods    4 Pieces 
 

≈ 5 MCHF capital value
≈40 x 40’ containers

cost ≈ 500kCHF
Invitation to tender (CERN FI) ⇒ October 29th 2007
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Magnet installation

• 40 pages document

• Several meetings with Japanese installation companies

• Plan, timescale and cost estimate worked out (≈800kCHF)

• Possible minor modifications after C reassembly tests, sag measurement and modal 
frequency meas’ment @ CERN

• Next steps:

• Tender process: ≈November 2007

• Contract adjudication: ≈end of year

• Payment: after installation June 2008

23



Magnet integration (installation plan)
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ND280 magnet installation (9/28/07) 

9.0 LOWERING AND POSITIONING OF FIRST YOKE ELEMENT 
 
 

The yoke verticality during lowering down is guaranteed to the lifting mechanism that is placed 
exactly on the centre of mass line. The yoke can be lowered without problem until it is 1 m far 
of the carriage. Than it must to be centred with a tolerance of 15 mm and waiting that the yoke 
end to oscillate. Next step is lowering yoke until it is approximately 50 mm far to the carriage 
(picture 10). 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

Picture 10 

~1 m far to the 

carriage, first 
alignment and 

wait the end of 
oscillations. 

~50 mm far to the 
carriage 

Insertion of spacers for an eventually first 
alignment 
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ND280 magnet installation (9/28/07) 

When the yoke is placed the spacer are demounted but bolts remains into the alignment 
system to hold the yoke in the right position. Bolts are a little bit screwed, so it is possible to 
remove spacers, and then unscrewed in original position. Without spacers it is possible to 
align the yoke’s verticality using hydraulics jacks.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After the verticality alignment, the yoke can be fixed onto the carriage with bolts. 

M16 x 100  

Hydraulic Jacks for 
verticality alignment 
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ND280 magnet installation (9/28/07) 

 

For the positioning of the others yokes is the same process like the first. When the second 
yoke is placed the alignment system is right fastened ( picture 12 ) 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Picture 12 
  
Each yoke is first reassembled, second lowered down onto the carriage and third aligned  the 

verticality position. Between each yoke are installed spacers for the right distance. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

To adjust verticality : “string+weight  
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10.0 COIL INSTALLATION 

 

For the installation of  coils it will be used one beam supplied from CERN. The coil will be 
lowered down using crane and positioned into yokes (see in the next  picture the process of 
installation). 
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8.0  INSTALLATION OF ALIGNMENT SYSTEM 

  

8.1  POSITIONING  
 
The carriages must to be shifted to permit the lowering of the alignment system and before 
fixing it to the floor, it must to do a first alignment using spacers for the verticality and optical 
survey to align respect to the hall. 
 

 
 
 
 
 

 
 
 
 
 
 

 

 

 

 

 
Picture 7 

 
The System is fixed with M30 bolts on the floor and then it is possible to make the fine 
positioning using M16 bolts ( picture 8) 
 

 
Picture 8 

24
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ND280 magnet installation (9/28/07) 

 
- Jacks are first fixed with bolts on floor. 
 
 
 
 
 

 
 
 
 
 
- Second, an iron plate is placed and fixed (with M16 Bolts) onto the Jacks to give more 

stability and to help the horizontally regulation. 
 
 
 

 
 
 
 
 
 
 
 
 
 

- Third , the yoke’s leg is lowered down onto the iron plate and fixed with M30 Bolts (also this 
for a little bit more stability) 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

M30 bolts 
Eventually is 

possibile to 
insert spacer  
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ND280 magnet installation (9/28/07) 

 

5.0  PROCEDURE FOR C REASSEMBLY 

 
5.1  PROBLEMS: 

 

1-Tolerances of fixing system are smaller than 1 mm 
2-Tolerances of length of vertical yoke are +/- 2mm 
3-Crane precision is ?? 

 
 

5.2  REASSEMBLY 

 
For the yoke reassembly CERN technician proposed us to use mechanical jacks with 
horizontally displacement. Maximum load per jack is about 30 tons 

 
 
 
 
 
 
 
 – 

 

Hydraulic jacks
Yoke reassembly
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ND280 magnet installation (9/28/07) 

 
After that the vertical part is lowered on the two others jacks, placed on the cement’s blocks. 
Also in this case it is important to have a good precision (+- 10 mm), because the three jacks 
regulation have a movement about 20 mm. 
When the Yoke’s part is on the jacks, it is exactly centred, lowered and fixed (see next 
picture) 
 

 
 
 

 
 
 
 
 

 
Picture 7 

 
 In September-October a yoke will be mounted to verify the process, if there is problems or 
perhaps better solutions.  
 
 
 
 
 
 

 
 
 
 
 
 
    Hydraulic jacks  

1 day/yoke

1 day/yoke1 day/yoke

test reassembly @ CERN planned for 
October/November

25
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Conclusions

• The T2K experiment will be the first accelerator experiment to look for the 
the last mixing angle (θ23~45o, θ12~34o,  test θ13 to 3o) and measure more 
precisely Δm223.

• Determine future direction of neutrino experiment 

• Lead to a possible test of CPV in leptons

• Look for the unexpected with precision measurements of oscillation 
pattern / parameters  

• Construction schedule is tight but on track for beam commissioning in 2009

• Swiss contributions visible and well-defined.

• Magnet project on track: shipment and installation foreseen for Spring 2008.

26
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The End
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