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Cross-checks of the new
GEANT4 simulation

1) GEANTA4 pion yields and HARP differential
cross sections @ 5 GeV - to validate the
possibility of using it also for simulation of p-
target interactions (FLUKA traditionally)

2) check of branching ratios implementation

3) Comparison with previous GEANT3
simulation (Cazes, Campagne)

4) Comparison with NoVA fluxes

5) direct “nu-counting”
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HARP-FLUKA-G4 comparison for C at 5 GeV. THIN = 3
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GEANTA4 branching ratios cross check
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GEANT3-4 comparison with SPL standard hor?n

The original oF v, = Vi
GEANT3 software :_ 3 GEANT4 ——
(A. CazeS) 10 1000 F= GEANT3 ----}-
rewritten in sf- d s0oft
GEANT4 °E
Fluxes comparison 00 = IO.IZI ’ IO.I4. ' IO.IGI ' I0h.8 ‘;_- 1.L2_l l1.l4l OO_I ' .0.2I ' I0.4I ’ IO.G. ' I0:.8 e ‘:I'I-Hhi;lz L.1J.4*
with the original
horn geometry L), U e
. RMS  0.1981 RMS  0.2475
standard horn
geometry
(GEANT4)

Good agreement found between the two
simulation programs
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GEANT4: benchmarking with NOvVA fluxes’

NOVA setup reproduced in the new GEANT4 framework
E= 120 GeV, L=810 Km, 10.8 Km OFF-AXIS
GEANT4 used also for the primary proton interactions (in place of FLUKA)

Reference fluxes from NoVA public web pages
/ / http://enrico1.physics.indiana.edu/messier/off-axis/spectra/
Comparison in

normalization

10712

-
o,
©

and shape oot — G4 my sim s o
s — NOVA s
Reasonable
agreement - also
considering that 3 |
geometry IS T T TR Sy 4iI55(Gev? °o""4""4""3'""4""5""'e""'7'""8""9;'(;;1)0
reproduced with
approximations.
Simulations are &} Ly
completely
independent “ -~
0- I2I0IIEI(G;V2)5 OIIIISIIIII1I0IIII1.I’;IIII20IIEI(G;V2)5
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Cross-check: nu counting

To validate: 1) probability approach 2) off-axis treatment

Select neutrinos generated by GEANT4 decays in narrow cones around the forward direction
and off axis direction

Easier with high energy beam. Done for the NOVA configuration.

Use numu spectrum to understand the maximal cone aperture cone which allows to have a
realistic spectrum shape (at sufficient statistics)

Q=1/(4nL? (1 m2at810 Km)~ 1.5 prad

considered 7 cones of semi-aperture:
o =0.1-0.05-0.025-0.0125 - 0.00625 - 0.003125 - 0.0015625

solid angles Q' (prad): 3.1e10 - 7.8e9 - 2.0e9 -4.9e8 - 1.2e8 - 3.1e7 - 7.7€6
= (1 - cos o)

last cone ~ a detector ~ 2.2 Km x 2.2 Km

scale fluxes obtained with counting neutrinos in the cone by Q/Q'
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A test setup @ 50 GeV S

Meant as a starting point, not optimized

N
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Parameters of the focusing system

E_protons = 50 GeV

primary interactions : GEANT4
Horns

NOVA (= MINOS) shapes
currents = 200 kA

Aluminum thickness =3 mm
horn-refl separation = 10 m
Target

graphite (p =1.85 g/cm®)

L=1m
r=2mm
z=-35¢cm
Tunnel

L =300 m
r =1.225m
ON AXIS

A. Longhin

Ingredients for GIoBES limit calculation:

* 3-10%" potly

("“PS2++" see A. Rubbia pres. at WINQ09)

*5 % sys err.

* 100 kton LAr

simplified description, refinement being worked
upon (L.S.Esposito)

* 8y anti-nu + 2y nu running

* CERN-LAGUNA baselines

T

Thanks to A. Meregaglia
for the GIoBES AEDL file

EURONu WP2 meeting 12 May 2010
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50 GeV test setup: fluxes

<E>~ 2.8 GeV
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50 GeV test setup: sensitivity on sinzzo13 vsL

Flux setup O
™ 0'009:"'"'"|"Hluu.|...5°GeVL12rO1En(:kt°”
Qc?\bl 0.008 f_ 613=O excluded > 3o0 above curves 630 km
= - 665 km
2 0.007 950 km
E 1050 km
0006:_ — 1570 km
0.005 = 2300 km
0.004E B
<E>~ 2.8 GeV - - t:
0.003:— /‘*
0.002F- i
0.001F
O: c e e by by b ey -
0 50 100 150 200 250 300 350
0 (degrees)

Known hierarchy

With this test setup best sensitivity at ~ 1000 Km
Energy spectrum fits first oscillation maximum for this L
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50 GeV: CP violation @ 36 vs L

Flux setup O
™

0.009 ——
0.008
0.007
0.006
0.005
0.004
0.003

0.002
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] L I LI | LU

sin°28,

50 GeV 2.4 MW LAr 100 kton

0.25 deg OA 130 Km

130 km

------- 0.25 deg OA 630 Km
630 km

CPV excluded= 3¢ herel

CPV excluded > 36 here

0.25 deg OA 665 Km
665 km

0.25 deg OA 950 Km
950 km

0.25 deg OA 1050 Km
1050 km

0.25 deg OA 1570 Km
1570 km

0.25 deg OA 2300 Km
2300 km

1 1 1 I 1 1 1 | | 1 1 1 1 I 1 1 1 1 I 1 | | | I 1 1 1 1 I 1 1 1 1
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~ Ol

In the queue: add in the comparison the sensitivity to mass
hierarchy (will prefer longer baselines)
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With this test setup best sensitivity at ~ 1000 Km

Energy spectrum fits first oscillation maximum for this L

prob(numu->nue) GLOBES
0.6 T T | | | T T

| T
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w e \% matter 01 , 3g|/2 ................

sin20 = 0.1 vacuum 0.1, 0 -
13
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LS

Optimization for different baselines

Location Loern [km] Fist0 nr [GBV]
Fréjus (F) 130 0.26
_ Canfranc (ES) 630 1.27

. - a—z _

—z€[0,z]: f(z) =/ —c Umbria(IT) 665 131
— zc [zl’ 22] - f(Z) —d Sierozsowice(PL) 950 1.92
—, , Boulby (UK) 1050 2.12
— 2 € [z9,23] : f(2) =/~ —¢ Slanic(RO) 1570 3.18
Pyhasalmi (FI) 2300 4.65

Parametric model of parabolic horns
implemented in GEANT4 simulation

A BT I e
|
AT INTTL P IR AT PO AT P
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Parameters' space

. Parameter horn refl. variation
. ' a 85.7091 100 50%
21,22] ¢ f b 7.0483 | 0.1351 50%
22, 23] @ f(2) c 0.2 0.3 50%
a’ 82.2123 100. 50%
b 2.1850 | 0.2723 50%
¢ 0.2 0.3 50%
d 0.9 3.9 50%
r 15 40 50%
= 80 97.617 50%
z9 83.982 104.803 50%
z3 300 300 50%
Liun (200,1000] m
Tiun [0.8,2] m
Ztar [-0.5,-1.5] m
Liar 1lm
Ttar 2 mim
Aun [4,50] m
1H = 1R 200 kA
5 3 mim
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Configurations'  Cirro=i
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High-E configuration fluxes
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Low-E  configuration fluxes
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50 GeV LAr 100 kton
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An exercise: SPL->W.C. at L#130 km ?

™
—

20

Al

sin

EP=SPL 4.5 GeV
610 potly
0 Sys eI,

* 440 kton WC

* 8+2 years

oo C.| .

* GEANT4 for
primary pions

Standard MEMPHYS
description in GLoBES as
for J. Phys. G29
(2003),1781-1784

0.004
0.0035
0.003
0.0025

0.002
0.0015 =y p:
0.001- = =
0.00051 =
O : 1 1 1 | 1 | | 1 | | 1 | 1 I 1 1 1 1 I | | 1 | I 1 | 1 1 I 1 1 1 1 :

0 100 150 200 250 300 350

O (degrees)

Frejus

L L l LI I LI

4.5 GeV 4 MW W.C. 440 kton

The new focusing produces spectra with higher mean energy
so that longer baselines ~ 160-200 Km become favored

A. Longhin
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4.5 GeV WC 440 kton
2 0'003—' C ' 0.020
?\D.l : 0.025
Effect of 000251
w : 0.035
n L 0.040
systematics 0.002- .
_ 0.050
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0.001
SPL B .
0.0005— —
0:. oo o o o b o v b o b o o b by I:
0 50 100 150 200 250 300 350
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less important for LAr o  0.003—— o ok
L & - — oos
caveat: description of LAr detector = 0.0025 0.030
in GIoBES at a more basic level H ggjz
wrto to water Cherenkov 0.002— 0045
B ——— 0.050

0.0015F
PS2 -
0.001}

0.0005

IIII|IIII
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Conclusions |l

Flexible GEANT4 v-fluxes simulation developed / .
and cross checked A

An interesting tool to study different options
on an equal footing with “homogeneous” tools

Optimization tool written

Pair of preliminary configurations tuned for
different baselines
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Back-up slides
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Conclusions |

SPL-Fréjus Super Beam (4.5 GeV)

Activity revived within EUROnu WP2

Simulation tools working and being
updated
-GEANT-FLUKA-GLOBES-

Solid target + multiple horns is now
the new baseline

More realistic with better/similar physics reach!

A. Longhin EURONu WP2 meeting 12 May 2010
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L =130 Km

|.H.

! T
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prob(numu->nue) GLOBES
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prob(numu->nue)

prob(numu->nue) GLOBES
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0.35 | | | | | _
vacuum 0.1, pi/2 ——
matter 0.1, pi/2 -------
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03 1 matter 0.1, 3pi/2 e |
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0.25 |
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0 -:r-—rﬂ"... |
4 4.5 5
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prob(numu->nue)
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prob(numu->nue) GLOBES
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prob(numu->nue)
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prob(numu->nue)
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0.6 f

prob(numu->nue) GLOBES

32

L =2300 Km
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prob(numu->nue)
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