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Introduction

.TheForwardNeutronCalorimeters(FNC)havebeeninstalledbybothH1andZEUS

experimentsin1995-1996

.Thepurposeistomeasuretheenergyandanglesoffastneutronsfromreaction

ep→enX

.AthighEntheproductionmechanismispredominantlythepionexchange
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.ManyinterestingmeasurmentscanbedoneusingtheFNC,e.g.

measurementsofpionstructurefunctionsandtotalpion-photoncrosssections,jetand

heavyflavourproduction,studyingthecorrelationsbetweenthehadronsproduceat

centralrapiditiesandtheneutrons,...
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•FirstestimateforF
π
2inlowxregionintheDISatHERA

H1Collab.,Eur.Phys.J.C6(1999)587;ZEUSCollab.,Nucl.Phys.B637(2002)3;

•Datashowsensitivitytotheparametrizationsofthepionstructurefunction(constrained

forx
>
∼0.1fromthefixedtargetexperiments).
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GRV-π LO

OW-π Set 1

SMRS-π Set 2

ABFKW-π Set 1

2/3 GRV-Proton LO

β=
x

1−z
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•MeasurementofD
∗
−mesonsineventswithleadingneutrons

ZEUSCollab.,DESY-03-221
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•  ZEUS  1998-2000 

xL > 0.2, θn < 0.8 mrad

Wrong-charge background

N(D
*
 → Kππs) = 298±31
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•  ZEUS  1998-2000 
xL > 0.2, θn < 0.8 mrad

xL=En/Ep
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Designspecifications

H1

FPS

y

B77B72B67Q51,55,58B47Q42Q30,34,38B26B18,22Q6-15

S2 S3 S4 S5 S6  S1

ZEUS

FNC

LPS

proton

ThesizeandweightofthecalorimeterisdefinedbythespaceavailableinHERAtunnel:

•Position-105mfromtheinteractionpoint

•Size(x-y-z)∼70×70×200cm
3

•Weight
<
∼10t

•Geometricalacceptanceislimitedbybeam-line

elements:
<
∼0.8mrad.

•Shouldworkinhighradiationenvironmenet
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TheGeneralviewofZEUS-FNCdetector

–S.Bhadraetal.,NIMA394(1997)121

–samplingcalorimeter,e/h∼0.96

–134layers1.25cmPband0.26cmscintillator,

readoutbyWLSfrombothsides,

–frontsection(7λ)-14towers,rearsection3λ,

–e/hseparationusingtransversewidthofshower

–σE/E=0.65%/
√

E[GeV]

–ForwardNeutronTracker(since1998)

17×15X-Ystrips,1.2cmeach,

installed1λinsidethecalorimeter

positionresolution0.23cm
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TheGeneralviewofH1-FNCdetector
HERA-1(1996-2000)HERA-2(2002-...)

Lead Fibre Matrix

Impact Direction

Hodoscope Planes

Support Structure

Calorimeter Body

PM Array

Beam Pipe

–Spaghetticalorimeter

–75modules(1141fibersineach)

–previouslywasusedinWA89experiment

–σE/E∼20%athighE,

–σXY=5.13/
√

E[GeV]⊕0.22cm

–In1998wasupgradedby‘Preshower’

–H1Collab.,Eur.Phys.J.C6(1999)587.
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PRESHOWER λ)
60

cm

30

60

cm

cm

200 cm (8.9 

BEAM PIPE

4 SECTIONS

λ )

(1.6 

32 channels

25 ACTIVE PLANES 6.4 mm
{

25 LEAD PLATES  14 mm

with 3 mm scintillators

–Preshower+4Sections
–eachSectionconsistsof8Towers
–eachToweris25Scintillatortiles
–www-h1.desy.de/h1/www/h1det/calo/fnc/psfiles

/fncnote2002.ps.gz
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ActiveBoard–layoutofscintillatorsandfibers

1

600

600

y

x

2

345

678

–Scintillator(Kuraray,SCSN-81)

–WLS(Y11-200M,1mm)

–Transparentfiber(PSM,1mm)
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StructureofH1-FNC
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•26×26×38.6cm
3

(1.6λ)

•12X-layers,12Y-layers,eachlayerhas

9X(Y)strips
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Preshower(H1-FNC)

        

Lead absorber

Photomultipliers

20406080100

20

40

60

80

100

total spectrum
clusters in Preshower and FNC-SpaCal
clusters only in Preshower

���������	

•∼40%energyofhadronicshowerisdepositedinPreshower

•improvestheenergyandpositionresolutions(betterthan3mm)

andallowsseparationofe/mfromhadronicshowers
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H1-FNC
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Readout

•Lightsignalsfrom4×8towersand2×9stripsarefedinto50

PhilipsXP2282/B8-stagephotomultiplyers.

•SignalsfromADCsarereadoutbyCDAQandbylocalslowcontrolcomputer

•SignalsaredigitizedbySIS3300ADCs(8channels,100Mhz,12bit).

•HVsupply-LeCroy1440HVsystem
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CalibrationandMonitoring

.InitialcalibrationwasdoneinJuni-July2000atCERNSPSbeams(H4andH6)with

120-350GeVhadronsand120-225GeVelectrons.
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TheH1-FNCenergyresponse

June-July2000–CERNhadronbeamtestsatSPS(H4andH6beams)

Ebeam=120-350GeV

120 GeV
150 GeV

180 GeV
200 GeV

300 GeV
350 GeV

arb.units

0

5

10

15

20

25

30

100150200250300350
Ebeam

arb.
un.

GeV

hadrons

electrons
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TheH1-FNCenergyresolution

GeV

hadrons

fromCERNtest-beammeasurements

(Ehadron=120−350GeV)

σE

E
=

63.4±4.7
√

E[GeV]
⊕(3.0±0.4)%

(Monte-Carloestimatewas∼50%).

Theresultsfortheelectrons

(Ebeam=120−225GeV)are

σE

E
=

30%
√

E[GeV]
⊕2%
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CalibrationandMonitoring

.InitialcalibrationwasdoneinJuni-July2000atCERNSPSbeams(H4andH6)with

120-350GeVhadronsand120-225GeVelectrons.

.ThegainvariationofPMsandthelightyieldofthescintillatorsandWLSismonitored

onlinebytwoindependentblueLEDsystems:

1LightpulsesaretransferredtoallPMTsat0.5Hz

2LightpulsesfromLEDsareinjectedinto20%ofallscintillatorsat0.5Hz

3LEDstabilityismonitoredbycomparingsignalsfromLEDandfromtheradioactive

source

.Changingingainduringdatatakingaremonitoredusingenergydepositsfrominteraction

ofprotonbeamwithresidualgasinthebeampipe.Theabsoluteenergyscaleisdefined

bycomparingthepeakpositionandthehighenergypartofenergydistributionwith

theexpectationfrompionexchange.
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PerformanceandLinearitytestwithHERAprotonbeam

•Rateandperformancearesensitivetothebeamconditions

•FNCacceptanceisverysensitivetothesmallinclanationsofthebeams(beamtilt).

–TypesetbyFoilTEX–17



Summary

•TheForwardNeutronCalorimetersarevaluableadditionstobothHERAexperiments.

Theyprovidedandwillprovideinthefuturemanyuseful,interestinganduniquedata

forphysicsanalysis.

•Thetechniquechosenforconstructionofneutroncalorimeters,designparametersand

performancesatisfyallrequirementsdefinedbyphysicsprogram.
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Horizontalscanofscintillatorwith25mmstep

Comparisonofradioactivesourcescan(blackcircle)andMonte-Carlosimulation(open

sircle)
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Scintillators

1

3Transparent Fiber (PSM, 1 mm)

2
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Scintillator (SCSN-81) 

WLS (Y11-200M, 1 mm)
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H1-FNCDAQscheme

To Branch 10

FNC-DAQ scheme

Workstation
Slow Control

FASTBUS

CAMAC
 data

P
S
D

V M E
(SIS3300, 12-bit, 8 Chan.)

F A D C

 Trigger GPTPHV, 

temperature,

reference LED

FNC
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