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 Short reminder of previous studies

* New studies (not shown in previous WP2 meet.s)
v Effect of dropping the reflector (+ increasing horn i)
v Systematics on primary ©n production
«~ characterization of interesting n phase space
~ another model : GIBUU
Future SB in Europe: SPL<-> PS2 ? early comparison
A deeper look into GLOBES parametrisations for SPL

+ E-resolution

v cross-sections

v event rates

» oscillation probabilities (w/wo matter effects)
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Short summary of previous results

GRAPHITE target studies (w.r.t. Mercury)

* reduced energy deposition in the target (FLUKAO8+GEANT4)
* reduced neutron flux (~x15 FLUKAO0S8)
» pion yields more asymmetric in charge but comparable

« Using standard horn but new target (original Geant3 sim)
« neutrino fluxes similar, less E dependent (larger high-E tail)
 higher anti-nu contamination
« Limits on sin? 20 . are competitive but more 6-dependent (worse in

the anti-neutrino running region)
« due to higher wrong charge contamination

Documentation:

« WwWw.euronu,org: Documents -> WP2-> Study of the performance of the
SPL-Frejus Super Beam using a graphite target (EURONnu note)

» proceedings for NUFACTO09 (5pp)

» proceedings for the CERN workshop. Oct. 2009 (3pp).
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== the standard focusing system

O Due to the low energy proton beam pions are mildly forward boosted (<9n> ~ 55°)

= -> Target inside the horn to recover collection efficiency
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C vs Hg: 3¢ sensitivityon 6 _vs &

graphite limit worse in the
low 6 region (driven by anti-
V running)

related to rising v_

contamination in the anti-v
beam from not defocused & *
- u* . Effect important in
anti-v running due to n*>n" &
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- let's minimize
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===l Horn optimization for a long target
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L=40m, r=2m
/A

The 4-horns scenario

Reduced stress on target via
 lower frequency (12.5 Hz) or
* lower p-flux (1 MW)

depending on injection strategy

Profits of horn compactness

(r~0_ 5 m) Baseline configuration with Worst case
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Fluxes: new VS old horn

Carbon target
new horns / old horn

. gain 7 at higher energies

» Effectively suppressed contributions from wrong
charge pions (more than a factor 2 less anti-vu, lower

anti-ve +c.c.)
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3¢ sensitivity on 6 . with the new horn

Color codes: proton energies
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3¢ CP violation discovery coverage

SPL 3. sensitivity to CPV (A x*(5,, =0 || 1) = 9)

Color codes: p energies
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Dropping the reflector ?
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* Significant loss

* some recovery increasing i_horn to 600 kA (especially at high E) but

* technical challenges in sending 600 kA through a 4 cm radius cylinder ?
* we could try a no-reflector ad-hoc optimisation
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Which are the “important” pions in our case ?*

*with the new horn+refl setup

* Plot p VS theta of parent pions (at target exit) in 9 bins of E(nu) in [0-0.8] GeV
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h_pVStheta_targ_piplus_Enubins3 =
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High energy neutrinos produced by low angle, high p pions
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Which are the “important” pions in our case ?

POLAR ANGLE [0,1] rad of parent pion in E_nu bins
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Which are the “important” pions in our case ?

MOMENTUM of parent pion [0-3 GeV] in E_nu bins
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Which are the “important” pions in our case ?

* Normalize each sample to a factor proportional to the height of that neutrino energy bin
POLAR ANGLE
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Which are the “important” pions in our case ?

* Normalize each sample to a factor proportional to the height of that neutrino energy bin
MOMENTUM
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s
Which are the “important” pions in our case ?

Small angle
* Add these weighted contributions <
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“flux weighted” pions are more represented by the HARP
* “small angle” bins [0.5,2] GeV
* “large angle” bins [0.35,0.55] GeV

* quite some of these are in “the gap”
A. Longhin EURONu WP2, EVO 01 Feb 2010



16
Which are the “important” pions in our case ?

0 VS p FLUKA. E = 5 GeV. C THICK target. q = -1

=)
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VK
Systematics on primary pion production Il

Comparison of GEANT4 pion yields and HARP differential cross sections

Chosen configuration among the | A(gmol ) | p(gem™?) | ¢ (cm) | A/(Napt) (barn) | r (cm)
available HARP (the closest to our | 12 1.85 39 0.276 1.5
foreseen setup): | 180 16.69 11.14 1.616 1.5

-5 Gev /

* materials: C and Tantalum (similar to Mercury) L
 “thick target” (1xl) (“thin target” also, 5% kl) . i

 small and large angles data-sets

The published cross sections have been reproduced using the HARP procedure but
taking the “true-level” pion tracks from the generator as input
. Nij becomes the # of pions generated in the i-th p bin and j-th 6 bin by Npot protons on target

* M =1 (by definition efficiency =1, no migrations. HARP data instead are corrected for all this!)

2
d“o le L N » t = target length
dpldg Npot NAPt 1719’ 2J

Then a re-weighting table has been bUI|t in (p,theta) space taking ratios btw
the genarator cross sections and the measured ones.

Correction applied to MC -> neutrino flux comparison after re-weighting.
A. Longhin EURONu WP2, EVO 01 Feb 2010



GIBUVU
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Thanks to B. Popov for suggesting it and providing files

GIBUU model added for comparison (for Carbon for the time being)

Institut far Theoretische Physik, JLU Giessen

GiBUU

The Giessen Boltzmann-Uehling-Uhlenbeck Project

Login

GIBUU model

The BUU equation, which can be derived from the so-called

Kadanoff-Baym-equations, describes the time evolution of the Wigner transform of

the real-time Green's function. This Wigner transform represents a generalization of the classical phase-space density. We get for each particle
species one such equation. All are coupled through the gain and loss terms which represent scattering processes and the mean fields being

included in the Hamiltonians,

The GIBUU model includes 61 baryonic and 31 mesonic states. The necessary parameters (e.g. pole masses, life times in vacuum, branching ratios)

are based on the

Manley analysis and the

PODG compilation. The BUU equation is solved applying a test-particle ansatz in a full ensemble

scheme which guarantees locality in the scattering processes of the test-particles, Resonances are explicitly propagated, in particular off-shell.
Hence an off-shell potential according to Effenberger et al. is introduced which influences the time-development of the spectral functions. The
loss and gain terms include besides particle decays also two and three-body reaction channels. The low-energy two-body reaction rates are to a
large extent given by resonance excitations. Whereas at higher center-of-mass energies (above 2 GeV for meson-baryon and above 2.6 GeV

baryon-baryon scattering) an enhanced version of

Pythia is implemented to describe the reaction processes. The Hamiltonian of the nucleon

and baryonic resonances includes a momentum-dependent Skyrme-like potential. For the pion, we consider a low-energy potential based on the
Delta-hole model and on pionic atom phenomenoclogy. Also Coulomb distortions are taken into account. The nuclear ground state is treated within
a local Thomas-Fermi approximation. For this the nuclear density profiles are parametrized according to elastic electron-scattering data and

Only primary interaction, no propagation through matter
-> GEANT4 was used to track particles at the target exit
(the comparison with HARP is done at this level)

A. Longhin
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HARP-GEANT4-GIBUU. Large angle. THICK target.
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HARP-GEANT4-GIBUU. Large angle. THICK target.

barn GeV™ rad"

barn GeV'rad!

barn GeV-' rad’

A. Longhin
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tends to underestimate production at large angles
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Global %*/N

No sys Sys 10 % Sys 20%
C+ THICK G4 LA 9.9 SR 17
C+ THICK GIBUU LA 45.1 8.6 1038 N=80 (SA)
C-THICK G4 LA 194 4.8 1S N=75 (LA)
C- THICK GIBUU LA 76.2 )5 1510
TA+ THICK G4 LA 20.8 ko), & 1O
TA- THICK G4 LA 25.1 17.9 k&)1
C+THIN G4 LA 11.7 5.4 2.6
C-THIN G4 LA 18.0 Sk 202
TA+ THIN G4 LA 92.6 2500 13.4
TA- THIN G4 LA 149.3 S22 216
C+ THIN G4 SA 30.7 12.3 4.9
C-THIN G4 SA 39.1 18).15 s
TA+ THIN G4 SA 25.0 8.2 815
TA- THIN G4 SA 27.0 9.2 5.7
Only HARP errors HARP errors + model sys errors

GIBUU bad y* due to large angle bins (too low) - G4 also but less
Probably more interesting for us to restrict to the relevant phase space region

A. Longhin EURONnu WP2, EVO 01 Feb 2010



A. Longhin

s

Plans

Complete comparison with GIBUU (small angle+thin target, Ta(?)).

Add other models and test performance (can be easily achieved using those
already available in GEANT4, QGSP used up to now)

Concentrate in particular on the interesting region for the SPL

Documentation/publication ongoing (in collaboration with Christoph)

EURONnu WP2, EVO 01 Feb 2010



Futures SB in Europe: SPL<->PS2

It would be interesting to make a
comparison on the same ground

with the same tools!

CERN-SPL

e ~5 GeV

» 440 kton Water Cherenkov

* =130 Km (Frejus,lt-Fr) OA 0 °

* No big matter effects (clean CP)
 Narrow band, well matched to WC

Some numbers
flelRS2 from
WINO9 talk by A.
Rubbia)

A. Longhin

early comparison

* 50 GeV
» 100 kton Liquid Argon
 Far site (“XX")
* 950 Km OA 0.50 ° (Sieroszowice, Poland)
* 1544 Km OA 0.25 °(Slanic, Romania)

E(p) (GeV)

PPP
Tc(s)
efficiency
day/year

Average power (MW) / 200d
Average power (MW) / 1e7s
pot/year

PS2 PS2++ SPL
50 50 5]

1.20E+014 2.50E+014 1.00E+014

2.4 1.2 0.02
1 1 1
200 200 116

0.40 1.67

4.00
8.64E+020 3.60E+021 5.00E+022

23

CERN PS2 (CNXX Cern neutrinos to XX)

e 2300 Km OA 0.25 ° (Phyhasalmi, Finland)
* Partially covers also 2™ osc max

* More sensitivity to matter effects
» studied within LAGUNA (A.Rubbia, A.Meregaglia)

e
\

le7 s
(Snowmass year)

EURONnu WP2, EVO 01 Feb 2010
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PLANS FOR FUTURE INJECTORS: L

i
e ; = ,«-'?‘ = Llﬁ
] L
0 = =z
BEN f — o

ice

—

Zones d'implantation
des batiments SPL

g from R. Garoby — s AT
VUEE Linacd N\ 280 r
VUE EN PLAN - 1/2500 L ——

Note: Retouvez les references des batiments SPL | |_|nac ,':|,
sur le plan infitule "SPL PROJECT"

A. Longhin EURONnu WP2, EVO 01 Fel:l{)'%"lo
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Considering a new neutrino line

® Ve can consider two options: e
® 400 GeV protons from SpS with PS2 as new injector
® 50 GeV protons from an intensity upgraded PS2 (PS2++)

® Neutrino flux scaling: (pot @ 50 GeV) = 8x (pot @ 400 GeV)

CNGS 10 GeV optics

CHXX NOwA Horns

protons at 50 GeV

scaled by a factor of 8

OAD.25
protons 400 GeV

3
]
=
2
8
"1
o
=
=
]
=f
=
]
=
=
"
B
£
]
-l
]
=

Evenis |

Events (nu_mu CC / 200 MaV / 45210 p.out, /100 kion)

'|'_ o '|:‘ L=T030 kmy

10 X J a5 4
Ene (GeV) Ene [GeV)

New v line » must be designed to sustain several MW beam power

‘Wedneaday, September 16, 2008 30

A. Rubbia WINO9
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PS2 comparison: advances/problems’

Original results based on the BMPT fast parametrization (full neutrino beam-line
simulation for CNGS but with some flexibility). Focusing: NOVA horns and “CNGS
10GeV” optics.

Up to now problem to reproduce the spectrum with BMPT and nominal parameters :(
(I get an energy peak shifted to lower energies)

BUT

a technical known problem related to 50 GeV running (x, scaling variable gets out of
bounds). B(MPT) author contacted.

Reproduce the results with my GEANT4 simulation ? (that would be a fully independent
cross check!). Steps done:

1) possibility to introduce arbitrarily shaped horns via an external file introduced
CNGS 10 GeV optics + NovA horn shapes implemented

2) possibility to simulate off axis beams OK (needs some more testing)

3) used GEANTA4 as primary generator for the time being

A test with CNGS tau beam (shape quite OK, normalization to be understood) => see
A test at 50 GeV (not so good at first attempt, need to fix my OA sim?)

WORK IN PROGRESS!

A. Longhin EURONnu WP2, EVO 01 Feb 2010



T

My G4 simulation in unbeaten
territories...

File Edit Wiew Go Help

— =i T =
| 1 | @ % %
Presentation Zoomin Zoom Out

of 1 200% ~

CNGS tau
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My G4 simulation in unbeaten
territories...

Comparison with

BMPT
parametrization h_numu it
= x10”° . 117
No realistic §0.8:— —— G4 my sim
simulation of horns & |
structure and o7 — BMPT
collimators 8 [
20.6 —
e r
more understanding/ " F
tuning needed for i
normalization... 0.4F
but shape look very  93f
ood! K
g 0.2~
0.1:.|Ir|f 1
0- ll|Ill||lIIlIIIlIllIIIIIIIlIIlII mﬂ:l
0 5 10 15 20 25 30 35 40 45 50
E (GeV)

A. Longhin

h_numu

h_numu

Entries 7444072

Mean

17.7

)
T

—— G4 (scaled)

— BMPT

=Y
1 T T T

o V./potiGe}ym* @ 732 Km

w
LI L B

0.2

0.1

0 5 10 15 20 25 30 35 40 45 50
E (GeV)
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GEANT4 with NovA horns + CNGS like target
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« A deeper look into GLOBES description
+ E-resolution
v cross-sections
+» event rates
v oscillation probabilities (w/wo matter effects)

Data taken from the AEDL file SPL.glb (publicly available)
Reference:

Physics potential of the CERN-MEMPHYS neutrino oscillation project
(hep-ph/0603173v3)

A. Longhin EURONnu WP2, EVO 01 Feb 2010



Migration matrices for 7 U anti-vu anti-v_ ol

GLOBES: energy

resolution
E vsE
true rec s
to properly handle Fermi motion ¢
smearing and non QE b
contamination
E_ 100 MeV bins
E__40 MeV bins
smearing applied to both signal —
and background spectra woE
Event selection and PID: E
SK algorithms results
(MEMPHYS w 81k PMTs/shaft ~>
coverage 30%. SK 40% but final s [
photo-statistics is the same) 200
175 : =43 MeV
Monte Carlo: NUANCE -
75 — Non QE events

(Reconstructed-True Energy) (MeV)

Figure 2: Energy resolution for v, interactions in the 200-300 MeV energy range. The quantity displayed
A. Longhin is the difference between the reconstructed and the true neutrino energy.



h_TmR_anumu 0

1

08

0.6

0.4

0.2

h_TmR_anumu_ 4

0.7

0.6

0.5

0.4

03

Eeo-Eqrue in E e bin 4 (GeV)

h TmR_anumu 8

0.5

04

03

0.2

o

B X X -8
Eoc-Eqryo In E gy bin 0 (GeV)

1 L 1
=06 04 02 0 0. 2 0.1

1
0.6 0.1
E oe-Eyue in E g bin 8 (GeV)

TmR_anumu_ 12

0.45|

04

03

0.25|

0.2
0.15}

A f " " "
06 0.4 02 [ 53 . 0.5
Eec-Eyrye i Eqye bin 12(G=V)

A. Longhin

1

0.8

0.6

0.4

0.2

h_TmR_anumu 5

0.7

0.6

0.5

0.4

0.3

0.2

0.1)

.. X . .8
Eroe-Eqpyg In Epyg bin 1(GeV)

h TmR_anumu 9

0.5

0.4

0.3

0.2

0.1

0.45|
0.4
0.35|
0.3
0.25|
0.2

. . X .8
Erec-Eqrye in E s bin 5 (GeV)

EUL B T S gl e X
EqoeEiug in E g bin 9 (GeV)
TmR_anumu_13
n L "
-0.6 -0.4 -0.2 0. 2 0.4

E roq-Egrue i Eyryg bin 13 (Ge\')

h TmR_anumu 2

1

08

06

04

0.2

h TmR_anumu 6

- x E 8
Erec Eyryg in E yyo bin 2 (GeV)

06~

TmR_anumu 10

¥ . g .8
Erec Eyrue in E gy bin 6 (GeV)

0.45 =
04E
035
03
0.25
02
015
0.1

L
4! =06 04

TmR_anumu_ 14

1 1
0.2 0.4 0.6 LK
1ocEuue i Eyyo bin 10 (GeV)

0.2

L B —
E roc-Eqrye in Eqyyo bin 14 (GeV)

GLOBES resolution

h_TmR_anumu 3

32

09

[ X:] =

0.7

06

05

04

03

h TmR_anumu 7

.. X . .8
Eyoe-Eunya In E grug bin 3 (GeV)

0.8 =

h TmR_anumu 11

05f=
04 =
03
0.2~
0.1~
D 0. 4

EM-EM in Eyye bin T(Gev)

045
04
0.35
03~
025
02
015
0.1
0.05F
U

TmR_anumu_15

U
Eppe Em in Eypye bin 11 (GeV)

0.04 =

n
[] 0 2 0. 4 0.6
E e -Eu i E gy bin 16 (GoV)

EURONnu WP2, EVO 01 Feb 2010



GLOBES ..o
- & =
neutrino ;s
(3] —
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On the spectra shape of evt rates

| pow(sin(2*0.087266),2)*pow(sin(1.267*(0.002430)*(130.000000/x)),2) l
0.03 n
0.025

0.02

=130 Km

P(vu-ve) 'sin6_ " term

0.015

0.01

0.005

0 PR I T S [ T T S [ SN T T W [ TN N TN TN N SN TN SN SN [N TN VN T SN (NS SN TN VAN S (N SN ST ST TN NN T U S
0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1

(=]

| (x-0.2)*pow(sin(2*0.087266),2)*pow(sin(1.267*(0.002430)*(130.000000/x)),2) I

0.0045

0.004

0.0035

0.003

0.0025

0.002

0.0015

0.001

0.0005

(=)
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

o

0.1

Most of the appearance signal appears at Energies above 260 MeV due to
suppression related to cross sections (threshold effects).
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GLOBES rates sin’26

0=m/2
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v, beam
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NC
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v, beam
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,=0.1
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GLOBES rates smzze

,=0.01

- 0 = m/2
—— Vv, app.- signal —— V, app. signal —— V., app. signal — V, app. signal
—— Vv, beam —— V, beam —— Vv, beam —— V, beam
v, beam v, beam v, beam v, beam
— v, MISID — v, MISID —— v, MISID — v, MISID
NC NC NC NC
— VvV, toVv, —— v, tov, — Vv, toV, —— v, tov,
S=m pp- signal —— V, app. signal 0 = 3/21 p. signal — V, app. signal
—— v, Deam —— V, beam —— v, beam —— V, beam
v, beam v, beam v, beam v, beam
—— v, MISID — V, MISID —— v, MISID — Vv, MISID
NC NC NC NC
— vV, oV, — v, tov, — v, tov, —— v, tov,
£ . = ’_,_l‘ - =
A. Longhin
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GLOBES rates smzze

,=0.001

- 0 = m/2
—— Vv, app.- signal —— V, app. signal —— V., app. signal — V, app. signal
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GLOBES oscillation probs

sin?2_,=0.1

prob(numu->nue) GLOBES L=130 Km prob{numu->nue) GLOBES L=130 Km
0.07 r T 0.08 T T
vacuum 0.1, pil2 vacuum 0.1, pif2
N matter 0.1, pil2 matter 0.1, pi/2
'\ Matter vacuum 0.1, 3pif2 - vacuum 0.1, 3pif2 -
0.06 k- N —————— matter 0.1, 3pil2 ‘ 0.07 |- matter 0.1, 3pi/2 .
vacuum 0.1, 0 ) vacuum 0.1,0
eff matter 0.1, 0 | ‘ matter 0.1,0
0.06 |- Mattel’ 1
0.05 |- :
| : eff.
& . & 005 R
2 004 i 2 \
E E N
5 5 0.04 N\ |
5 003H ~ 1 N
e ] "
a & 0.03 1
0.02 |
0.02 -
001 i [/ 0.01 E ]
0 L 1 L 1 L 1 L 1 D 1 1 L 1 L 1 L 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
E (GeV) E (GeV)
Normal hierarchy Inverted hierarchy

Hierarchy sensitivity through M.E. Exemplified
M.E. small. Does not lead to ambiguities wrt value of é (as it happens at larger L)
Hierarchy sensitivity from spectral shape for 6=0 ? To be checked
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GLOBES oscillation probs

sin?2_,=0.01

prob(numu->nue) GLOBES L=130 Km prob{numu->nue) GLOBES L=130 Km
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Hierarchy sensitivity through M.E. Exemplified
M.E. small. Does not lead to ambiguities wrt value of d (as it happens at larger L)

Hierarchy sensitivity from spectral shape for 6=0 ? To be checked
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GLOBES oscillation probs

sin?20_ ,=0.001
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Hierarchy sensitivity through M.E. Exemplified
M.E. small. Does not lead to ambiguities wrt value of d (as it happens at larger L)

Hierarchy sensitivity from spectral shape for 6=0 ? To be checked
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Conclusions

vEffect of dropping the reflector (+ increasing horn 1)
« Significant, ad hoc optimization would be needed

Systematics on primary © production
v characterization of interesting n phase space (PhS)

<p> ~ 1.2 GeV. <6> ~ 0.26 rad (~15°)
» another model : GIBUU

v Not so bad in the relevant PhS!

v~ Future SB in Europe: SPL<-> PS2?

» Progress towards a comparison, some key issues to be solved

« A deeper look into GLOBES parametrisations for SPL

E-resolution

Cross-sections

event rates

oscillation probabilities (w/wo matter effects)

v
v
v
v

A. Longhin EURONnu WP2, EVO 01 Feb 2010



42

» Horn optimization with GEANT4
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New simulation with Geant4

The full simulation has been recently
migrated from Geant3 to Geant4

2 geometry implementations:

1) the standard horn reproducing the
existing CERN prototype

2) a new parametric model o
implemented (MINIBOONE inspired) C\ i
o
Better wrong charge pion rejection -
(more “forward closed”) and B JU
higher mean neutrino energy \_ T o
Flexible enough to reproduce also - Tl i

standard conical geometry

9 parameters fully
Randomlv aenerated accessible from

#
Rie o516 I /SB/det/HornDesign 2

/SB/det/Horn L1 57.3895 cm
/SB/det/Horn_L2 63.8771 cm
I n n e r /SB/det/Horn L3 16.797 cm
/SB/det/Horn_L4 16.0441 cm
/5B/det/Horn L5 & cm
/SB/det/Horn_R 7.16565 cm

rad iu S /5B/det/Horn r 5.08 cm

/SB/det/Horn RB 4. cm

“Heuristic” approach to find

favorable geometries based on the
generation of random configurations
using the horn parametric model

The resulting fluxes are selected

according to quality parameters

(vu normalization, vu contamination, A
/SB/det/Horn_R2 16. cm

mean energy; energy Spread) g ! Ao - /SB/det/Horn I1 300000 ampere

I \. I_Ullalllll -_vROﬁl
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Horn configurations ranking (example)

| h numumean I |h_numumean

- Entries 1329
Mean 0.4603
RMS 0.04752
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A. Longnin

1_numuRMS | h_numumeanRMS . _numumeanRMS
Entries 1329 Entries 1329
Mean 0.2109 s 1 Mean x0.4603
RMS 0.04058 E [ Mean y0.2109
20.9 :—-c RMS 10.04752
g - © RMS 10.04058
'_ I
=0.8 w
m L
o -
0.7F o
o£9  selected
LU
0.5 =
F >
0.4
0.3F
0.2F
0.1F

0.1 0.2 03 04 05 06 0.7 08 09 1

00 01 0.2 03 04 05 06 0.7 0.8 0.9 1
mean Enumu

| h_anumunorm I p¥animunonm | h_numuanumunorm ] [
Entries 1329 10 Entries 1329
r Mean 8.576e+10 §00>_< Mean x2.69e+12
90 RMS 3.197e+10 E C Mean \5.576e+10
- @50 — RMS x5.037e-+11
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40 200f
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: : i v flux
10 50 & H
ok Banallannsllodhallannallonnnlsnoallancallsnonlananallanad 2T
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Distributions of the horn geometrical parameters

60
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40

30

20

Mean 84.:
I RMS 28.:

53
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EmE TIZT
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3 RMS 3.95e-07
1200 pu
1000 =
800 [
600 —
a00 -
200
L.l L I} L
0 q 45 5.5 [
r
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Mean 3e+05
RMS 0
1200
1000
800
600
400
200
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g oo tratose e

A. Longhin

-LZ _nﬂi 1—
Mean 36.75
70 B RMS 28.88
Remp
Mean 751
RMS 11.68
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100
80
60
40
20
% T g5 % £
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120
100
80
w Inner radius
40
) HJ'IH
0 o L LT L L
3 T L] 9
RO
E htemp
Mean 84.59
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50
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o

Mean
I RMS
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HIemp

ERIIE:

Mean

R

1

T3ZT
6.094
1.575

I HIemp

— RMS

21.29
2.691

R1

generated
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GEANT3-4 comparison with standard horn (66

GEANT4 — Parameters of pions at tunnel entrance
GEANT3 --—----

h_theta exit s

h_p_exit piplus
ntries
0.6564

5000

= = = GEANT 3
—— GEANT 4

12000

10000
4000

8000

6000

2000
4000

2000 1000

46.48
8000

7000

6000

5000

4000

3000

2000

1000

h theta exit [ p_exit_piminus |} [ 7o o pmines__]
ies
= 2500
3000 — ==l -
= 1 ? -
3 = 2000 — - 1
2500 f— r -
= I r T :
2000 == o] 1500 f— I
= 1 -
1500 o 3 C
3 1 1000 —
3 b C =
1000 f— ol = -
= 500 =
500 [= —
0 = I J 4 Il I J I I 0 - L J J Il I 1
or T2 LX) or 05 TE 0.7 L2 1.7 T 7.0 T3 T TT T

= 7037
wo = i

= - |
1200 = Jl" .
1000 = J) [
800 F— L e

3 : !
600 f— L] Il I

- o
400 == 1 :
200 = [

" 1
© 1] T 5 %0
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GEANT3-4 comparison with standard horn (Il4i

[ h_piplus_DIF z g3 | —h_pipilus DIF 2 g3
Entries 163588

Mean -13.51

4 RMS 8.703

4500

1000 z of decays in flight
3500
3000
2500

2000

GEANT4 —
GEANT3 -

1500

1000

500

(2]
© IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

=

[ h_piminus_DIF z g3 | — h_piminus_DIF 2_9355865
ntries
3500 Mean -18.37

§ ——— GEANT4 —
GEANT 3

3000

2500

2000

1500

1000

500

(2]
© IIII|IIII|IIII|IIII|IIII|IIII|IIII|
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GEANT3-4 comparison with standard horn (IILiS)

m h humu h anumu h anumu
V fl uxes Entries 303 [ﬂ-u—l Entries 303
18 = — Mean 0.3161 1800 = Mean 0.3622
- RMS 0.156 - RMS 0.2019
- I C
16 [ ™ 1600 -
14 :_ : L 1400 :— G EA T4 —
C ] C
12— 1200 |—
E v : GEANT3 | -
C : C
10— w 1000 |=
8 - 800
6 600
aF 400
2F 3 200
1
0 B 1 ] [ = L [T | 0 : Luln.ﬂl'liﬁ ol
0 0.2 04 0.6 0.8 1 1.2 1.4 0 0.2 04 0.6 0.8 1 1.2 1.4
m _h nue h anue h anue
39 Entries 303 — - Entries 303
= Mean 0.3078 9000 Mean 0.3471
%0 E RMS 0.1981 RMS 0.2475
= 8000
80 |- A%
C e 7000
70
50 C 6000
50 = 5000
= 4000
30F 3000
H
20 2000
10 1000
0 " . Ll o ma 0 L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 0 14

Good agreement between the two simulation programs

A. Longhin
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A I‘Iew teSt horn Hit maps (r,z) plane

NEW TEST GEOMETRY

CLASSICAL GEOMETRY
« Only mildly “tuned”. \ —

+ “found” by “random search” with fik i A
limited samplings and preliminary H; o —
selection criteria on v-fluxes. L, o —

 Thicker reflector (+10cm) ] !, \ ')
- Forward “end-cap” to “sweep away” B e e e e e e TR T B TRV ET A wall BTN [ TR N
wrong charged forward going pions -20.5 -20 -19.5 -19 -18.5
« Usual currents (300+600 kA)
GEANTA4
Tc—i—
f / ™
h A AT
P | — T L)
N
- ﬂ—ﬁ—____#
A

«.DAWN visualization

A. Longl EURONnu WP2, EVO 01 Feb 2010
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» Horn optimization with GEANT4
4 horns in parallel

A. Longhin EURONnu WP2, EVO 01 Feb 2010



il

» Horn optimization with GEANT4
v« 4 horn in parallel

« performance of the new horn design

A. Longhin EURONnu WP2, EVO 01 Feb 2010
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« Horn optimization with GEANT4
v 4 horns in parallel
« performance of th new horn design

»1t° background

A. Longhin EURONnu WP2, EVO 01 Feb 2010
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NC =° background correction

Currently estimated as a

fixed fraction of the NC SPL sensitivity @ 36 (A xz EY)

events w/o energy - 0.004 C + NEW HORN (4) 4.5 GeV
dependence in the GIoBES &
parametrization € 0.0035

o

------ +30% NC 7°
needs to be corrected for 0.003
the new spectrum (higher-E) X
0.0025

rough (conservative)
variation applied to 0.002
estimate the effect

+100% NC =°

|IJ-_II|IIII|IIII|IIII|IIII|IIII|IIII

0.0015
small effect (~10") even
with a X 2 increase (in anti-v 0.001
region)

0.0005 |-
main background from -
H inci oo oo b o b e b o b o by
[BlEIE v, (correctly % 50 100 150 200 250 300 350
accounted for with new 5 (degrees)
spectra).
more refined algorithms Backgrounds to v_appearance @ 3.5 GeV (standard conf.)
developed within SK since
fisttal study v run: 90% v, , 06% NCx°, 3% v, MIS-ID, 01% anti-v,
implementation foreseen anti-v run: 45% Ve » 18% NCTCO, 2% Vu MIS'ID, 35% anti'Ve

A. Longhin Signal eff. 70% EUROnu WP2, EVO 01 Feb 2010
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Horn optimization with GEANT4
4 horns in parallel
performance of the new horn design

n° background
» Target z optimization

AN

AN

AN

A. Longhin EURONnu WP2, EVO 01 Feb 2010
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Fluxes vs Z of target (w.r.t. horn)

[numu |
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TTT[TTT[TTT[TTT[TTTJTTT[TTITIJOIT
I I I [ | | |
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i
1]

o

40 60
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TJT T T [TTT[TT T [TT T TTIT[TITT[ITTI[ITI]IX
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1
1]

(=

-40 -20

Moving the target upstream by 20 cm seems to be better ~>

A. Longhin

40 60

z_target (cm)

EURONnu WP2, EVO 01 Feb 2010



56

Fluxes with a target shifted upstream by 20 cm

1012

18|

14
12

10

N £ o ©
T ||||

Target:

i
E
=

0 0.2 0.4 0.6 0.8 1 1.2

Z=0)
z=-20cm

100:
ao:
eo:
40:

20

e some gain in numu at high energies

e some reduction in antinumu component

* nue-antinue ~same

* Not yet studied at the level of sensitivity curves

A. Longhin

;

10

1000 [
800
600 H—

400

200F-

I —
)

- 1 L1 1 1 1 L L AL 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4

14
12

10

i1 1 1 i1 L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4

EURONnu WP2, EVO 01 Feb 2010



S

AN

Horn optimization with GEANT4
4 horns in parallel
performance of a new horn design

n° background
Target z optimization

« Systematics on primary pion production
. 1) pC: FLUKA ~> GEANT4

AN

AN

AN

AN

A. Longhin EURONnu WP2, EVO 01 Feb 2010
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Systematics on primary pion production |

Difference in the fluxes obtained using GEANTA4 or FLUKA for the

primary p-C interactions

NB. Here the target is
a 39 cm long carbon
cylinder with 3 cm
diameter in order to
reproduce the
geometry tested by
HARRP (see later)

while our standard
target is 78cm long.

Difference with the
78cm long target not
tried yet (presumably
quite similar)

Y -
N £
T TTT [T

-
o
LI L

—— FLUKA THICK

—— GEANT4 THICK

v/year/100 m? @ 100 km

©
LI L

v/year/100 m 2 @ 100 km

0.8 1 1.2

14
E, (GeV)

@ 10Q km
=Y
1]
S)

2

=
N
o
o

v/year/100 m

600

Bs00

~  V/ygar/10
o
o
o

(4]
o
o

1000

500

10

;

1.2 14
E, GeV)

0.2 0.4 0.6 0.8 1 1.2 14
E, (GeV)

~ same normalization, lower energy with GEANT4, ~more antinue (more “slow” muons)
sizable effect, to be addressed at the level of sensitivities

A. Longhin

EURONnu WP2, EVO 01 Feb 2010
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Horn optimization with GEANT4
4 horns in parallel
performance of a new horn design

n° background
Target z optimization

« Systematics on primary pion production

«~ 1) pC: FLUKA ~> GEANT4
v 2) reweight GEANT4 with HARP data

AN

AN

AN

AN

A. Longhin EURONnu WP2, EVO 01 Feb 2010
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Systematics on primary pion production Il

Comparison of GEANT4 pion yields and HARP differential cross sections

Chosen configuration among the | A(gmol ) | p(gem™?) | ¢ (cm) | A/(Napt) (barn) | r (cm)
available HARP (the closest to our | 12 1.85 39 0.276 1.5
foreseen setup): | 180 16.69 11.14 1.616 1.5

-5 Gev /

* materials: C and Tantalum (similar to Mercury) L
 “thick target” (1xl) (“thin target” also, 5% kl) o [

 small and large angles data-sets

The published cross sections have been reproduced using the HARP procedure but
taking the “true-level” pion tracks from the generator as input
. Nij becomes the # of pions generated in the i-th p bin and j-th 6 bin by Npot protons on target

* M =1 (by definition efficiency =1, no migrations. HARP data instead are corrected for all this!)

2
d“o le L N » t = target length
dpldg Npot NAPt 1719’ 2J

Then a re-weighting table has been bUI|t in (p,theta) space taking ratios btw
the genarator cross sections and the measured ones.

Correction applied to MC -> neutrino flux comparison after re-weighting.
A. Longhin EURONu WP2, EVO 01 Feb 2010
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HARP binning

0 VS p FLUKA. E = 5 GeV. C THICK target. q = -1

=)
g 3 large angle data .250
s
2.
> — 200
2Rl
—150
1.5 Bl small angle data (only
available for thin targets)
— 100
1 - s
0.5 il =
00 1 2 3 4

A. Longhin EURONnu WP2, EVO 01 Feb 2010



GEANTA. Large angle. THICK target.

barn GeV™ rad"

barn GeV'rad!

barn GeV-' rad’

A. Longhin

0.35
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0.25

0.2F
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0.05

c(p) in 6 bins

HARP-FLUKA-G4 comparison for C at 5 GeV. THICK r*
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FPETITE S A
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62

C. 5 GeV. pi+

o(p) 5 GeV 6 [0.75,0.95] (rad) ©*

035
oaf
02sf
0.25-
0.15 -
0.1 -

0.05

ok

0.3 0.4 0.5

6 0.
p (GeV)

o(p) 5 GeV 6 [1.35,1.55] (rad) n*
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Mon Nov 16 15:08:21 2009

tends to underestimate production at large angles
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HARP-GEANTA. Large angle. THICK target. C. 5 GeV. pi-

barn GeV™ rad"

barn GeV'rad!

barn GeV-' rad’

A. Longhin
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HARP-FLUKA-G4 comparison for C at 5 GeV. THICK 1
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tends to underestimate production at large angles
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Weights (THICK target, C 5 GeV, HARP/G4)

theta VS p
3 -
25 [— .
£ p|+
2 [— 3
— =
= !
= |
0.5_— -I
0 e 1 1 fi L 1 1 1
0 0.5 1 1.5 2 25 3
3 -
25 [ pI-
2 ___—- <
15—
1 —
05— E
[ L L L N O 1 i pims|s = 1 1
00

» No correction in the phase space not covered by meas.. Use Sanford -Wang outside ?

* Not straightforward “shape” for correction factor (~saddle).

13 )

w

25

2

1.5

1

0.5

0

© = A A4 a4 a NN
] N & O © N

e o o
M B oo

o

64

» method: track with weight “w” is duplicated “w-times” on average (using random variable with

uniform distribution).
A. Longhin
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GEANT4 re-weighting (THICK target, C 5 GeV)

t"‘ - theta VS p [
2 (reweighted)

theta VS p
pi+ : 3:: H6(

[18(

¢ 14000 8000[
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14¢ 12000

[14(
2 ooudk theta (rew)
H 2t (0000
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1ot 8000 ]
0 1 4000 H
60001
0
40001
0 2000
0 2000
0 D....I....I....I....I....
0 3 0 0.5 1 1.5 2 25 3

theta VS p Is( 2.5 theta VS p l:“ \zooo: 7000 theta
(reweighted) |, o} theta (rew)
pi- T 6000: a1
0....I....I....I.. | 0....I....I....I....I....
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Re-weighting impact on fluxes (GEANT4)

1012

NB. Here the target
B89 ¢m long
carbon cylinder with
3 cm diameter in
order to reproduce
the geometry
tested by HARP

-
»
T

GEANT4 THICK

@ 10Q.km

Y
N
T
2
-

GEANT4 REW THICK

-
o
T

v/year/100 m?2 @ 100 km

v/year/100 m

©
|||

L A
0.8 1 1.2

(see later) e, 6o
while our standard S
. ® ®
target is 78cm long. < o
% %000
Difference with the 5
l-clilong target
not tried yet
(presumably very : o
Slmllar) % 0.2 0.4 0.6 0.8 1 12 EJ(éeV)

THICK TARGET data re-weighting
new focusing scheme
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HARP-GEANT4. Small angle. THIN target. C. 5 GeV. pi-

barn GeV™ sr!

barn GeV' sr

A. Longhin
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HARP-GEANTA4. Small angle. THIN target. C. 5 GeV. pi+

HARP-FLUKA-G4 comparison for C at 5 GeV. THIN &*

o(p) 5 GeV 0 [0.05,0.10] (rad) n* o(p) 5 GeV 0 [0.10,0.15] (rad) n*
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Weights (THICK target, C 5 GeV, HARP/G4)

theta VS p

3
25—
2 __ :'- '_- pl +
1.5 S ;i: _-:-E'
— = iy
— i e ek
0.5 — ]
— 3
— e L e R
— -~ = - == ) o] el i Sl S rae T Sl erunl SR v N W Sl i Sl S S W
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The correction factors pattern for large angle bins is similar to that
found with the thick target dataset.
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Re-weighting impact on fluxes (GEANT4) S

THICK target + THIN target

1 £

—— 200
" GEANT4 THICK g
— GEANT4 REW THICK ®
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Y
HARP-GEANT4. Small angle. THICK target. Ta. 5 GeV. pi+

HARP-FLUKA-G4 comparison for TA at 5 GeV. THICK r*
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HARP-GEANTA4. Large angle. THICK target. Ta. 5 GeV. pi-

HARP-FLUKA-G4 comparison for TA at 5 GeV. THICK 7
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Syst. on primary pion production: summary L

* NB. “fresh”, preliminary results

« GEANTA predicts similar fluxes but shifted to lower
energies w.r.t. to FLUKA

« GEANTA not too bad in reproducing the HARP data for
Carbon and Tantalum

» pions distribution re-weighting does not alter the
neutrino fluxes significantly

« FLUKA comparison available (also independent analysis
by Christoph)

 need to stick to FLUKA policy for comparison with data
before presenting (not present even in HARP articles)

* First impression is that GEANTA4 looks better
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Conclusions

Simulation rewritten in Geant4. Good agreement with >\ }4

” 2 z [l
previous Geant3 simulation R

Fi

“‘“ .ryllr

New optimized horn design suited for a long
target worked out.

4 horn concept viable under the point of view
of fluxes (only mildly reduced)

NC n° with new spectrum not a major issue, better treatment planned

Some room for improvement moving the target upstream. To be studied
further. More systematic search for horn configurations also possible.

Use of HARP data to constrain uncertainty on fluxes on its way

Outlook

More HARP related studies

a few remarks received at GDR neutrino (french meeting) in the pipeline:

 Take into account t* ~> e*v + c.c.. A relevant contribution ?
e

» Split flux from pions from the target or from the infra-structure
« use “Virtual Monte Carlo” ? (common interface to FLUKA, GEANT4, GEANT3)
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Event rates

g @, [=]

175% A & - -
Presentation ZoomlIn Zoom Out

e

3B

T2HK

(SCP:O 5(;[:-:71'/2 (SCP:U (SCP:TI'/Q (SCPIO (SCP:?T/Q

appearance v

background 143 898

SiIl2 2913 =0 28 83

sin? 26,3 = 1073 76 88 178 17
sin®20;; = 1072 326 365 746 238
appearance v

background 157 1510

sin? 20,3 = 0 31 93

sin? 20,3 = 1073 83 12 192 269
sin? 26,3 = 1072 351 126 762 1007
disapp. v 100315 24949
background 6 444
disapp. v 84125 34650
background ) 725

Table 2: Number of events for appearance and disappearance signals and backgrounds for the B, SPL,
and T2HK experiments as defined in Tab. 1. For the appearance signals the event numbers are given for
several values of sin® 2613 and dcp = 0 and 7 /2. The background as well as the disappearance event numbers
correspond to #13 = 0. For the other oscillation parameters the values of Eq. (1) are used.
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New vs old focusing: fluxes + tot. event rates

+ focusing - focusing
ve (Yo)  8B.O — 95.6 26.1 — 11.2
2y v + 8y anti-v v, (%) 10.5 — 8.9 73.4 — BE.4
v. (%) 0.60 — 0.56 0.17 — 0.09
e kion . (%) 0.052 — 0.025 0.340 — 0.352

Table 1. Standard horn — test horn.

standard focusing new focusing
bop =0 | dep == /2 bop =0 | dop = /2
I/, Appearance 1, Appearance
background 623 background 1674
sin” 28,5, =0 Hd sin” 268, =10 115
sin” 205 = 1077 106 14 sn” 20,5 = 1077 256 46
sin” 205 = 107~ 431 140 sin” 26,5 = 107~ 1200 144
1. disappearance . disappearance
background f43 background 1753
sin” 26,5 = 0 G0 sin- 26,5 =0 85
S 30, — 107 | 104 53 Sn? 28, = 10° | 101 711
sin” 20,5 = 1077 381 536 sin” 26,;; = 1077 758 916

Both B and S increase (main background
(nue from mu decays) ~ 100% correlated
with numu )

In good agreement with values in
hep-ph 0603172

gain at the level of S/sqrt(B)
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GLOBES efficiencies

preeffs vs energy Cherekov
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The SPL-Fréjus Super Beam

7 Being studied in EUROnu WP

2 (beam), LAGUNA (far site) and MEMPHYS

T g ausan
ff/“’” " SPL p driver @ 4MW (H- linac E_~ 4 GeV)

L=130 Km
Far Detector: 0.44 Mton Water Cherenkov
1t oscillation maximum E ~ 260 MeV

low E small L

: ) very few v_from K : ) High flux
: ) No matter effects : (
: ( mass hierarchy

E N ERENE

F e g

i i Annec
L E b
umillye :

: ) compact horn and tunnel
: ) good reconstruction in W.Ch.

+ ~ all elastic
. 6,143 MeV : [0.2-0.3] Gey Narrow band” beam

L o7 afien: - easy n° rejection

+ focusing

VIH%UD -
CPFineralo 4 ;3
Carmagnaol - mgm m - -
2 ~ -3
Dl sin? 20, sensitivity limit @ ~ 10
awighiand - - -
-7 7 « good sensitivity to 9
<« Present Tunnel .
(down to sinZ26., ~ 10?)
Future
Safety Tunnel \ E i —Y 1
E 3 q—} 10xv, -
Present Laboratory M E M P HYS g 2 E:_ A A 133;:1\ E
= P) ]
Future Laboratory ———~ mu‘ti pu rpose 1':‘-‘ - ~ =
with Water Cerenkov Detectors /T - \» i “*'-‘\jm, ]
[/ L \ e - . P
P decay, atm-v, SN-v, ... ¢ 0.2 0.4 0.6 05
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K K° K 80

pr, 63.51% 7w etw. 1935% ='m  68.61%

atq? 21.17% wte . 19.35% 7"  31.39%

aratrs 5.59%  w ptv, 13.5%

Ay’ 482%  wtpi,  135% -

Pt S B Neutrino

a7z 173% ata A 12.38% a4 h - 7,
cnains

K-

K+ Dominant nue
background
from muon
decays

numu pi+ : ) num mu+ :(

- mu+ :( mu- :( 7
Ke - he K+ < KOL <( 7 :((
KOL :) KOL <( - KOL :(
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Flux computation method M

O Solid angle of detector seen from source: A/4 nl?2 ~ 10 -° PAN
O + small recovery: low energy -> small boost ->low focusing ,

O p.o.t. to be processed to have a reasonable statistics of /
neutrino reaching the far detector unfeasible (~10%3!11) ¢

O -> Each time a pion a muon or a kaon is decayed by GEANT )
calculate the probability for the neutrino to reach the

v to detector

detector and use as a weight when filling the neutrino it | Ol
energy distribution L
2 body case L : distance to detector e i s |
A : detector surface ’510
M ! 800 MeV n
FT —-H Vv Angle of © w.r.t. beam axis 0'08; 700 MeV =
= in the lab frame: o B
0.061 600 MeV &t
2
p 14 1-F N 500 MeV
- 0.04
" 4n L2 (Bcosa — 1)? 400 MeV ©
0.02
“Narrower” around detector direction («=0) as the
boost (beta) increases N

. 0 5 10 15 20 25 30
A. Longhin



1 and K3 body decays

Additional suppression of statistics with full simulation due to
mu decay length (~ 2Km) wrt >> tunnel length (20-40 m)

i cVv VvV

AT

L : distance to detector
A : detector surface

Recipe: weight each p with the probability of decay within the tunnel. Available energy for the v in the lab. frame is divided
into 20 MeV bins and a v with energy in each bin is simulated and weighted with the probability to reach the detector (see

formula).
d?)# 1 A 2 1 Angle w.fr.t..beam a;);is -
= of vin p rest frame:
dFE, 47 L? my ’}/,_,,(1 + ﬂp, COS 9*) of win tlhe lab frame: p
L) ® (o) cose?]
(ﬁHCOSp—1)2 o\T) + p J1{T) COS
r = 2E) [/m,
K - 3 body
dPk 1 A 1 Angle of K w.r.t. beam axis
= in the lab frame: &
dE, 4n L2 mg —m, — my "
y 1 1 - Bk

Yi (1 + Br cos6*) (Bx cosd — 1)?

fo(z) fi(z)
v, 22°(3-2r) 22%(1-22)
ve 122°(1—-1z) 122°(1 —2)
i3
!l = 57 ging* and ITE = (/1 — 172

g m

M is the muon polarisation

Due to limited K statistics, K tracks emerging from the target are replicated many times (~100) and each
event is weighted 1/N(replication). On top weighting for the probability to reach the detector is applied

(differently depending on 2 or 3 body decay)
A. Longhin
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It V
Decay lengths (m)
_’@’ Decay tunnel @ 600 MeV
= Cylindrical filled with low -pressure air. AN S
= Tested geometries: L=10-20-40-60 m /r =1-1.5-2 m L\ SHEd
L=40 m, r =2 m chosen as central value K
Based on sensitivities. L>40 m gives v. Ks 3.2
0
contaminations from u decay which spoil gain KU e
given by increase of v, statistics
>
> @l >

Cylindrical (~ 2 A long)
'lhrget r=0.75cm

Liqg. mercury (Hg): L =30 cm

Power dissipation / mesons yield / © collection / v fluxes / sensitivities

Simulation tools %M@
y/

GEANT3 GEANT3 GLOBES 3.0.14
*
eai208:3 GEANTA4 GEANT4

v fluxes: probabilistic approach. Each decay is weighted with the probability of the v
to reach the far detector. Event duplication + weighting for u and K decays.
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A graphite target: motivations

Integration of the Hg jet within the horn not addressed
Hg-Al chemical incompatibility

No magnetic field for a standard magnetic horn to mitigate the explosion
of the mercury jet (MERIT) as in the case of superconducting solenoids
used for the neutrino factory design (no charge discrimination, not for a
SB)

Already used (i.e. T2K, He cooled, 750 kW)

First approach: replace the target keeping focusing + tunnel

L : 30 -> 78 cm (i.e. sticking to a ~ 2 A | target, same R)

target

Horn + Refl. + 78 cm long target Z of pi+ exiting the target

h_Z_piplus

| (2 pips |
// I = Ppre Entries 38247
“““““ 13.65
reflector B I 8.234
| 5000— —— Hg 2.2 GeV 30/0.75
Proton / 80 cm T
beam horn 4000

3000]

— C2.2GeV 30/0.75

2000]]

1000

140 cm ' 220 cm j i S D DU e

v
o
)]
—h
o
-
]
N
o
N
]
w
)

i
A
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C vs Hg: energy deposition in the target

Mean energy deposition vs Ek(p)

| Energy release vs incoming p beam energy ]
4

Mercury L=30cm diam.=1.5cm
3.5

- [} Graphite L=78cm diam.=1.5cm
3

25

Energy release (GeV)

2%
1.5

) GEANT4*

0.5

0 Ll I - l Ll I - I Ll l - I Ll l | - I ) - l | - I 11 |
8 10 12 18 20 22
E proton (GeV)

*with (hadronic “QGSP physics list”)

G4 larger than FLUKA. ~ +10% for Hg /
General trend is confirmed //
considerably lower for C! ~ 200 kW @ 5GeV

Plot w1

Mercury

0.8

A. Longhu

Power release: 4 MW * <E,__>/E, (p)

| Released power (MW) vs Ep. 4 MW input. |

% 1.4 :— Mercury L=30cm diam.=1.5cm
. C
§ 1_2:_ . Graphite L=78cm diam.=1.5cm
s [
2 F
[« -
08, C: ~08-0.1 MW
0.6
04 ° *
- . GEANT4
0.2 ‘e,
- /( ."OO-.oooooo
0 Illlﬂlﬁ ll ||L|L||l|ll|l||l|J|Illlllllllllll
0 /2 4 6 8 10 12 14 16 18 20 22
/" E proton (GeV)

<deposited energy= / proton (GeV

1.4

1.2

;_F LU KA08 (thick markers)
;G EANT4* (thin markers)

/Mean energy deposition vs Ek(p)

cm

0.8 C
F r=0.5cm
0.6_—
0.4
C r=0.75cm
0.2j
0_ lll I lllllll I Illllll Illllllllll
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E proton (GeV)
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C vs Hg: meson production (FLUKA2008) L E

1.1
vs proton kinetic energy [2-10] GeV AMWEZ & Do o s imit
or 0.3

x 1016 pot/s at 8.0 GeV

Particle multiplicities &5

2 c s
K* Hg 30/0.75 cm e ® K*C78/0.75cm £
A 7 Hg 30/0.75 cm E A neutron Hg 30/0.75 cm| A 7+ C78/0.75 cm 2 A neutron C 78/0.75 cm
K° Hg 30/0.75 cm 1.8 as O K°cC78/0.75 cm 1.8 a5
0.07

K" Hg 30/0.75 cm B K C78/0.75cm

1 6l YT Hg 30/0.75 cm a0l 16/ Y mC780.75cm a0l

Om O e

O  antiK® C 78/0.75 cm

antiK® Hg 30/0.75 cm

tn flux

«t dramatically
- reduced wrt
t Hg! (~ 15 x)

+

. il | |
2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
Ek(p) (GeV)

2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
EK(p) (GeV)

Particle yields Graphite Same vert. scale

- soor12™ gooi1e” asp0” 5000, _10“ S0 10"
® K*'Hg300.75 cm £ ® K'C730.I5¢m u g
A ™ Hg 30/0.75 cm z A neutron Hg 30/0.75 cm| E B A meutron ¢ T&/0.75 cm
© K Hg 30/0.75 cm as0q| o k'c7amIscm asoo]
m K Hg 30/0.75 cm 250 m K CT780.75cm % + as0l
o won| ¥ T Hg 3000.75 cm 200 o 4000~ M n F
O antiK™ Hg 30/0.75 cm O  antlK™ C 78/0.75 cm [

::::é__,zs...,..»-
j,v-"‘i |

2000

r 3soof r

[ F 200

o +/0 - E L
150 E 3o00f L
i 2soof 150}
'ﬂ w L

E4 2000 L
;T Sl il
1500 n 1s00f- s n
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F ¥ mcCTemIsem sof-
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: I P T .
o b bl bl oo bl ol i d M P FUETY IYRTR FTTAIRTA POTT RTTTA CATRA IO o Lo
2 3 1 5 -] 7 g 8 o 2 3 4 5 L] 7 2 8 10 2 KJ/obar 8 8 10 2 3 4 5 6 7 8 a 10 2 3 4 5 1] 7 2 a 12
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Pion yields comparable, neutron flux reduced by ~ x15 with C !!
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C vs Hg: v fluxes

Minimal
change

approacho 30 cm Hg->78 cm C (FLUKA)"

Mercury

A. Longhin

O Standard Horn
O Geant3 simulation

v /100 m~2/20MeV / year

v /100 m”2/ 20MeV / year

» + FOCUSING

X
—

- 2.2 GeV
v 3.5 GeV
I, ———45GeV
2y 8.0 GeV
O% ——02 04 06 08 1 12 I|Is1('c‘;1eIV)

E (GeV)

Same vertical scale

87

pion yield trends are reflected in fluxes
despite non optimized focusing for long C
target

Fluxes from C and Hg are comparable

higher high energy tail for C due to not
optimized focusing

« = FOCUSING

X

All flavours

v /100 m~2/20MeV / year

-
S
||||||II|IH||I|||H|I|I|||||||||||l|l|||

TTT
1]

X

1

(=]
-
N

1.13 x 106 pot/s at 2.2 GeV
4MW 0.71 x 10 pot/s at 3.5 GeV
0.55 x 10 pot/s at 4.5 GeV
0.31 x 10 pot/s at 8.0 GeV

v /100 m*2/20MeV / ye ar
»

H.hllpllllllllllHllllll|l||||||l||||||||ll|||l|
lEI

|
o

10 |

8 T

¢

4 d

28

0:...|...., : = fm S R D S T
0 0.2 0.4 0.6 0.8 1 1.2 14

E (GeV)
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Pion collection:
Hg-C

p vs 6 plots

Positive focusing
(negative defocusing)

Carbon:

ey ]

» focused pi+ less
“monochromatic” (tail at
high momentum)

» larger fraction of not
defocused pi-

4.5 GeV

probability to reach the
far detector

1A 1
~ 4x L? (Bcosa — 1)2

Px

A. Longhin
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Weights (THICK target, C 5 GeV, HARP/FLUKA)
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Reweighting (THICK target, C 5 GeV, HARP/FLUKA)
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Re-weighting impact on fluxes (FLUKA)
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Weights (THIN target, C 5 GeV, HARP/FLUKA)
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Systematics on primary pions
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FUROnNu A High Intensity Neutrino S

Oscillation Facility in Europe

EUROnNu is a Framework Programme 7 Design Study which started on 1st September 2008 and
will run for 4 years. The primary aims are to study three possible future neutrino oscillation faciltiies
for Europe and do a cost and performance comparison.

The three facilities being studied are:

* CERN to Frejus superbeam < our interest

* Neutrino Factory

 Beta Beam with higher Q isotopes

In addition, EUROnNu will look at the performance of the baseline detectors for each facility and determine the physics reach of

each. Although a European project, EUROnNu will collaborate closely with related international activities, in particular the
International Design Study for a Neutrino Factory, IDS-NF.

Work Packages

VVP1 . Management and Knowledge Dissemination

WP2: Super-Beam More info at: and in particular in the slides of
WP3: N rino F the annual meeting held in CERN in march 2009:
WPZ: Bgtuat_Bgan?ctory http://indico.cern.ch/conferenceDisplay.py?confld=42846

WP5: Detector Performance
WPG: Physics
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SPL- Frejus layout

H linac, 2.2GeV, 4MW  Accumulating Ring

: P
Electromagnetic
horn Target 1r+1i_':
& /ﬁ;:ﬂ}'
Near Tunnel

Detector

130km

SPL (Superconducting Proton Linac) is already funded as part of the
new injection chain for the LHC.

Far detector: a 440kton Cerenkov detector (MEMPHYS)
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PLANS FOR FUTURE INJECTORS: Description

Proton flux / Beam power
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E = 3.5 GeV 99

Neutrino fluxes at 100 E, ~ 300 MeV
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FLUKA 2008 vs FLUKA 2002.4 ™

O Momentum spectrum of ©* exiting the target
E,.(p) = 2.2 GeV, Hg cylinder L = 30cm, r = 0.75 cm

Normalization + shape comparison

pi+ spectrum Ek(p)=2.2 GeV FLUKA 2004 | - th_m_pip;i%
ntries
0 Mean 0.4076
g_ hd RMS 0.2573
g e Markers: FLUKA 2002.4 (from paper)
- Lines: FLUKA 2008

Looks like a kind of
“migration” between the

60 two regions

Very similar in the

interesting momentum
region at ~ 600 MeV
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Particle multiplicities: FLUKA 2002.4
Eur Phys J C45:643-657,2006

Energy of prolons thal creale a kaon
x10°

Enargy of protons thal creale a pion
x10%

| A kind of “transition”
8- btw 3.5 and 4 GeV

Hg 30/0.75 cm

u = at 3.5GeV :
0.29 1t */s
2.8 103 K*/s

E, (GeV)
= at 4.5GeV :

0.32 1 */s

5.2 103 Kie
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Graphite-Mercury: pion spectra
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o mffectof: radius en. pion-Mmultiptcities
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