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The SPL-Fréjus Super Beam

7 Being studied in EUROnu WP2 (beam), LAGUNA (far site) and MEMPHYS
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—y 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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Flux computation method L

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
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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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A. Longhin

-() (3> Decay tunnel

Decay lengths (m)
@ 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)
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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

Power release: 4 MW * <E,__>/E, (p)
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C vs Hg: meson production (FLUKA2008)
vs proton kinetic energy [2-10] GeV 4AMW =
Particle multiplicities &8
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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
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O Standard Horn
O Geant3 simulation
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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
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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" &
c(v)>c(anti-v)

- let's minimize
wrong charge pions !

Jt_—>u_vu
eny v
BN

n*—wﬁvu
Nye'vyv
e
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J. Phys. G29 (2003),1781-1784

===l Horn optimization for a long target
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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) f\ i
o

o kS

Better wrong charge pion rejection

p <)
(more “forward closed”) and i JU
higher mean neutrino energy \_ T o
: ‘ | E— | s
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
NY VAT SR DU B ___/SB/det/Horn R2 16. cm

mean energy; energy Spread) RO .|/SB/det/Horn I1 308000 ampere

LTINS ) | Ialllll A AN ..vutr“ﬁl .
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Horn configurations ranking (example)
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Distributions of the horn geometrical parameters
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GEANT3-4 comparison with standard horn (l)

A. Longhin
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GEANT3-4 comparison with standard horn (ll)
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GEANT3-4 comparison with standard horn (lll)
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Good agreement between the two simulation programs
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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 GDR neutrino, Strasbourg 29 Oct 2009



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
horns as “central” as possible [h_piplus_DIF_xy
o pras_on_ay ——— 252

GEANTA4

vy
o
=

£ tunnel:
o390 R=2m
S L=40m
= @4.5 GeV
C . e
Small flux loss even up to / sso
big Iateral diSplacementsl ° 80 % 190 11?\0rns1|?£dialJii?)lacemgnt(c:r?)o
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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.)

h 5 A h
%1012 Entrie;lumu 303 10° m%
F Mean 0.3161 5 = Mean 0.3622
18— b = RMS  0.2019
F = 4.5 GeV p. 4 NEW HORNS (all pulsed) 2600 —
1oF ) T |
8 14 :_ L 4.5 GeV p. 4 NEW HORNS (singly pulsed) ?400 :_
g 12 E'_ q 1 4.5 GeV p. 1 classic HORN gizoo ;— G EANT4
"(;; 10:— .8-1000—_ |
'.E 8 E_ 3 > 800
E : @ 4.5 GeV
s 600 ‘g
f‘ : - <— positive
af- 400 )
— I - focusing
° -
= o) S Y S e 0
0 0.2 0.4 0.6 0.8 1 1.2 1.4 0 0.2 0.4 0.6 1.2 1.4
TU' E (GeV)
- OLD (%) NEW (%)
NE «10 Emrizsnue 303 X106
S A 59 . + FOCUSING
= < _
(| 80 =3000 v 88.9 -> 95.55
~ Q k
> 70 ~7000 av 10.5 -> 3.9
< o n
8 60 56000 Ve 0.6 -> 0.56
e Zs000 av, 0.052 ->0.025
.: 40 4000
v - FOCUSING
= 30 3000
g 205 2000 v, 26.1 ->11.2
\ 10 1000 av, 73.4 -> 88.4
o 0 v, 0.17 ->0.09
av, 0.34 ->0.35
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3¢ sensitivity on 6 . with the new horn

Color codes: proton energies

SPL sensitivity
Carbon target o @ 3 sigma (A y2 (2 d.o.f.) =9)
Mehorn ( )?3.2 " FMEMPHYS 0.44 Mton C + NEW HORN (4) 2.2 GeV
% 0.0035 :—8y (anti v)+2y (v) |- C + OLD HORN 2.2 GeV
new horn ( ) - C + NEW HORN (4) 3.5 GeV
C 2.2 GeV
0.003 - 3.5 GeV . N\ |t C + OLD HORN 3.5 GeV
Significant 5 00253_ 4.5 GeV C + NEW HORN (4) 4.5 GeV
improvement ' B B/ A\ \UE C + OLD HORN 4.5 GeV
achieved by the - ¥/ C + NEW HORN (4) 8.0 GeV
new horn design 0.002 ' e
- 0 g B C + OLD HORN 8.0 GeV
mainly in the -
anti-v region as 0.00 5: R )
needed. B S
0.001Z X
— ,5°
Limits gets even &
e than 0'00050_' ——50 700 150 200 250 300 350
mercury ones S (eeee)
with standard
horn
e .g in (0] Wi =U. on
GEANT4 AEDL file SPL.glb in GIoBES (with M=0.44Mton)

J. Phys. G29 (2003),1781-1784
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3¢ CP violation discovery coverage

SPL 3. sensitivity to CPV (A x*(5,, =0 || 1) = 9)
: Color codes: p energies

q;'z : [ = C + NEW HORN (4) 2.2 GeV
AN | | == C+OLDHORN 2.2 GeV
T‘E — ! = C + NEW HORN (4) 3.5 GeV Carbon target
9 15— |
e | [ ==== C 4+ OLDHORN 3.5 GeV
S : t‘ === C:OLDHORN:.S)G'zVGeV Old horn ( ------ )
— 1 C + NEW HORN (4) 8.0 GeV
'2__ C + OLD HORN 8.0 GeV new horn ( )
25 Significant improvement
- achieved by the new horn
. design.
-3—
B [ SPL 36 CPV discovery |
- B 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 q’ 1:
3'50 1 2 3 4 5 § 0.9F
2 -
S 08F =
\ \ 5 07F
The change in the focusing g L E
does not alter the “ranking” E b
of proton energies E ey 2201
p g 2 [ ] 2 Gev 0.4 ;_ :,"./ E,’ =.=. C+OLD HonNz.zG;v
. 0.3 :_ ! s C + NEW HORN (4) 3.5 GeV
3.5 and 4.5 GeV are Z g g:¥ - e
preferred (in this order) : o2 e
01 :_ C+OLDHOHN8.DG.‘eV
-(2'4._5 II3IIII2|.5|||1|2IIII|I

- - - -1.5
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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
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Conclusions

Activity on the SPL-Fréjus project revived within
EUROnNu. Simulation tools working and being updated
(GEANT4-FLUKA2008.3-GLoBES 3.0.14).

Solid target: simulation indicate much reduced energy
deposition and neutron fluxes (-X 15), comparable -
neutrino fluxes and competitive/better performances at/”

the level of 6_, sensitivity.

Simulation rewritten in Geant4. Good agreement with
previous Geant3 simulation

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)

Solid target option in association with multiple horns looks
appealing for the SPL-Fréjus Super Beam

Outlook

Study systematic effect by using HARP “thick target” data to reweight FLUKA
(or other models) spectra. First steps already done.

Improve estimation of n° background

A. Longhin GDR neutrino, Strasbourg 29 Oct 2009
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FURONuU A High Intensity Neutrino

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

A. Longhin GDR neutrino, Strasbourg 29 Oct 2009


http://www.euronu.org/

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)

A. Longhin GDR neutrino, Strasbourg 29 Oct 2009



PLANS FOR FUTURE INJECTORS: Description

Proton flux / Beam power

[
»

from R. Garoby

50Mev | Linac2 Linacd
R N T
it
lalcev. PSB (LP)SPL
e .. l
> PS
SleeiGev| @000
miEsesa T Ps2
()]
: Y e—
glasoGev T 7 SPS+
Cood R
vy
LHC / ’
BE- SLHC DLHC
e
EPAC’08

j\gﬂ&gh':}n—ﬂ, 2008

(LP)SPL: (Low Power)

Superconducting Proton Linac (4-5
GeV)

PS2: High Energy PS
(~ 5to 50 GeV - 0.3 Hz)

SPS+: Superconducting SPS (50
to1000 GeV)

SLHC: “Superluminosity” LHC
(up to 10> cri==ul

DLHC: “Double energy” LHC (1
to ~14 TeV)

GDR neutrino, Strasbourg 29 O&'%OQ



PLANS FOR FUTURE INJECTORS: L

25,

ice

—

\ PS
| = i : (:,/;
s ) ~H _E,S i

21 Zones d'implantation
des batiments SPL

Tzmcewn fOM R. Garoby “ = DA Q
p—— Linac4 =7 30 f
VUE EN PLAN - 1/2500 iazemahuri

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

EPAC’'08
Ju Egngh?n'zl 2008 GDR neutrino, Strasbourg 29 O&'%OQ




E .= 3.5 GeV

Neutrino fluxes at 100 E, ~ 300 MeV

L=40m,R =2 m

G 7 .
1 yedr — s kr T+ fOCUSlng
fromn &
L”t_mﬂ  x0® ‘E’uflux ) M
%125_ %ﬂm 10 from K
s F z 1€ from K:
& b i 14
E r £ 80 12
T sf g 1
C El]: i
- 40
G = | :
(D 2C 040808111 H 8 82 M a3
Q
R e e R R e G550 06 08 1 42 14 T6 T8 2
~ E (GeV) E(GeV) '
E  ar Ve flux e v, flux
B —nl i L
o £ 10 : f
O Em:_ Eﬂlﬂ]_
#F TR
Q E 50} i
- 2 E T ol
" 40f -2
305 15

[I] 02 04 06 08 1 1.2 14 1€(deﬂv)2 [|]_ 0.2 04 06 08 1 1.2 14 EPG&\?) 2
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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 | h_p_piplus
Entries 23448

@ Mean 0.4076
E- * RMS 0.2573
= 100 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

40

20

0 | | I 1 1 1 I 1 1 1 I 1 1 1 | | | | | | 1
0 0.2 0.4 0.6 0.8 1 1.2

Target-p excited to A beam-p excited to A p (GeV)
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A. Longhin

Energy of prolons thal creale a kaon

x10°

Eur Phys J C45:643-657,2006

Particle multiplicities: FLUKA 2002.4

Enargy of protons thal creale a pion
x10%

S10

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

Hg 30/0.75 cm

2.5 = 35 4 JflIJE.'::l [GEN')E
u = at 3.5GeV :
0.29 11 */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 energy deposition: GEANT4
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======1r
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= Distribution of dep031ted energy in bins of E (p) [1-20] GeV

ey gy g,y 2 o, e 18 v 4 |

=
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e ewwwwmss  physics list”)
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Graphite-Mercury: pion spectra

piplus/s yield E_k = 2.2 GeV I
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o mffectof: radius en. pion-Mmultiptcities

’ TOTAL pi+ multiplicities vs cyl.radius. Ek(p) = 2.2->8.0 GeV I p|+ multiplicities vs cyl.radius. 0.5 < p < 0.7 GeV. Ek(p) = 2.2->8.0 GeV
i I 025
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