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Large range of
beam momenta (3 - 15 GeV/c)
target materials (H - Pb)

drift chambers time-of-flight

scintillators

beam-muon
identifier

- electron
identifier

cosmics
trigger wall

TPC + RPCs in
solenoid magnet

threshold Cherenkov
dipole magnet

é;eam FTP + RPCs

HARP: barrel spectrometer (TPC) + forward spectrometer (DCs) to
cover the full solid angle, complemented by particle-id detectors
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TPC

by:

two gas

system (21 m
base)

—-> Proton selection
purity > 98.7%

Beam Particle-ID

10

as HALO A '
1 1
: l B D BC B BC A i
e
: TOF B TOF A :
1 1

Funs 92685—-82735, Momeantum 35 Sy

\MW .m i !|. I.

g, 231294 £ 5,15 4.07 £ 0,793
m, 231481 £ 217 68,85 £ .29%

p. 242280 £ 5,36 21.74 £ 0165
di 272861 £ 757 0.27 £ 0.047%

Padroatsd = 2. 11 £ 0.07 GeWV

2300 2350 2400 2450 2500 2550 2600 Ze50  ZVC0 2750

Timea OF Flight {in channels TDC 33 ps)

electrons tagged by
threshold Cherenkov 4



Beam Tracking

RPC
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e el
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target ]
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accuracy:

Beam particle extrapolated to
the target

-> elliptic beam profile
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FTP Triggering

|HPG |
HALO A
l I BC B BC A
JebE ! TOF A
main triggers: efficiency: > 99% (single-track)
(thin targets) purity: 15-50 % (thin targets)
(thick targets) event rate: 200-500 per

400ms spill

Additional triggers:

* Forward (Cherenkov)

* Minimum-biased: down-scaled beam (normalization, calibration)
* Inter-spill cosmics (TPC and NDC calibration and alignment)

« Pedestal/Pulser triggers for all PMTs



Neutrino flux of conventional neutrino beams not known accurately.

T

pion and kaon production and use relevant targets and momenta:

> K2K: Al target, 12.9 GeV/c
>MiniBooNE: Be target, 8.9 GeV/c
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Momentum and Angular distribution of
pions decaying to a neutrino that passes
through the MB detector.

HARP p-AL data 12.9 GeVi/c:
M. G. Catanesi et al., HARP, Nucl. Phys. B732 (2006) 1

K2K results, with detailed discussion of relevance of production measurement:

M. H. Ahn et al., K2K, Phys. Rev. D74 (2006) 072003. [arXiv:hep-ex/0606032]




Cross-Section determination
for neutrino beams:
Forward Dipole Spectrometer Data

d* " . A*N" correction factors(p,8)
dpd2 ~ ApAQ N

pot

aSelect events 1dentified as primary protons interacting in the target
aFor each event, reconstruct tracks and their 3-momentum
eldentify pions among secondary tracks

aCount protons on target corresponding to selected events

2Apply corrections, for reconstructed-to-true pion yield conversion:

« Momentum resolution

« Spectrometer angular acceptance

« Track reconstruction efficiency

« Efficiency and purity of pion identification
« Other




Track Reconstruction in dipole spectrometer

Reused NOMAD drift chambers: Downstream track:
5 modules x 4 (chambers/module) x 3 (planes/module) 99.5% efficiency

Top view ﬁ A
NDC4

Vertex4: use for fit

NDC1 : NDC2 NDC5%
\ dipole magnet
Vertex4: Do not use for fit N\ || .. ]
B e \@
beam N7
Vertex2: use for fit @ NDC3
Vertex2: Do not use for fit S

dTWO WAYS to get momentum:

« Vertex2 tracks: 3D track segment DOWNSTREAM, plus successful vertex match
» used to measure pion yield.

» Vertex4 tracks: 3D track segment DOWNSTREAM, plus 3D segment UPSTREAM
» used to measure track reconstruction efficiency of vertex match



Track Reconstruction Efficiency

only focused tracks: charge x 6 <0

Within geometrical acceptance:
efficiency high and nearly flat in p and theta
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drift chambers time-of-flight

scintillators

PID principle

HARP

beam-muon
identifier

PS 214
Harp Particle Identification | T
-srcf)lgngiden%%%t} : triggeMF

5 6
) moﬂ‘e“m

T9 beam '

hreshold Cherenkov
dipole magnet

FTP + RPCs

TOF
g 10

8
o eV
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PID performance
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HARP Be

5% 8.9 GeV/c Results
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Momentum and Angular distribution of
pions decaying to a neutrino that passes
through the MB detector.

D. Schmitz

HARP results (data points), parametrization of HARP results (histogram)
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Parametrization of HARP Data

Cy

p

HARP data on inclusive pion production fitted to Sanford-Wang parametrization:
2 3
d o({p+Al-w"+X) p )exp[_CBT

[p,S) =C pCZ[ 1 o
dpds2 1 . P

o 069 {p_ C7 Ppeam COSCBQ)]

where:
X: any other final state particle

Dioam=12.9: proton beam momentum (GeVic)
p, 8: ™' momentum(GeVic), angle(rad)
d’cl(dpdQ) units: mbl(GeVicsr), where dQ=2rd(cosd)

C, ...,Cq: emprical fit parameters

Sanford-Wang parametrization used to:

aUse HARP data in K2K and MiniBooNE beam MC

@Translate HARP pion production uncertainties into flux uncertainties
aCompare HARP results with previous results in similar beam momentum,
pion phase space range
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Proton fluxes:
balloons,
satellites

Geomagnetic
field

Hadroproduction:

30% errors

decay
chains

,

« Ideally Cryogenic targets: N», O

e First measurements with carbon

* Full solid angle

* Higher beam momenta
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Primary
particle

o

drift chambers time-of-flight

scintillators

beam-muon

\ identifier
X |

PC + RPCs in
solenoid magnet

electron
identifier

threshold Cherenkov

cosmics
trigger wall

dipole magnet

T9 beam FTP + RPCs

incoming protons and pions
spectra: =" and =w

M+

u-

+ Several targets
+ Forward direction
+ Relevant energy range: 10-400 GeV
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Use focused negative and positive pions

NDC4
/ L
,
P -
T -
-~
carbon NDC1 ol NDC2 -~ - NDC5
target dipole magnet _-
(A=5%) Lo ==a_ )
I - 1 = - <\ [~ ~
] u.‘ll—..: .................... :.yn .......... ad u .....................
12Gevic | i N ~~.
beam: p, ©', T B 04T N ||
~

Use negative and positive beams wa
" Sele B

election of secondary particles (x*, ") in forward
hemisphere using the drift chambers.
No of events (pos. beam): 1,000k
No of events after cuts: 460k (p+C)
40k (++C)
No of events (neg. beam): 646k
No of events after cuts: 350k (m+C)
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Phase space region

New data sets
(p+C, n+C and n+C at
12 GeV/c)

Important phase space
region covered

Data available for model
tuning and simulations

N2 and O2 data being
processed now

5.?‘ 106;— Barton83
3 == HARPOB
= .5 =mNA49 06
o 10°
0t
\w:f
102L
10L
1L
10-1 ;_ 1 IIIIIII| 1 IIIIIII| | IIIIIII| 1 1 IIIIII| 1 IIIIIII| 11 IIIIII| | IIIIIII| |
10" 1 10 10° 10° 10* 10° 10°
Ppeam (GeVic)
[Barton83] Phys. Rev. D 27 (1983) 2580 (Fermilab)

[NA49 06] Eur. J. Phys., hep-ex/0606028

HARP

(SPS)
(PS)
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(CERN s¢

2000-05-16 ¥ Peter Gruber, CERN-FS

A possible H- linac 2 GeV, 4 MW Aocuiuglatgﬁ
rin JELal
layout of a mgl:u'pressor

o’ pl’bet'gﬁiﬁ?]%ffow op METEc

Tonization
cooling

Linac = 2 GeV

Recirculating
Linacs 2 =2 50 GeV

Decay ring — 50 GeV
= 2000 m circumflerence

To~~— o vheam to near detector

T
T

rx’ v beam to far detector

Maximize: T *,7 -
production rate
(/proton /GeV)

Primary energy

Target material
Geometry

Collection scheme

» Measure the p distribution with high precision

* Solid targets, preferably high Z
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Large Angle spectrometer:

ThC
NDC  ND pc ECAL
Solenoid | ] ]
Beam  qlI’S" o
T | e e B
BS / !
HAL-O A HALO B - L
Y Dipole
I — MagneT™— _TOr I
| target +
beam |
\"4

Forward spectrometer

035< 0<2.15rad
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PID:
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beam momenta:

3,5,8,12 GeV/c

beam particle selection and normalization same as previous analysis
events:

require trigger in ITC (cylinder around target)

TPC tracks:

>11 points and momentum measured and track originating in target
PID selection

additional selection to avoid track distortions due to ion charges in TPC:

first part of spill (30-40% typically of data kept, correction available for future)
Corrections:

Efficiency, absorption, PID, momentum and angle smearing by unfolding method
(same as pC data analysis in forward spectrometer)

Backgrounds:

secondary interactions (simulated)

low energy electrons and positrons (all from =°)

predicted from ©" and ©~ spectra (iterative) and normalized to identified e*.
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General problem: little experimental data, large uncertainties in calculations.

v

many target materials and momenta

Full PID, large solid angle

‘v

example spectra
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comparison of p-C nw/n" and p-Ta n/n" ratios
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yield (a.u.)

comparison of 7" and 7~ and yields for p-A for

Be, C, Cu, Sn, Ta and Pb
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yield (a.u.)

A-dependence of ©"and n and yields for p-A
for Be, C, Cu, Sn, Ta and Pb (3, 5, 8, 12 GeV/c)
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Summary

Results for K2K have been published.

Results for MiniBooNE are ready. These measurements are already being used
by MiniBooNE.

Tantalum results for the Neutrino Factory studies are ready (Pb coming).
Carbon data for atmospheric neutrino fluxes are available (N2, O2 coming).

More production cross-section measurements are basically finished and can be
used to understand hadron production models.

To get all data out, still a large number of data sets need day-to-day

calibrations. The detector is well understood and the analysis techniques
established.

I would like to thank the organisers for
their generous support
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backup slides
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d?¢/dpd®[mb/(GeV/c rad)]

wArbitrary normalization
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comparison with JINR 10 GeV/c data (bubble chamber),
arbltrary normalization
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with JINR 4.2 GeV/c data (bubble chamber), arbitrary
norma“Z%HQ[D p—C 7~ 5 GeV/c
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Shibata 12 GeV/c (magnetic spectrometer), 30% acceptance uncertainty,
3% p-t-p
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p-Cu

Shibata 12 GeV/c (magnetic spectrometer), 30% acceptance uncertainty,
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