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B pa60Te no.n:po6HO lICCJIe.n:YIOTciI lICTO"tJHlIKlI JIO.JKHOM lI.o;eHTlI.plIKaUlIlI MIO

OROB B 3KcnepllMeHTe HERA-B II MeTo.n:hI HX rrOnaBJIeHIUI. BepoHTHoCTb Herro

Cpe.n:cTBeHHoM HneHTHq,HKaUllM a.n:pOHa KaK MIOOHa He rrpeBhIlliaeT 1% BO BceM 

llMnYJIbCHOM HHTepBaJIe. TIpe.n:JIO.JKeHHhIM MeTOL( nOllCKa 113JIOMOB Ha TpeKax 

n03BOJIiIeT YMeHbillHTb q>OH OT pacna.n:oB Ha JIeTY K 1'1 7r Me30HOB cOOTBeT

CTBeHHO B 10 H 3 pa3a. C y~eToM I1MnYJIbCHhIX cneKTpOB oueHKa nOJIHOll: 

BepOiITHOCTlI JIO.JKHOM HneHTMq>lIKaUHH a.n:pOHa KaK MIOOHa rrpHBo.n:lIT K 3Ha

~eHlIiIM :::::: 6 . 10-3 L(JIiI KaOHOB H :::::: 8 . 10-3 L(JIiI rrMOHOB rrpll coxpaHeHHlI 

BbICOKOM 3q,.peKTllBHoCTll (99%) ll.n:eHTlIqmKaUlIH MIOOHOB. 

l1g. - 18, ret. - 6. 



1 Introduction 

HERA-B is an experiment dedicated to CP violation measurement, and also 
covering a wide range of other physics, which promises to be of high scientific 
value for the fore~eeable future. Neutral B mesons provide one of the sys
tems in nature, where CP violation phenomena might be observable. Unlike 
the kaon system, some B decay modes are predicted to show large CP asym
metries. In particular the decay B --+ JJ1/J I{~ --+ .f+e-n+rr- was accepted 
as the best candidate to study CP asymmetry. While the reconstruction of 
JJ1/J --+ e+e- decay meets some problems [1], the JJ1/J --+ J-l+ J-l- decay channel 
appears to be very clean. Therefore, unambiguous muon identification plays 
a key role for the CP violation studies as well al::; for other important topics 
of the physics program announced. 

The layout of the HERA-B spectrometer is shown in Fig.I. 
A Silicon Vertex Detector (SVD) system measures tracks at the first 2 ill of 

the HERA-B detector. The location of the magnet, with its center at 4.5 m 
downstream from, the target, is a compromise between the acceptance for 
late-decaying K~ - those decaying after the magnet. are lost - and the magnet 
aperture for fixed solid angle coverage. In the region from z 2 m (endr"V 

of the SVD) to z 13 m, 15 (9 in the magnet) superlayers of the trackerrv 

chambers measure charge particle tracks, in almost the whole geometrical ac
ceptance of the experiment. The ring imaging Cherenkov counter (RICH) 
placed at z rv 10 m serves to identify kaons with IDomenta from a few GeVJc 
to 80 GeVJc. The'transition radiation detector (TRD) followed by the elec
tromagnetic calorimeter (ECAL) make up the electron identification system. 
Muon system identifies muon candidates as th~ tracks found in the tracker 
associated with the hits in the four snperlayers of muon chambers, located at 
different depths in the absorber. 

The separation of muons from hadrons is achieved exploiting higher pen
etration capability of muons. The total thickness of the absorber should be 
sufficient to reduce hadron punch-through to a level lower than the back
ground rate due to pion and kaon decays-in-flight in SVD and in tracker. 
At the same time unambiguous matching of the track in the muon system 
to its trajectory in the tracker, where precise p and Pt determination is 
made, should be provided. As a compromise between these requirements, a 
3 m thick absorber is used. This results in a low momentum cut-off of about 
4.5 Ge"VJ c. 

Muon identification system of HERA-B is designed to 
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Figure 1: The layout of the HERA-B detector 
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• reconstruct muons from the decay B --+ J/~, I(~ followed by J / l' --+ J-LJl ~ 

•	 tag the initial :flavour of b quark using charge of the muon originating 
from the dec~y of another b ; 

• reconstruct	 the senlilt"ptonic decays of heavy quarks, and decays into 
lepton pairs. 

Muon identification tools, background sources analysis and methods of 
background suppression are discussed below. Information from the muon 
system, tracker, RICH, ECAL and TRD can be used for identification of 
muon candidates. ' 

2 Requirements for Muon Identification 

Tagging of the b flavour is a crucial element of CP violation study. Studies of 
flavour non-specific states require to distinguish particles originating from BO 
meson and those originating from BO m.eson. Tagging of the flavour by a full 
or even partial reconstruction of b-hadron would be inefficient due to small 
branching ratios and low reconstruction efficiencies. Instead, one can rely on 
the correlation between the charge of the muon and the :flavour of the parent 
b-hadron. This results in a larger tagging efficiency, but sometimes leads to 
wrong tags. 

When evaluating mistagging, several main effects have to be considered:
 
1) oscillations of Bd and Bs mesons results in wrong tags;
 
2) detected muon can be produced by the semileptonic charm decay in the
 

b --+ C --+ s(f-L) cascade, thusgiving wrong tag; 
3) muon can come from 7f or K decays-in-:flight; 
4) JL-hadron m~sidentification due to the hadronic punch-through. 

. " 
The above sources of mistagging will reduce the observable CP asymmetry 

by a. dilution factor D [1]. Since the error in sin(2{3) is inversely proportional 
to DJE, one defines [1] statistical power P of the tag: 

P = D-JE = Ecorrect - Ewrong 

JEcorrect + Ewrong + 1Jfake • N b + Q' • 1Jfake . Nmin.bias 

where c - probability to find tag (withp > 5 GeV/ C l Pt > 0.5 GeV/ c) in the 
event with reconstructed B --+ J/'l/-)I(~ decay; Scarred :::= 0.051 ([wrong :::= 0.013) 
probability to find correct (wrong) m.uon tag in'the event with B --+ J/l/.-J!l..-~ 

decay; TJfake is a muon fake rate; Nb ~ 0.15 - mean number of pions and 
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kaons from decays of B-hadron per event; Nmin.bias ~ 1.35 - mean number 
of hadrons from minimum bias interactions per event; 0: - reduction factor 
for hadrons from minimum bias interactions due to the vertex cuts [1] (these 
and further results have been obtained using PYTHIA 5.6 and FRITIOF 7.0 
event generators). 

Fig. 2 shows the relative statistical power P of the muon tag as a function 
of muon fake rate TJfake for different values of 0:'. P( 1Jfake=O) is used for 
normalization. 

'*- 100 'F~~gffi=::~~::::::r~fTITFFFmm 
~ 90 

% 80 
... .. 
" ... 70 
~.;:, 

c.. f: 60 ~ 
50 

40 

30 

20 
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Figure 2: The relative statistical power P of the muon tag as a function of 
muon fake rate for 3 different values of vertex reduction factor a. P ('fJfake =o) 
is used for normalization. 

The tagging power P falls with the increasing of the muon fake rate and 
substantially depends on the vertex reduction factor 0:' for hadrons from min
imum bias interactions. The relative statistical power P decreases on 10% at 
TJfa1ce = 10-2 

, without vertex cuts for tag candidates (0:'=1). If vertex sup
pression of the background is equal to 10 (a=O.l), the same decrease in P, 
10%, is achieved at 'fJfake = 5.10-2• The most probable value of the reduction 
factor a is ranging between a=1 and 0:=0.1. It results in an admissible value 
of the muon fake rate of 1% - 5% for tag sample. 

The straightforward estimation of the background rate for the B -+ J/ '1/)K~ 

decay is complicated because many of the background sources have large cross 
sections, compared to the signal process. One can estimate a muon fake rate 
'fJfake for the B -+.J/1/JK~ (J/1/J --+ /i+/i-) channel, assuming other reduction 
factors (mass, vertex and momentum cuts) to be factorized analytically. 

Background undernearth the B -+ J/1/JK~ signal arises primarily due to 
the genuine or fake dileptons in the J/1j; mass range. The main sources of such 
dimuons are fake muons ( due to K/1r j.t misidentification and hadron punch
through) and genuine muons ( from events with charm quark production ). 
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Muons from direct J l~J, pass First Level Trigger almost without losses, but 
the vertex cut suppresses t.his backround t.o a level of t.wo orders of magnitude 
lower compared to the signal [1, 2]. 

To estimate the background undernearth the J /1/J signal one should com
pare the number of fake muon pairs and the number of genuine muon and fake 
muon pairs ( 1J]ake' < Nff > + 1Jfake' < N fc > . Cc ) with the number genuine 
muon pairs ( < Nee> . c~ ); where, 1}fake is a muon fake rate, Ce - efficiency of 
genuine muon identification; < N fc > -- mean number of hadron-muon pairs 
from minimum-bias interactions per event; < Nff > - mean number of hadron 
pairs from minimum-bias interactions per event; < Nee> - mean number of 
muon pairs from the cc -+ 88(/1+Ie) decay in the event. 

Taking «NNcc » = 1.3 .10-4 and «~fc:~ = 3.2 ·10~3, one can conclude that 
JJ lVJJ> 

fakes at 1Jfake ::; 1% do not dominate. 
Therefore for both physics processes: discussed above the design goal is t.o 

reduce the muon fake rate from all background sources by a factor of about 
100 while maintaining the highest possible efficiency for muons from b quarks. 

3 Background Analysis 

The following sources of background contribute to the muon misidentification 
1) muons from hadronic showers in the absorber and hadron leakage through 

the muon shielding ( hadronic punch-through );. 
2) muons from 7r / K decays-in-flight in the region between the target and 

the beginning of the muon system (hadron decays into muons in the absorber 
of the muon system are assigned to hadronic punch-through); 

3) accident coincidence between track in the tracker and hits in the muon 
system (including background in the hall due to neutrons and soft photons); 

4) background from the proton beam and beam optics. 
Major background for llluon identification in HERA-B comes from the 

decays-in-flight 7r/K~J.Lv and hadronic punch-through. Therefore muon fake 
rate is the sum of two independent contributions: 1) hadronic punch-through, 
2) decay probability for hadron to decay into muon in the HERA-B detector 
convoluted with the probability to ident.ify such decay as a muon, 

3.1 Hadronic Punch-through 

We define the integral hadronic punch-through probability a.." the number of 
particles having h.its in all muon superlayers divided by the total number of 
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incoming hadrons into t.he muon syst.em. At large dept.hs penetrating particles 
in the shower are predominantly muons coming from pion and kaons decays 
in the shower. In HERA-B experiment. the dominant rate is due to hadron 
decays. 

The estimated punch-through probability for the HERA-B muon system 
(for details see [2]) as a funCtion of hadron momentum is illustrated by Fig.3. 
The results obtained by GEANT simulation are in a good agreement with the 
experimental results of RD5 Collaboration [3]. 

Figure 3: Punch~through probability for the muon system as a 
function of hadron momentum. 

To suppress background, muons from J/ 'tP (tag muons) required to have 
P >5 GeV/c and Pt > 0.5 GeV/c (p > 5 GeV/c and Pt > 1.0 GeV/c ) as 
calculated in the magnet. 

Fig.4 shows thenumber of fake muons due to the punch-through effect per 
event as a function of hadron momentum in the tracker. Taking into account 
the momentum spectrum of hadrons, we obtain the number nj~~~h-through of 
fake muons due to the punch-through effect per event: 

nj~~~h-through ~ 1.0 x 10-2 for p,(J/¢') candidates, 

punch-through rv 2 4 X 10-3 
nfake - . for p,(tag) candidates. 

3.2 Hadron decays-in-flight 

The signature of hadron decay-in-flight is a kink in the reconstructed track. 
Identification of such kinks is based on 
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Figure 4: Number of fake muons dv,e to the hadron punch-through, per event 
as a function of particle momentum a) - for p.(J/'lj;) candidates, b) - for 
p.(tag) candidates, 

• information from SVD and tracker in the region between the target and 
the first tracker superlayers; 

• tracker information in the region of 3 < z < 10 ill; 

• combined information from	 the la.<;t tracker superlayers and the muon 
system for z > 10 m. 

To estimate the hadron-muon separation capability of the detector, the 
GEANT-based program was used. The results presented here were obtained 
using statistics of 10,000 events, each consisting of 5 minimum bias interac
tions. 

3.2.1 Kinematics of muons from K/1r decays 

Fig. 5 shows the number of muons from 7l'/K decays reaching the last tracker 
superlayer (open histogram) and the last muon superlayer (hatched histogram) 
as a function of z-coordinate of the decay point. The decays of secondary (and 
consequently soft) J( and 1r lead to an increase in the number of muons from 
hadron decays-in-flight with z, Such 1r and K ~nainly originate from the re
gions of RICH and ECAL. The difference in open and hatched histogran1s is 
due to the loss of soft muons (p < 4.5 Gell/c) in the absorber of the muon 
system. 

--------------- ._-------_. 
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The simulation shows that the average reconstructed momentum of muons 
from 11 decay is < II::- >~ 15 GeVlc and from K decay < plf< >~ 11 Gel/Ie, 
while the momentum of muons from B-decay is about 45 GeVle. The cut 
at 5 GeVic rejects the background considerably with the negligible loss in 
efficiency. The P and Pt d1stributions for the muons frorn K I 7r -+ J.W are 
shown in fig.6. 

The above reqUirements (p > 5 GeVlc, Pt > 0.5 GeVlc, and requirement 
of hits in all superlayers of the muon system (Fig.5,6)) eliminate 87% of muons 
from K meson (both primary and secondary) decays and 92% of muons from 
1r meson (both primary and secondary) decays. FUrther analysis concerns 
only muons surviving these cuts. 

3.2.2 Identification of the ]{In -t f.L v decays in tracker 

In this section two possible criteria to identify kinks in tracker are discussed. 

Global X2 method. 

The global X2 method [4] based on the information from the 15 tracker 
superlayers is a straightforward procedure to reject kinks. The appearance of 
the kink could lead to a case, when track is splitted by the pattern recognition 
into two segments in tracker. Therefore X2 of the track fit shows an appre
ciable increase for such decays [1]. The cut value X~tLt was chosen to maintain 
the efficiency of JI'l/J muons at the level of 99%. For all J1 candidates X2< X~tLt 
was required. 

The fraction of,kinks from pions and kaons Pkink, rejected by this cut, is 
shown in Fig.7,8 as a function of z (momentum spectra of K and 7r from 
minimum bias events· were used) and P . . 

The total X2 cut becomes less powerful for hadrons decaying in the region 
near the first or the last tracker superlayers. Besides, pion decays are less 
frequently rejected by this cut due to a smaller energy release of the decay 
and therefore a smaller change in the direction of decay muon, relative to the 
decaying particle. The probability to identify a pion kink as a function of 
the decay point z has two maximums: at z 450 em in the magnetic field, f'V 

where the technique is sensitive to the change both in the momentum and 
the direction of the track, and the second at z 800 em due to the higherf'V 

density of tracker superlayers in this region. 
One should me~tion that a significant part of such kinks can be rejected 

already at the level of pattern recognition and track reconstruction, based on 
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J-L from !{ deca~ 

Jlr~ 
-J 

z [em] z [em] 
Figure 5: z coordinate of the K. rr decay into J-LV (open histogram - muons 
from K /rr decays. reaching the last tracker superlayer, hatched histogram 
muons from K /rr decays reaching the last muon super'layer). 
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~,:;;~;;;.g~SI.~,,=:I:-::.4~1"".•-:-:-,.•~~ 1.2 '.4 11.4 I .• 

Pt [GeVIe] PI [GeVIe] 
Figure 6: Momentum and transverse momentum of particles as measured in 
magnet (open histogram - muons from J{ /rr decays reaching the last tracker 
8uperlayer, hatched histogram - muons from f{ /rr decays reaching the last 
muon superlayer). 
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Figure 7: The probability to identify kink by global x2 method as a function 
of the decay point. 
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T 
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P [GeV/c] p [GeVIc] 
Figure 8: The probability to identify kink by global X2 method as a function 
of a reconstructed pion and kaon momentum. 

the Kalman filter algorithm, that implies an upper cut on the increment of 
X2 calculating at each step. 

Advanced X2 method. 

Search for a kink in the interval between n and n + 1 tracker superlayers is 
performed by fitting separately two track segments (one reconstructed from 
hits in 1..n superlayers, the other in (n+l) ..15 superlayers), and merging them 
togerther. For both track segments their covariance matrices are computed 
for the track parameters in the point of merging ( to simplify procedure every 
hit in the tracker is weighted with the function of distance from the merging 
point to hit according to multiple scattering). Then for any pair of a track 
segments with pm:ameters 5 i (i= 1,2) and covariance matrices C i , the X2 

ansatz is written as 

2 (-> -»T C- 1 (- -» (- -)T C-1 (- -)X = 0:'1 - 0:' . 1 • 0:'1 - 0:' + 0:'2 -' 0:' . 2 • 0:'2 - 0:' , 
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where (; is the weighted mean 

-+ (C- 1 + C- 1) (.--... -1 -+ + C-1 -+ )0:' = 1 2' L'l . 0:'1 '2' 0:'2 . 

This procedure gives 14 values of X~ ( n = 1..14 ), corresponding to hypotheses 
of kink between each subsequent pair of 15 tracker superlayers. For any of the 
X~ values, the probability for the track under analysis to be a muon P{l(\~) 
we define as . 

2 
,P (X2) = ~~~ PJJ(X ) 

jJ n JoPJJ(X2 ) 

where PjJ(X2 ) - the probability distribution of X2 for muons from JI1/.1 , 

Then the probability of the kink within the interval n is 

Pkink(X~) = :1 - PJJ(X~). 

Fig.9 illustrates the X2 values and associated probabilities Pkin.k(X~) of a 
kink to occur within each of the 14 intervals as obtained by this method. 
In the example chosen, 7r-meson with momentum p ~ 10 GeVic decayed 
at z = 607 em. One of the advantages of this method is the by-product 
prediction of the most probable location of the decay point. 

To estimate the rejection of muons from 7rI!( decays, we propose to make 
use of the maximum sum psum(X2 ) of the decay probabilities Pkink(X2 ) in the 
3 neighboring intervals. This makes use of sensitivity of the method not only 
in the interval containing kink, but also in the neighbouring intervals. The 
cut value p:::r(X2

) for J11/J muons was chosen to maintain the efficiency at 
the same level, 99%, as in the first method. To assign track candidate to the 
decay-in-flight muon, psum(X2) should be greater than p:::r(X2). 

The probability Pkink of the 7r/K decay to be identified as a function of 
the momentum and z-coordinate of the decay point is shown in Fig.l0,11. 

3.2.3 Method application to B decays 

Signal to background ratio optimization is one of the central questions in 
the physics analysis, where the efficiency and rejection interplay is impor
tant. Considering kink contribution to the background, one should take an 
advantage of relatively soft spectrum of kinks from decays-in-flight. The mo
mentum spectrum of signal muons depends on the physics process considered. 
Therefore it is natural to use momentum dependent cuts, which requires the 
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Figure 10: The probability to identify kink by advanced X2 method as a function 
of the decay point. 
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Figure 11: The probability to identify kink by advanced X2 method as a function 
of the reconstructed kaon and pion momentum. 

study of muon efficiency EIJ. and rejection capability P of the method in all 
the momentum range. 

The whole momentum spectrum was divided into 4 regions: 5 - 10 GeVic, 
10 - 20 GeVlc, 20 - 30 GeVlc and above 30 GeVlc. In each momentum 
interval the rejection of muons from !(17r ---lo flV decays was obtained for 
different muon efficiencies, ranging from EIJ. = 99% to 90% ( see Fig.12 ). 

The momentum dependent cuts can be efficiently applied for muons from B 
decays. This is illustrated by Fig. 13,14: with the efficiency EIJ. of 90% chosen 
for p = 5-10 GeVIe, 97% for p = 10-20 GeVIe, 98% for p = 20-30 GeVIe, 
99.7% for momenta above 30 GeVIc, thus given the total efficiency Ell =99%. 
Using these cuts ~e improve kink identification probability after SVD from 
'" 85% to '" 90% for kaons, and from 40% to "-J 60% for pions. This leads '"'-J 

to a rejection factor of about 10 for kaon and 2 to 3 for pion decays-in-flight. 
The muon fake rate "7j~k~ after cuts applied, is shown on Fig.15. 

From the convolution of muon fake rate "7J~k~ and momentum spectrum of 
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Figure 12: The muon efficiency GJl as a function of kink rejection pmbability 
P kink for different intervals of particle momentum (circle.s corre.spond to 
p = 5-10 Ge VIe, .squares to p = 10-20 Ge VIe, triangles to p = 20-30 Ge Vic, 
stars to momenta above 30 Ge VIe. Open .symbols represent muons from 7r 
decays, filled - muons from !{ decays. 

hadrons, we obtain the number n}~1~ of fake m~ons due to the !(/7r decays
in-flight effect per event 

for j.l(J/7/J) candidates; 

n}~k~ ~ 5.5 x 10-3 for j.l(tag) candidates. 

h b' h punch-through f h d' h h hC-ombllling t " ese num ers WIt -nfake rom a rome punc -t roug 
we obtain the number of fake muons per event (see fig.17) 

for j.l(J/7/J) candidates; 

nfake ~ 7.9 x 10-3 for j.l(tag) ca·ndidates. 

The above analysis of the misidentification rate due to the decays-in-flight 
and punch-through provides a total J-L-7r misidentification probability of 0.8 % 
per pion. For J-L-K misidentification the fake rate was found to be 0.6 % per 
kaon (see Fig.16) 
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Figure 13: The probability to identify kink by advanced \2 method as a function 
of the decay point. 
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Figure 14: The probability to identify kink by advanced X2 method as a function 
of the constructed kaon and pion momentum. 

It was assumed that the pattern recognititon and track reconstruction 
procedure in the SVD rejects 100% of kinks in the region z < 2 m due to the 
high intrinsic resolution. Moreover muons from decays-in-flight in the SVD 
region have an additional kinematic suppression due to the softer spectrum 
of secondary muons with respect to that of primary hadrons. The actual 
rejection of the decays-in-flight with the help of information from SVD should 
be studied relying on the given performance of SVD. The fake muons coming 
from the decays-in-flight in "the region of SVD can be treated independently 
from the analysis above. The number of kinks in SVD having survived the 
rejection proceduie, could be simply added to the number n fake obtained. 
The SVD incorporation in the method described in this section also leads to 
an improvement of the rejection capabilities in the region of the first tracker 
superlayers. 
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Additional possibilities to improve muon identifica
tion 

As discussed in Sec.3 a reliable identification of the decays-in-flight is achieved 
for the kinks in the region before RICH. At the same time only about 50 % 
of K -+ jJ.V and 30 % "if -+ J.lV decays (see Fig.lO) in the region z > 10 m 
can be rejected. Therefore additional treatments are encouraged to suppress 
this background. 

One of the most promising strategies employs the RICH counter informa
tion. RICH can efficiently improve the rejection of K /"if -+ J.lV decays in the 
region after magnet. The muon coming from decay-in-flight in the region af
ter magnet and before RICH produces ring with the radius inconsistent with 
the track momentum measured in magnet for a: given mass hypothesis. The 
decays in the RICH lead to a smea.ring of the rings, which is an additional 
information for kink identification. 

The most valuable help from RICH is expected for hadron decays-in-flight 
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Figure 17: Number of fake muons due to the K /rr decays-in-fiight per event 
as a junction of particle momentum a) - for /1(JI'l/J) candidates, b) - for 
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after RICH and punch-through, since the X2 methods are less sensitive to 
the K 11r decays in this region. Ii and 1r masses are very close to each other 
compared to the It" mass, therefore K-p, separation is of about the same 
quality as K-1r separation (see Fig.18a, a detailed study of K-1r separation is 
described in [1]). It is also possible to achieve a positive 1r-/1 separation for 
pion momenta frotn 5 GeVlc to "-' 15 GeVlc (see Fig.18b). Note, that 84 % of 
the decaying 1r mesons after RICH lie in this momentum region, and can be 
effectively suppressed. The probability of the identification falls down with 
the increase in particle momentum. Both Figures 18a and 18b are obtained 
for a fixed muon efficiency of 98%. The RICH counter can thus enable ](-/1 
and 1r-/1 separation in the momentum region where hadron decays-in-flight 
are dominant source of background. 

1.... 
f-+-:-+- 1r - It separation:.;; " -+- 0.8 b) -+f:l.. O.B a) 

-+.0.6 

-+ 0.40.4 

/1(1r)IK separation -t 0.20.2 

10 20 30 40 50 60 70 0 S f 7 8 9 10 11 12 11 14 15 

P [GeVIc] p [GeV Ie] 
Figure 18: Momentum dependence of the a) kaon b) pion .separation for a. 
fixed muon efficl:ency E:/l=9f{%. 

The data from the ECAL could also contribute to the hadron-muon sep
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aration at HERA-B. The separation between hadrons and muons (the latter 
loose minimal energy compared to the particles hitting ECAL), substantially 
depends on the particle occupancy and hence from the distance to beam pipe. 
In the regions of low occupancy calorimeter could efficiently improve hadron
muon separation [5}. More sophisticated treatment including the detailed 
analysis of the shape and magnitude of energy deposition in ECAL, should 
be used in the regions of high occupancy. 

Study of the muon identification with TRD was made in [6). Good sep
aration between muons and pions can be achie~ed for muon energies above 
130 GeV / c. At this energies the dominant source of background is hadron 
punch-through, that can be additionally suppressed by TRD. 

The information from RICH, ECAL and TRD can be included coherently 
with the one from tracker and muon system into global muon likelihood func
tion. 

Summary 

The detailed analysis of background for muon identification in the HERA-B 
detector is presented. 

The punch-through probability was found t:o be well below 1 % in the 
whole momentulTI region. 

The method of kink identification based on advanced X2 technique, is de
veloped using combined information from tracker and muon system. This 
method is more flexible compared to optimal fits handling big covariance 
matrices; contrary to conventional methods, the computation time is merely 
proportional to the number of track hits. 

The proposed method of kink identification provides rejection at the level of 
10 for kaon and 2 to 3 for pion decays-in-flight, that is particularily important 
for muons in the events with high hadron multiplicity. This results in the jl,-K 
and jl-7r misidentification fake rate of about 6 . 10-3 per kaon and 8 . 10-3 per 
pion respectively, while maintaining high reconstruction efficiency of about 
99 %for muons. 

Additional possibilities to improve muon identification with RICH, ECAL 
and TRD are proposed. 
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