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Abstract

Possiblehadronidentificationin a beamformedby a bentsinglecrystalis shown,based

on the synchrotronpart of the radiationspectrumof channelingparticles. Identification

efficiency and beam intensity are estimatedfor UNK.
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At higherenergies,traditionalmethodsof measuringthe fast chargedparticle7-factor

e.g., Cherenkovcountersare not effective, so alternativemethodsareof great interest.

Kumakhov1 hasproposedthe useof channelingradiation for identification of electrons

and positrons. This method,however,is not effectivefor heavierparticles. In the present

paperwe will showthepossibility of using thesynchrotronpart of the radiationspectrum

of particles,channelingin a bentsinglecrystal,for their identification.

In the radiationspectrumof particles,channelingin a bentsingle crystal,a soft syn

chrotronpart appears,2which leads to a significant increasein the number of photons

emitted per unit length. This can be illustrated in harmonicapproximation,comparing

the characteristicsof the soft synchrotronradiation andthe hardchannelingradiation

partsof spectrum.Radiationintensity is definedby the meansquareof theradiusof the

chargedparticletrajectorycurvature.The poweremittedper unit length4 is shownby

I = e#y
_. 1
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For particleschannelingin a bent singlecrystal,
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where 14,3 is the transversevelocity averagedover a period due to bend, 11s,c is the
transversevelocity of the channelingparticlerelativeto planes,dot meansderivativewith
respectto time. Due to the independenceof V,3 andV, the meansquareof Eq. 2 is
equalto
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where B is the bendingradius. For planarchannelingand harmonicpotentialwe have
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wherec = EZ/EX,C is thetransverseenergynormalizedto the critical one, 9 is the chan
neling critical angle,andx is the critical transversecoordinate. Introducing p = RT/R



.RT beingthe Tsyganovradius,we can rewrite Eq. 1 as:

I=24%p2+1. 5

Thee valuecouldbe 0 to 1-p2. So, for a largebend, fl 3Rç,thesynchrotronradiation

intensity is comparableto andevenexceedsthe channelingradiationintensity: ‘SR

Characteristicfrequenciesof thesepartsof spectrumarevery different:1’4
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where in is the particle’s mass. For hadronsup to 20TeV in any crystal, wcj is many

timesgreaterthan CJSR.

Considernow the possibleuseof a particle’s radiation for its identification. It was

shownby Taratinand Vorobiev3 that thespectrumat w WsR in the consideredproblem

could be describedby the synchrotronspectrunt4

3 3.
ISRW = iSRfY, =

9,4 7 7
fy = 1-yj K513xdx.

The numberof emittedphotonsper unit length is definedpractically by this part of the

spectrum:
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The energy-to-radiusratio is limited in a bent crystal; for planarchannelingthe vaiue

variesfrom 1 GeV/cm in silicon typical workingvalueto 50 GeV/cmin tungstenlimit.

Onephotonemissionlength:

9

for pions in silicon, germanium,and tungstenat the critical bend, L1 = 2.2cm, 1.1 cm.,

and0.27 cm, respectively.For axial channeling,thesenumbersareone orderof magnitude

less. Actually, the bendingradius should be a few times larger than the critical one.

Dechannelinglength at TeV energiesamountsto tens of centimeters,so one can have

a few tens of photonsper eachchannelingparticle. In other words, the particle emits

7/95 photonsoverone radiandeflection.
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This could be comparedwith the Tiansition RadiationDetector, where the typical

lengthof onephotonemissionamountsto 5-10cm.7 Emissionprobability therehasthresh

old dependenceon the 7-factor. Photonenergyis proportionalto the 7-factorandhasthe

sameorder for TeV beamsashwSR,about 100keV.

Synchrotronphotonenergystrongly dependson particlemass:

3 2
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becauseE/R const. At high energies,radiationenergylossbecomescomparablewith

ionization loss-lU TeV pion during planarchannelingcould lose due to radiationup to

1 MeV/cm in silicon and up to 60MeV/cm in tungsten. So one method of particle iden

tification could be the measurementof channelingparticleenergyloss in the crystal and

calculationof the increasedEJdz ‘-‘ 1/rn4 due to radiation, if all photonsare absorbed.

The existing technique allows one to measurethe dE/dz of channelingparticle with

lOkeV accuracyfor 1 GeV protons; the Landaudistribution of ionization losswidth is

about20%. The minimal energywhenthis increasecouldbeseenis about3 TeV for muons

and5 TeV for piousin germaniumfor planarchanneling,andaboutoneorderless for axial

channeling.

More obviousmethodsof particle identificationare 1 emittedphotonsnumbermea

surementi-s 1/rn, 2 photon energiesmeasurementr. 1/rn3, and 3 useof different

absorptionlengthsof photonswith different energies.

Takinginto accountsynchrotronquantaabsorptionin a crystaland background,two

schemesfor UNK hadronbeamtaggingcouldbe proposed.

In the simplerone Figure la, synchrotronphotonsarespatiallyextractedfrom back

groundparticlesdue to high directivity of radiation and from a hadronbeamdue to
crystalbend. A channelinghadronemits photonsin a narrowangularconeof order 1/7;

in the benddirectionphotonsaredistributedin ananglefrom 00 to thecrystalbendangle.

If the crystal length is not largerthan the photons’meanfree path in the crystal,pho

tons comeout in approximatelyone directionbetweenthe undeflectedhadronbeamand

the deflectedone; this "photon beam"could be usedfor a fast trigger. The background,

mainly of 8-electrons,is roughly isotropic in angleand doesnot affect taggingefficiency.

Let us roughly estimatethe taggedbeam intensity and tagging efficiency with the
exampleof the 1.5TeV positive secondarybeam in channel 113 of the UNK project.11

Usingstrongly bent tungstencrystalchannel110 with pv/R = 30 GeV/cm, the energy
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hwsg of emitted quantais about 1 MeV; the meanfree pathof thesequantain tungsten
is about 1 cm. One photon emissionlength L1 = 4 mm for pions. So, one could get
an averageof 2 photonsper pion; photonswill be distributed in the bend direction 0
to 20 mrad, in transversedirection ±0.1rnrad. Photonsemitted by heavierparticlesare
absorbedin crystal. For secondarybeamintensity6 x 1010 hadrons/1014 protonsper cycle

andemittance0.4irrnradmm,1mm thicknessof crystalgives 7 x 1o/s for taggedbeam

intensity.

Becausethe dechannelinglength is very large at theseenergies120cm in straight

W110 channelfor 2 TeV positivebeam,andbecauseshortabout 1 cm crystalis needed,

the sameschemecould be usedfor negativebeamtagging. The UNK beamintensity at

2-2.5TeV and the sametagging efficiency will be 1-2 ordersless than the previous

estimate.

Taggingefficiency is not large,so we considera secondscheme-usinglong crystals,

limited by dechannelingFigure ib. Let us take a 20-cm Ge111crystal with pv/R =

6GeV/cm; along this length a pion emits an averageof 9 photons; a kaon, 2.6; and a

proton, 1.4. For photonswith hw 150 keV energy,the meanfreepath in germaniumis

equalto 9mm. This photonscatteringis mainly Compton,with anglesof theorderof 1 rad.

The photon exit probability is defined by the crystal transversedimensioncomparedto

the meanfree path. Sowe shouldexpectmost photonsemittedby pionsto exit the crystal

if the thicknessis of the order of 1 mm. Thephotonsemittedby heavyparticlesK and

p havea meanfree path of about io cm in this caseand are absorbedin the crystal.

-h
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Figure 1. TaggingSchemes: h-UndeflectedBeam,h’-Tagged Beam, 7-Photons.

Detectorcountrateis limited a few MHz, typically, andpart of the beam,captured

into channeling,is small. So it will be better to form at first by a short crystal a beam

with 9 divergenceand 2 x 106/s intensity, deflectingit by about 1 mradonto the second

crystal, equippedwith a photondetector. The requiredthicknessof the crystal is about

1.5-2mm. About half of the deflectedbeamis capturedin the secondcrystal. So, tagged

beamintensity will be about 10/s. "Snake" bendis possibleto form a taggedbeamin

any requireddirection.
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The backgroundcreatedby channelingparticlesconsistsmainly of 6-electrons.Their

numberper unit length is

dIV
= 0.35

MeV 1
11

dz cm Tmin

where is the S-electronminimal energy. The ratio of 6-electronsto synchrotron

quantafor pion amountsto 6/7 0.8 MeV/Tmjn. Due to absorption,only 6-electrons

with energyTj 1 MeV could exit the crystal. That gives 6/7 1. This background

could be removedby 1 spectradifference: E5 1 MeV, E7 0.3 MeV; 2 useof field

1 Tesla to remove electronswith E5 100 MeV, which gives 6/7 102; and 3 use

of strongerabsorptionof electronswith E c 10 MeV to get S/’y 0.1. The energyof

most S-electronsis muchless thanthe critical one about 20 MeV in germanium,sotheir

bremsstrahlungcould be neglectedhere.

Many of thesenumbersare rather rough estimates;accuratecomputer simulation,

taking into account all radiationspectrumand its interactionwith crystaland detector,

could significantly changethem.

Efficiencyof the consideredmethodof particle identificationincreaseswith energyin

dease,becausethenumberof emittedphotonsis proportionalto theenergy,anddetecting

efficiency increasesdueto thephotons’higherenergy. Someproposaisfor bentcrystaluse

in particlephysicscould be accompaniedby radiationdetection.

For example,in a proposed8schemeof secondaryparticleextractionfrom the intersec
tion region of the SuperconductingSuperCollider SSC one should deflect by 4.1 mrad
hadronswith 10-15TeV energy. Underthis deflection, a pion emits 3-5 photons,which

can be usedfor identification. Another project often discussedis the separationof short-
lived particles,9’10wheredeflectionof 50-l00mradis required.Underthis deflection,each
particleemits 7/1000photons.

Thereexistsalsothe possibilityof observingsynchrotronradiationof 70-200GeV pro

tons in bent silicon crystals,becausephotonswith a wavelengthlarger than 1-2pm are
not absorbedin silicon. The wavelengthis

SR = ir4. = 105R 12

for 70 GeV protons. Bending radius in IHEP experiments achieved 55cm.6 For

ASK 5.5pm, about iO photons/protonareemitted in the interval 1 to 4pm over 1 cm
length. In the experiment6up to 2.5 x io7 protonswere deflectedper cycle of U-70. For

5



observationof proton radiation, Planck spectrumshould be removedfrom the detector

view. At 77 K Planck photonfluencein the interval 0-4pm, equals0.1 photon/cm2/sec.

Themethodof particleidentificationconsideredherecouldbe effectiveonly for abeam

formedby a bentsingle crystal, becauseas a rule crystalacceptanceis too low.
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