Status Report of the HARP
experiment

« The HARP Experiment
— Physics goals and motivations
— Summary of the experimental programme
— Detector overview and performance
- TPC
— Calibration status
* The fist physics analysis: pion yields for K2K target
— Goals
— Results
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i{f Physics goals

Precise (~2-3% error) measurement of

d?c/dpdp,

for secondary HAdRon Production by incident p and nt*
with

— Beam momentum from 1.5 to 15 GeV/c

— Large range of target materials, from Hydrogen to
Lead

» Acceptance over large solid angle
» Final state particle identification
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Physics motivations

Input for prediction of neutrino fluxes for
the MiniBooNE and K2K experiments

i S

Pion/Kaon yield for the design of the proton g
driver and target system of Neutrino Factories —_~.7_
and SPL- based Super-Beams A

v primar\,ur flux

\KP Input for precise calculation of the atmospheric
T '-H’ - .
‘. .., heutrino flux (from yields of secondary ,K)
M Y Vﬂ chains ] . .
ev W, - = !L— UrQMD V
St S
Input for Monte Carlo generators ; ’A“; S-am
(GEANT4, e.g. for LHC or space applications) .-/ ™
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HARP took data at the CERN PS T9 beam-line in 2001-2002

Data taking summary

Total: 420 M events, ~300 settings

SOLID:
Be C Al Cu Sn Ta Pb H,0 Empty
2% 2% 2% 2% 2% 2% 2% 10%
5% 5% 5% 5% 5% 5% 5% 100% 0%
100% 100% 100% 100% 100% 100% 100%
+15, +15, +15,
+3+5+8, | +3+5+8, | +3+5+8, | +3+5+8, | +3+H+8, | +3,+4H+8, | +3,+5+8, +3,+5 +8,
+12 +15 +12 +15 +12 +15 +12,+15 +12 +15 +12 +15 +12 +15 +12,+15
-3-5-8,]-3-5-8,| -3-5-8,| -3-5-8,| -3-5-8,| -3,-5-8, ] -3,-5,-8, -3,-5,-8,
-12.-15 -12.-15 -12,-15 -12,-15 -12-15 -12 -15 -12 -15 +15+8 -12.-15
GeV/c GeV/c GeV/c GeV/c GeV/c GeV/c GeV/c GeV/c GeV/c
CRYOGENIC v EXP:
H D N O Empty K2K: Al MiniBoone: Be | LSND: H,O
voy | 21% | ssn | 7su 0% 5% 5% 10%
[ +3 1"5 +8,| +3,+5+8, | +3+5,+8, | +3,+5+8, | +3,+5+8 50? 506 100%
— A +1'2,+'15' +1'2 ,1:15r +1'2_+'1_5' +1:2 r+']_5r +1‘2 r+'15r 1007% 100%
| -3-5-8 |-3-5-8 |-3-58|-35-8 |35, Replica Replica
-12 -15 -12 -15 -12,-15 -12 -15 -12,-15 +129 GeV/c +8.9 GeV/c +1.5 GeV/c
GeV/c GeV/c GeV/c GeV/c GeV/c
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The HARP ex er'lmen’r
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Detector layout

drift chambers time-of-flight

scintillators

beam-muon
identifier

HARP

PS 214
m electron
identifier
Large Angle
spectrometer
cosmics

TPC + BRPCs in } trigger wall

solenoid magnet

th. =shold Cherenkov
dipole magnet
Forward

T9beam FTP + RPCs
spectrometer
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Beam detectors

MWPCs
TOF-A TOF-B
CKOV-A CKOV B TDS
T9 beam
— () ) [ )
21 A m

» Beam tracking with
MWPCs :

— 96% tracki

| Beam Interaction Density |

b &f bk b 5w B oo YRR

|
i
[

¥
=

MiniBooNE target
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Beam particle selection
- Beam TOF:

P 3 GeV/c beam — separate n/K/p at low
03 energy over 21m flight
i distance
f d — time resolution 170 ps after
wr | | b TDC and ADC equalization
A | | R — proton selection purity
70(;00“‘ ‘ ‘72C‘)O\0‘ ‘ 740/()0 ‘ LOOO Hm ﬂHBﬂ)HQ(HJﬂﬂM HHH‘S(Q(‘)OOH H‘ HH‘BQH(‘)OO‘ H‘ HH%??&&JOESEE)OO >98_7%
o — Combined time resolution
12.9 GeV/c beam ° for time definition: 70 ps
10? F Tc
- Beam Cherenkov (two counters):
| — |dentify electrons at low energy, & at
| high energy, K above 12 GeV
s e e e — ~100% eff. in e-n tagging
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Large angle detectors

TPC

Full track reconstruction available
Calibration campaign with TPC in T9 area in 2003

Calibration with sources
Calibration with cosmic rays

Systematic study of corrections
Basic calibrations revisited (time, charge, position)
Cross-talk correction
Distortion correction

Ready for physics analysis
RPCs

Results later
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Track reconstruction

Clus'rer'mg

Distortion
Correction

Trock fidng Bamer =
'




Track reconstruction

Clus'rer'mg

Distortion
Correction




Track reconstruction

Clus'rer'mg

Distortion
Correction




Track reconstruction

Clus'rer'mg

Distortion
Correction




Track reconstruction

Cluster‘mg

Distortion
Correction




Track reconstruction

Cluster‘mg

Distortion
Correction
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TPC re-installed in
T9 Area

Cosmic data taking
during 2003:
Trigger (scintillator

of 2 cm thickness)
inside inner field cage:
-345 mm < z < 255 mm

SPSC 6 July 2004

High statistic cosmic ray calibration and calibration
with %Fe and 83Kr sources

Trigger scintillator

Mapping of gain
Mapping of dead pads
First dE/dx evaluation

Evaluation of the performance of correction for cross-
talk effect and distortions
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Charge calibration data with sources

>Fe 83Kp
E=3.0keV59keV E = 32.2 kev 41.6 kev
5 w0 —22keV s ——AekeV
% s - (b) % 0 - ©
S 700 S )
- 40
600 [ 32.2 keV
500 E 30 |
400 [ x i
300 [ 20 I
200 i
10 —
100 )
0 — A1 0 _I | | | 1 | | | | | I_‘—LI'\ | 11
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X-ray energy (adc counts) X-ray energy (adc counts)
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Momentum and dE/dx response

Compare single arm with
full track

. _Ap; = abs(p; +p,)
$ P+ ‘[2( P '|'O'|')
P o< charge 1/p;

Ap/p = (0.56£0.04) p, + (0.08+£0.014)
X =0.62

o | | | | | | | |

0 Q.1 o2 a3 o4 0.5 o6 a7
P (Gev/c)
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cross-talk model: previous report
Simulation: implemented 3Q 2003
Correction: implemented 4Q 2003

cross-talk model

capacitive couplings

+
preamplifier transfer functions
L . AT
' — data gk _“._W
JE 1 " model 5. ' 5
. loscilloscope . DAQ
residuals
Introduced in MC = | rms~3mm
-
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TPC-Cross talk

Preamplifiers
»
i~
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Channel P .
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simulation exists
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Channel o o X(
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w

cross-talk measurements
Individual pulse injection in all pads

* 50% of pads affected by x-talk
 x-talk only relates neighbouring pads

capacitive couplings # daughters

0 ] 3 0 B
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T - 120



.-'
2

Cross-talk correction

“First use pads with no mother pad with signal
Calculate cross-talk signals due to these pads

Subtract these from daughter pad signals
Now the daughter pad signals are known
Repeat until all signals corrected

Most important: use measured transfer functions for electronics

Need first to smoothen the measured pulse (spline fit):

=]
T

A
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w B OB OB M OE KR

$y True < ADC i f spline:
'} shape 1" : ;

/ - (.,

g T - o L Py o A
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Cross-talk correction
LOSS OF INFORMATION:

In Out oy -
A Only record positive signals!
. A
No problem: negative swing
| smaller than signal
i S S — W B S S

Em _ ——
S5 R i Small area with overall pulse-
il i height negative: can be
vt 7 recovered with spline fit
1Y
- L9
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Cross-talk correction

Difficult cases

: ; : : %4 1 Large part negative:
=t 1 = U 1 minimisation procedure
=t o T L 1 recovers part of signal

Elﬂl;— T T T _E Em
: 3 L ] w0 E
Wk _::-"""-2:;:._ I i Most of signal lost: no recovery
A g { 10% of pads
o ;E—-"'""Q_':""-"“‘--n": : o =t
ﬂE '-.v: _E -0 .... :
i [ w
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Improved position measurement
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Entries

Most important improvement
when the knowledge how
points are affected by
cross-talk is used as

weight in the fit
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400

300
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100

/  Momentum resolution (cross-talk correction)

(MC study)

—weighted points

bhefore cross—talk

ptot / GeVi/c )
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Elastic scattering

Measure elastic cross-section
To normalise the data (elastic cross section is well known)
To evaluate the acceptance + efficiency in TPC
To check momentum scale
Calibration tool for merging forward and large angle analysis

Missing mass:

2 = - 2
m,~ = ( Ppeam T ptarget pTPC)

Target: liquid H,
(cryogenic target)
Target length: 18 cm 1GeV/c
Beam of p and &t of 3 GeV/c

<
<«

SéeV/ C
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D 32 -
Entries 7351 295 [
Maan 1.503
RMS 0.66680

Red: using
dE/dx for PID

150 |

i 125 |
100

100 f
75 F
75 f
50 i

L bU -

25

a
-0.5 O 0.5 1 1.5 Z it 3 3.4

M, p—Beom pin TPC

missing mass forp p—ppandnp > 7np
Select p and  in the beam by ToF
BLUE: Simple selection
Only 1 pos. track in the TPC coming from the target
RED: Additional cut on dE/dx in TPC (select proton)
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Forward spectrometer

Analysis for pion yields in K2K
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Analysis for K2K: motivations

near/far ratio R For point-like source (without oscillation), R~1/r2
If the near detector does not see a point-like source -> R depends on E,

Horn M T
i —

Tar
D > Vu
12GeV proton +
L

Event rate & spectrum @ KEK Ev?{ torate & Spectrum @ SK
x10p

» | 3t
% | Far/Negrspettramagtio # 1 -, ; wlo oscillatioh
z L § F
3 ¥+ =
E ] . E 4:'7-- . )
:E; 4 meas I'Ed by ND 1 _\’LLLLL‘ .................................................................... e , w/ oscillation

T - >1GeV —
0 0 1 2 3 4 b
Confirmed by PIM Ev (GeV)

1 2 3 4
NMeutrino Energy (GeV¥

Momentum/Angular spectrum of 1 — Neutrino Energy Spectrum
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Forward acceptance

+— | | | | ‘
= i |
drift chambers time-of-flight 3 i 1
N _~ scintillators Q o8 I
[l ~ . U %
HARP / " o 8"
/o " identifier
PS 214 FA |
foo 0.6
\ J/
m  electron I
identifier ,
e 04 |y P\ 2 P(
. : interest
] cosmics I
—srggngig Fr)ncésghnet}- . . trigger wall 0.2 i
‘\\\ L ~ e
threshold Cherenkov L 6){ E [_200, AZO()] M’ll"adb
A

=

N PO agnet S R S S R N S ——
FIP + RPCs o GeV/c
. NDC2 I

s ’

acceptance

> T
gt T
: ~ ~" “+
04 K2K interest
o+
A particle is accepted if it reaches the | - P>1GeV 1
second module of the drift chambers T T
0 mrad
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Forward tracking

NDC4

NDC1  dipole magnet NDC2 NDC5

z N T ETEE ]
- ESAE R S SENUN
target o[RS T 4@ © —
EgeessZIIII I T R S T
beam (o) DG
) el
PIanesegm‘e{ B \
« 3 track types depending upstream information et
1. Track-Track

2. Track-Plane segment

3. Track-Target/vertex Downstream
- recover efficiency and avoid dependencies on track density in [ R
1st NDC module (model dependence) efficiency

~99%

« Calculate efficiency separating downstream system first:

Up-downstream

track down up—down matching

E =& - E

efficiency
~75%
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Tracking efficiency ‘ + ‘

+ Computed with DATA and MC

- DATA: detector inefficiencies and finite resolution [ .. =
- MC: Geometrical effects Blue: type 2
* Known now to ~5% Red: type 3

Black: sum of normalized
efficiency for each type
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Particle identification

time of flight

L scintillators

Bam. mis
w0 wanlihar

CERENKOV

P o
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8 %
=350 Lo [
8 | TOF : | _
300 - 81200 il p
* + ]
250 - 1000 . . . — ,
7 TC 7 TC inefficiency =27
200 - s / Gao | _
150 - 600 | Tc + 150 1
100 + p 400 || e + 10 7
I 504"
i M’ﬁmmmm<m B 7
L 0 P
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E/ p 1.

number of photoelectrons T 02
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Combined PID correction factor

The yield of each type of track must be corrected by pion efficiency and purity:
computed using beam particles (clean particle selection from beam detectors)

-
a

=
"

— [

— [

n efficiency

=

pio

Pion efficiency:
ejn-(t) = Njn-true-obs / Njn-true

SPSC 6 July 2004

Einn purity

1.5 GeV

3 GeV
(L

5 GeV

Pion purity:
njn-(t) = Njn-true-obs / Njn—obs

Pion yield:

Njn-true-obs = Njn—obs - ijkg
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Raw data

After PID

correction

SPSC 6 July 2004
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Jiop yield

=]
(]
=1
1

Pion yields
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p>0.2GeV/c
6, | <50 mrad
25 <10,] <200 mrad

%0.45 +

= 04

e After efficienc

= and

'E o acceptance
0.25 correction

0.05

0 1 2 3 4 5 6 7 8 9 10
momentum (GeV/c)
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Preliminary results

To do:

Correction for resolutions
Absolute normalisation
Empty target subtraction

" 0=0 region, full statistics

\..-:%00 il _
D B B B =
175
l:' B B = O ;
10
Bl E B s =& o=
100 | o )
s |:| ’7 L i B E B = o
‘ ‘ l: | \ B B B »m ® =
50 —— i
O [IDomeE @ e«
25 i =3 .
o | DD oo
T T T T

momentum (GeV/c)
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Summary

 The HARP Experiment has collected data for hadron production
measurements with a wide range of beam energies and targets

« Status of detector
— Forward region: good tracking and PID
— Large angle: much recent progress

* First physics results are available: K2K target replica
— Using forward region of the detector

* Next: MiniBooNE analysis and first large angle analysis
« TPC calibration nearly complete, physics can start now

HARP needs more support to finish its physics programme
From CERN and national funding agencies

Measurements that will be provided by HARP in the near future are
important for neutrino physics
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