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Outline

* Motivations

e Historical overview
* Recent and present measurements
e Possible future extensions



Outline

Experiment Proton E Some H.P. exp | ref

Ps169, Ps180, Ps181 ~20GeV Allaby et al. CERN 70-12
Eichten et al. N.P. B44 (1972)

CDHS, CHARM, ~400GeV NA20 (Atherton) CERN 80-07

BEBC

CHORUS, NOMAD, | ~400GeV NA56/SPY SPSC 96-01

CNGS

K2K, MiniBooNE 12.9 GeV, 8GeV HARP

NuFact/SuperBeam ~2GeV HARP

designs

Atm. Neutrinos >10GeV HARP/NA49

MINOS

120GeV

Future?




why hadron production

e Neutrino sources from hadron interactions
— From accelerators
— From cosmic rays

* Energy, composition, geometry of the beam is
determined by the development of the hadron
interaction and cascade.

- And by target/collection optics, but this we c
easily

* In neutrino oscillation experiments
of{ the experiment =» no credibl
reliable understanding of the

* Design parameters of futu
influenced by target/e




One example
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Figure 5: The predictions for the ratio of the far neutrino flux to the near neutrino flux
using the same four models as Figure 4.




Atmospheric neutrino fluxes

primary flux

* Primary flux is now

considered to be kno
better than 10%

comes fro



Discrepancies between hadroni
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Example of future projects

Primary energy, target material and geometry, collection scheme
* maximizing the n*, m~ production rate /proton /GeV

» knowing with high precision (<5%) the P distribution

CERN scenario: 2.2 GeV/c proton linac.

Phase rotation y A possible
. . % layout of a
* longitudinally freeze neutrino factoy

the beam: slow down
earlier particles,
accelerate later ones ’
* need good knowledge
also of P distribution
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Historical overview

* Mostly based on measurement of particle
yields along beam lines

* Experiments done making (smart) use of
existing facilities
- No experiments built on-purpose
* Low (~20GeV/c) and high (~4
primary proton momenta,
region (<150mrad)

* Low statistics and/
points



Low-energy

* J. Allaby et al., CERN-70-12

- p-nuclei (B4C, Be, Al, Cu, Pb) and p-p collisions
at 19.2 GeV/c

- Single arm spectrometer

* G. Eichten et al., Nucl. Phys. B44(197

- p, K production in p-nuclei collisio
Cu, Pb targets) at 24 GeV/c

- single arm magnetic CERN-
e All datasets useful, but

statistics and high s
sections)
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Abstract: Particle production by 24 GeV/c protons from Be, B4C, Al, Cu and Pb has been

measured. Pion, kaon, proton and antiproton production spectra measured over a range
of angles from 17 to 127 mrad and momenta from 4 to 18 GeV/r are given in a table.
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* Motivations and scope

The aim of the present experiment was to measure pion and kaon production in

proton-nucleus collisions at 24 GeV /e priman romentum, The measure-

ents-caner the secondary momentum range 4—18 GeV/e gnd the angular range
on of the neutrino spectrum

@ hese data are essential for the estT

for The present CERN neutrino experiment.

* Experiment’s uncertainties
The statistical errors were nearly always negligible compared to the systemam

3 mfemll scale error arlsmg tmm the uncertamtms in the speu:

15 estimated to be 15% [4]. The systematic errors of indjvi

points are determined by the 1rrflﬁﬁu_ciﬁi1f}r ol a given spectrometer (setting
(about 5%) and by ik - 2gin the corrections apphed (2--5% dependmg
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The total measurement error is dominated by the following three systematic errors:
i) SEM c¢alibration, see Section 3.2.1 = 5%
i1] errors in hean optics, see Section 3.1.4 = 4%

iii} collimator opening unmcertainty = 1-4%.

A1l other corrections are of the order of or less than 1%.

e Overall g




SPS: NA56/SPY

* Most likely the most advanced study done
with instrumented beam line experiments

* Dedicated to WANF (CHORUS/NOMAD)
(and CNGS) experiments

* To address discrepancies beam spectru

shape and composition as measured i
CHORUS/NOMAD compared to
predictions.

* 450GeV/c incident proton
secondaries (overlap wi

* Exploits TOF / Ch




SPY target region
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Present

* Aim at event-by-event experiments, not particle-by-
particle

* Modern design
- Open-geometry spectrometers

- Full solid angle and P.Id.

- Design inherited from Heavy lons experime
(multiplicity, correlations, pion interfero

* Full momentum acceptance, scan
momenta (not only on momen

* High event rate

- Heavy 1ons experiment
density per event, n
events




BNL E910

however

E910

EQS - pA (Gravity View)

main goal: Strangeness
production in p-A collision
(comparison with A-A
collisions)

Some data overlap with our Megnet
needs

6,12,18 GeV /c beam proton
momenta

Beawn —t—= -| ESH IFC

Be, Cu, Au targets

low statistics in general
(this is common in heavy-
ions experiments), very lo

at 6GeV/c
no thick targets

no backward acc
(target outsi



HARP

* [naugurates a new era in Hadron Production
for Neutrino Physics:

* Based on a design born for Heavy lons
physics studies
— Full acceptance with P.Id.
- High event rate capability (3KHz o
* Built on purpose

* Collaboration includes m
Oscillation experimen




HARP motivations

* Input to neutrino factory designs
- Low-energy beam
- Many target samples (material and length)
* Atmospheric neutrinos
- Cryogenic targets
* Measurement of experimental t
— Collaboration with K2K and Mi

* Calibration of hadron pr
generators

- Explicit collaborati




HARP’s goals

secondary hadron yields
— for different beam momenta
- as a function of momentum and angle of daughter particles
- for different daughter particles

as close as possible to full acceptance

the aim is to provide measurements with about 2% overall precisi

- efficiencies must be kept under control, down to the leve
- primarily trough the use of redundancy from one detector

thin, thick and cryogenic targets

T9 secondary beam line on the CERN PS allows a

range

O(10°) events per setting

* a setting is defined by a combinatio
energy and polarity

- Fast readout
* aim at "10° events/PS spi
e corresponds to some
* = very demandi
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Experimental area & detector layout

electron
identifier

Drift chamber

stations
Forward
Trigger
Plane muon
identifier

“Time Of Flight

"~ . . ""‘Oasf;Eal
/dlpole magne cerenkov

target, Inner Trigger Cylinder, TPC and RPC
in a solenoid magnet




Acceptances

7.8
pperp (Gev/e) a0k

TPC



* Acceptance:
+ vs. P; box

plot for pions
produced in
15GeV/c
interactions
of protons on
thin Be target

* redundancy
in overlap
regions
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Data taking

* Programme completed successfully

* Despite the non optimal beam
conditions the DAQ system showed

—. 350

300

Cumulative events

100

high performance

30 TB of data

Harp data taking: Collected Triggers

420 million
events
- 2002 2001 |

125 150 175 200 225 250 275 300

Cai;ender day

Target Target length Dot} #events
material (.%) ROMEPRITEL. frfillions)
(GeV)
Be
C ) 3
+5
2001
: Al @og) 8
i Cu +12 233.16
targets 5
Sn 15
Ta :
100 Negative only
Pb 2% and 5%
K2K Al +12.9 1155247
5, 50, 100, replica
B Be +89 2256
Cu
it Ry Cu LAk 171
Cu “skew” Cu 2 LY 1.69
N, 13
5315)
C i 0
LBl - 6 cm £8 58.43
argets DA =5
+15

3, 48, +14.5

+1.5, +8(10%)




¢ A high-statistics calibration with cosmic rays and
radioactive sources (Fe55 and Kr) has been made in
2003.

eUsing these data it has been possible to

eMake a first evaluation and correction of the X-
talk

eCompute the gain curves and map the dea
regions

eGet a 30% improvement of the momentum
resolution

eMake a first trial of a dE/dx measurement

eAs a first check of the improvements, data taken with a e —

cryogenic H, target and 3GeV/c pions and protons is
being analyzed, looking for the elastic scattering:

p,(T) p -> p,(T) P ’

@~

£ Fe (59 Ke
by .
e ‘
Results Fe Data

10080

bedach_|
o
™
m,

DZ7ICeTE [DATaE 04 |
a.00 |

Momentum resolution us a
function of momentum on
cosmic rays events.

The resolution is evaluated
comparing the parameters of
the fit of the two arms of a
cosmic track with the global
fit of all the points.

Missing mass in a pion-

proton interaction in which
only the proton of the final
state particles is measured.

- | dE/dx in cosmic rays
96 | evenls, The energy loss is

| mean discarding the three
| most and the three less
| energetic samples.

evaluated with a truncated
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HARP
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First distributions from HARP

integrated over 0 integrated over P
. i |
-1~ identified pions ~t  identified pions
e e |
S | 5
g —r g
E I —— Q
@® = @®©
=+= ———
Mis———=ua =

proton background for Tof
3 MC hadron generators

IMPORTANT
This background
can be computed

with the data



Prospects on physics analysis

Forward and beam detectors are beluaiainpE
already functional for analysis: X0 xIG

~ Calibrated and aligned oo D | ook

- High P.Id. performance wk F m:

- Efficient track reconstruction L =T sewof-

- Monte Carlo available 2 /:: ': ok

-_§ 0 I l 2I - 3 0:

We have selected strong physics ‘=§ xig £ (GeV)
cases within our reach and of our B
immediate interest

The forward analysis is of
immediate interest to the
and MiniBooNE experi

NI I I P B
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Relevance of HARP for K2K neutrino beam

One of the largest K2K systematic errors

the uncertainty of the far/near ratio

comes from

To be measured
by HARP
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¥ Pion monitor

Beam MC
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Y
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pions producing neutrinos
in the oscillation peak

2035 0.5<E,6 <0.75GeV

Kok el Ger



HARP/NA49

* particle ID in the TPC is augmented by TOFs

* leading particles are identified as p or n by a calorimeter in con
with tracking chambers

* rate somehow limited (optimized for VERY high multi
- order 10° event per week is achievable

* NA49 is located on the H2 fixed-target statio

- secondary beams of identified n, K, p; 40 to !

Relevant for atmospheric neutrinos ar
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E907 @ FNAL

Ero\?osed on the FNAL main injector, secondary beams of «, K, p; 5 to 120
eV/c

In addition to tests of scaling lows in high-energy particle production,
nuclear and heavy-ions ﬁhysics, E907 is relevant for atmospheric
neutrinos, NuMI beam, higher-energy proton drivers for v-factori

As in all modern hadron production experiments, it is an ope
spectrometer.

TPC + spectrometer, complemented with TOFs and rin
Cerenkov

aiming at the same precision level as HARP: 2%

Planning for data points with statistics of 3 -1
would take about 6 days.

Vinree ol [Flig Nl
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Conclusions

* Hadron production for Neutrino Experiments is a
well established field since the “80s

* Present trends

- Full-acceptance, low systematic errors
- High statistics

— Search for smaller and smaller effects =
of actual neutrino beam targets to re
extrapolation to the minimum

— Direct interest of neutrino ex
production

* If the beam is (part
the beam is an u



