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Hadron production and focusing
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Focusing total uncertainties...
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Dolomite Pure neutrino flux at the end..
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NuMI users
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Particularly Minerva...

Our main goals are to measure: !
c

s Neutrino-nucleus cross sections of g : |
exclusive and inclusive final states. |

s The nuclear effects on the v-A
interactions and form factors and

structure functions.

To have a high precision
measurement...

we need to know our flux as well as we can.

Leonidas Aliaga NuFact, July 23 - 28, 2012 William and Mary 7



Understanding the Flux

s Big discrepancies between
predictions from hadronic
models.

s \We need to go back to the
history of every neutrino:

What happens with the
neutrino ancestors and their

interactions?
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s MINERVA uses a geant4 based MC for Flux simulation and QGSP

(Quark Gluon String Pre-compound) as a hadronic model.
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1t which produce v, hitting MINOS/MINERVA

Origin
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How is pC-> mt*"X?

Transverse Momentum vs Feynman x for ©* Transverse Momentum vs Feynman x for w
LE Neutrino Mode LE Neutrino Mode
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How is pC-> K*"X?

+
Transverse Momentum vs Feynman x for K
LE Neutrino Mode
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Transverse momentum vs Feynman x for K’
LE Neutrino Mode
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Predicted Neutrino Flux from target
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Secondaries that interact in the target

Energy Spectrum of Charged Pions and Kaons That Are Neutrino Ancestors Energy Spectrum of Protons That Are Neutrino Ancestors

LE neutrino mode
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Improving the flux

Multi-prong approach:
= Using the Muon Monitor Data.

Varying the beam parameters (horn current, target position).

Looking into the v_— atomic electron interactions.

Using low v-method (See Arie's talk)

| will show our first
results on this

Using external hadron production data.

E Constraint the MC flux to get the right shape and uncertainty.
(I) (EU) E(D (XF :pT)

Redundancy will make our flux more accurate
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Using external Hadron Production

Data of inelastic cross section p(n)C

260
C Bellettini (pC)
255/ s NAB1/T2K (pC)
a s  Denisov-QEL (pC)
£ 250— =  Carroll (pC)
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energy (GeV)

s For pC - " X: NA49 @ 158 GeV (CERN), Barton @ 100 GeV
(Fermilab) & NA61 @ 31 GeV (CERN) & HARP @ 3, 5, 8, 12 GeV.

s For pC — K" X: NA49 @ 158 GeV (Tinti's thesis, FERMILAB), MIPP @
120 GeV ratio /K (thick: Seun & thin: Lebedev).

s For m"C - " X: HARP @ 3, 5, 8, 12 GeV.
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NAG61 & NA49 coverage for charged pions
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nC _ pi+ X @158
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Comparison pC @ 31 GeV vs pC @ 158 GeV
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Results to Neutrino flux

3
Applying corrections to 77 C' — T X of EC;T% :
( L NA49(£EF,pT,158G8V)
W(TF; PT) = GG5P(ap pr158CeV)

NuMI Low Energy Beam NuMI Low Energy Beam

hadron production

100 F corrected flux
. — V|.L ]
80 I —V - flux ratio
Ll weighted/unweighted

—V,

flux ratio weighted/unweighted

flux (neutrinos / m* / GeV / 1OEF’OT}

o 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
neutrino energy (GeV) neutrino energy (GeV)
: UM IS the neutrino spectra when we focus Tt

« 'V, is the antineutrino spectra when we focus T1t.
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Model Spread Uncertainties

s The maximum model between geant4 models for Non-NA49 uncertainties.

s Divide in categories:_wt,K,p,n,other secondary interactions in target, in horns,
decay pipe walls or He, target hall chase.
s | arge project to: add more models and gradually replace model spread with

existing and new data.

n+ from 7 that interact in the target i+ from interactions in the horns
S 1000 5 F -
=L [ —— QGSP & r —— QGSP
e~ - ™ 250 9
S C ] —— FTFP_BERT s ' JL —— FTFP BERT
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< L L - S [ LH -
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‘:E : n ‘:E 150_— u
= B = - ||
200 E| 505
0 L | Ll | L | | | T B | O_I T B L1 L1 | ] P PR PR AR |
o 2 4 6 8 10 12 14 16 18 20 c 2 4 6 8 10 12 14 16 18 20
Neutrino Energy (GeV) Neutrino Energy (GeV)
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Total Uncertainties to reconstructed Ev

Inclusive Charged Current v, Interaction
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Hadron Production Test at NAG61/SHINE

NA61 (SPS Heavy lon and Neutrino Experiment) at CERN is a large
acceptance hadron spectrometer in the North Area H2 beamline of the SPS.

13m
«< >

|]m4. Projectile Spectrometer Detector
|

VERTEX MAGNETS

VIX-1  VTX-2 s Measure energy of

BEAM TARGET /

o forward particles.
- s We took data pC @120 GeV

S
s, just with PSD last June 25.

Forward-ToF

.
A Y
A Y
H ToF-R ‘

~
s pC @ 120 GeV full detector (thin target).
Plan:| #= pC @ 120 GeV full detector (thick target).

He BEAM PIPE

B : Planned main .
detector upgrades ‘

TPC READOUT MTPC-R

s Great opportunity to take i’ C at lower
\energies (10-50 GeVL)
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Conclusions
= For MINERVA is crucial to have a good flux shape with

small uncertainties to deliver v cross sections.

= We are following different and independent approaches

to constraint the flux.

= We showed today our first results using external hadron

production data and it is going to improve using more

inputs.
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NeUtrinos at Main Injector a3

s Fast extracted of 120 GeV/c protons from
Main Injector collide on Carbon target.

= 1 spill/2.2 s, 10 ps long (~ 35x10* POT/spill).
= Beam power: ~300 kW (full power).

Target Servicej 0 64 128 256 MINOS To Soudan—~|
Building B Service |
<~ Main Injector | Building Ii
-——
Carrierlfu?‘ —_— € e ‘ I|
Tunnel 7 T s i
Target Hall —/ Beam Absorber —/~ Minos Hall |
Muon Detectors —  Minos Near
Detector

= Neutrino beam from focused meson decays with variable energy
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Successful Low Energy Run!!

s 157.1x10*° POT total since 2005 to 2012.

Total NuMI protons to 00:00 Monday 30 April 2012

—
f)

Co
Total Protons (E20)

Protons per week (E18)

=9

0 0
2005/05/02 2006/03/17 2007/01/30  2007/12/16 2008/10/30 2009/09/14 201 0/07/31 2011/06/15 2012/04/30
Date

s 62.0x10” POT deliver for Minerva Full detector
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Components are consumables...

= High radiation, thermal stress, mechanical stress, water leaks
affect all components.

s Replaced: 6 times targets, horns and hadron monitors.

s Gradual slope due to radiation damage.

B g mogetenpeifeme it st i85 g ot s ey -
— 20 |- Near Detector Run Il Data =
O 18f """\gmM =
& . E N —+— Run lll Data 3
o M —— Slope+Step Fits
LI 12 | =
2 10E s WSS =
) e o E
= 6 F ~ iy =
e 4E NuMI target 2 SUSNNI ]
L = "'""‘“"':
2 E exposed to 6e20 POT MINOS Preliminary -

o Comewesen D z

0 1 2 3 4 5 6 7 8

Reco E, (GeV)
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Sources of the focusing uncertainties

Horn angles. Horn tilt 0.2 mrad.
Horn offsets. 1.0 mm. Transverse misalignment

Horn current. 1.0%. Miscalibration.

Horn current distribution. o=6mm / d=infinitive.
Baffle scraping. 0.25%.

Protons on target. 2.0 %. Beam intensity, size and
position of the beam. MC Beam size: 1.1x1.2 mm2 and
target size: 6.4x15mm?2.



NA49 interpolation




Corrections to Energy scale by Fluka
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Comparison NA61 and NA49
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Comparison NA61 and NA49

n* : 20< 0 < 40 (mrad)
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Comparison NA61 and NA49

n* : 60<8 < 100 (mrad)
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SSS

pC->1*X at different energies from simulation for xF =0 pc-;;-gx at different energies from simulation for xF = 0.1
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QGSP FTFP vs Data Comparison
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QGSP FTFP vs Data Comparison
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CC Inclusive Neutrino Reconstructed Energy
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