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1 Introduction 

One ofthe main goals of HERA-B is to measure angles {3 (through B ---7 J/1/JK~ decay mode) 

and {3 + 'Y (through B ---7 11'"+11'- mode using the high-PT trigger) in the the unitarity triangle. 

Recently, there has been particular interest in the B ---7 K±7f'F decays, which could provide 

information on the angle I [1, 2J. This paper discusses the capability of HERA-B to measure 

these decays. 

2 Method 

The principal idea of extracting the angle I from nO ---7 K+7f- and E0 ---7 K-7f+ decays 

is the following [1, 2J. The two diagrams which contribute mainly to these decays are the 

penguin (Fig. 1) and the tree diagram (Fig. 2). Total amplitudes for B ---7 K±7f'F decays can 

be written as 

(1) 

The minus sign is due to the definition of meson states. Here P(T) is the amplitude for 

the penguin(tree) diagram, Jp (r5r ) is the strong phase and I is the CP violating weak phase 

arising from a VuhV':s factor in the tree amplitude. The penguin contribution can be extracted 
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Figure 1: Penguin diagram for BO ~ K+1r- decay. 
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Figure 2: Tree diagram for BO ~ K+1r- decay. 
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Figure 3: Penguin diagram for B+ ~ K07f+ decay. 
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using B+ ~ K°1r+ (B- ~ J(01f'-) decay modes where there is no corresponding tree diagram 

(Fig. 3). Isospin SU(2) symmetry of strong interactions implies: 

(2) 

Figure 4: Triangles. 

Therefore combining (1) and (2) one gets: 

where J is equal to JT - bp . These equations can be represented in the complex plane as two 

triangles (Fig. 4). They have the common base ( !AK o1T+I = IA](o1l"-1 ) and their right sides 

have the same length (IT!). IAK01l"+/' IAK+7f-1 and IAK- +! can be determined experimentally1T 

from the corresponding Br(B+ ~ K°1r+)' Br(B ~ K±7r 'f), e.g. for Br(B ~ K±-rr~) decay: 

Br = ~TBoIAI2<I> = k1A1 2 , where ~ is the phase space factor, k ::::: 8.8· 109 GeV-2 
. The 

color-allowed tree amplitude ITI can be estimated with reasonable accuracy from theory, e.g. 

BSW [3] model predicts: ITI = at . (3.1~;~l3) ·7.8· 10-9 = 7.9· 10-9 GeV [4J. The form 

factor used in the model can be checked using B ~ 1f'lv semileptonic decay. Another way 

to estimate ITI is to use B+ ~ 7r+-rr0 decay. If one assumes factorization, parameterizes the 

SU(3) breaking by the factor *" and neglects the color-suppressed diagram for this decay it is 

possible to relate ITI and B+ ~ -rr+1fo decay amplitude: IT) = sinOct-v"2IA(B± ~ 7r±1fO)1, 

where Oc is the Cabibbo angle. Given the four triangle lengths one can draw both triangles 

and calculate the 21' angle between their right sides. 
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Note that this can be done only with eightfold ambiguity. Fourfold ambiguity arises due 

to the fact that the triangles can be flipped around the triangles base IA KO'Il-+ I = IPI without 

changing their side lengths. In terms of "I and c5 any of these flippings can be expressed by 

the combination of the following two transformations: 

• exchanging of "I, 8: "I ++ 8 and 

• the substitutions 0 -t -8, "I -t -"f. 

Another twofold ambiguity is due to the fact that the 2"1 (or 28) angle can always be substi­

tut~d by 2"1 + n .3600 (20 + n . 360°) where n is any integer number. Therefore one should 

add to the two transformations above the third one: 

Combining the second and the third transformations together one can write the first 4 possible 

solutions in the form: "I = "10, -"10, 1800 +"10, 1800 -"10 or ±"Io + n· 1800 For any "10 # m· 900 
• 

where m is any integer number they correspond to the 4 points on the circle with unit radius 

situated in 4 different quadrants. The second 4 possible solutions are obtained when "10 is 

exchanged with 80: "I = 00, -00, 1800 +00, 180° -80, If "10,80 i= m· 900 there are exactly 2 

solutions in the range 00 < "I < 90°. 

The presently allowed range for "I is [5] 

(4) 

Therefore at least 6 out of 8 solutions (negative and greater than 90°) should be discarded. 

The asymmetry between BO -t K+1f- and EO -t K-rr+ branching ratios can be expressed 

by the quantity 

A = Br(BO -t K+1f-) - Br(BO -t K-7r+) = -2!PI!Tlsin8 sin "I , (5) 
cp 

Br(BO -t K+1r-) + Br(BO -t K-rr+) IPl2 + ITl2 + 2IPIIT! C08<5 cos "I 

where we used IAK±lI''f 12 = IP l2 + IT/ 2 +21PIITI cos (0 ± "I). CLEO has measured recently the 

ave~age branching ratio B = ~(Br(BO ---> K+lr~)+Br(BO -t K-lr+)) = (1.4±O.3±0.2) .10-5 

[6]. Combining it with ITI = 7.9.10-9 GeVand neglecting the terms O((ITI/IPI)2) one gets: 

2lPIITlsin8sin'Y 21TI (1 ITI ~ ). ~ . 
A cp = -'--'-'--'----- = --- - --cos r; cos "I . sm r; sm "I 

B / k /Bfk /Bfk 
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= -0.40(1- 0.20 cos <S cos'Y) ·sinosin'Y. (6) 

Thus the maximal value of Acp is 40%. The term in the brackets should be larger than 0.80 

while sino is not known. 

It should be clear that if the CP violating asymmetry .AcP is found to be zero, 'Y still 

can be extracted from the triangles in Fig. 4. In this case the triangles are identical. As it 

can be seen from (6) or directly from the Fig. 4 two possible solutions are 'Y = 0°,180° which 

mean the absence of the CP-violation. They contradict the presently allowed range for 'Y 

(4) and should be discarded. However if the triangles are not degenerate there is always one 

nontrivial solution in the range 00 < 'Y ~ 90°. It corresponds to the case <S = 0° or <S = 1800 

when the triangles are on the opposite sides of the triangles base. 

An interesting situation arises when Br{B± --+ Krr±) is larger than Br(B -4 K±7["'f}. 

In this case even upper limits on Br(B -+ K±1T"f} are of particular importance. As it can 

be seen from Fig. 5 they allow the following constraints to be put on 'Y: (0 < 'Y < l' or 

1800 
- l' < 'Y < 180°), where l' is shown in Fig. 5. This can be done without knowing the 

amplitude of the tree diagram ITI. These constraints are complementary to the presently 

allowed range (4). 

Figure 5: Triangles in the case when Br(B± -+ Krr±} > Br(B -+ K±rr'f}. 

In view of the recent CLEO results it was pointed out in the literature [2] that such 

constraints can be derived even in the case when only the average branching ratio B = 
~(Br(BO -+ K+1r-) + Br(BO -4 K-?r+)) is known and the ratio R = Br(B±~K1r±) is smaller 
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than 1. The worst constraint with the largest l' is obtained if one assumes that. Br( BO -0 

K+1f-) and Br(BO -0 K-1f+) are equal. In this case two circles in Fig. 5 are identical and the 

maximum possible angle l' is simply arcsin IA1~(f I = arcsin VR. Taking the current. CLEO 

values B = (1.4 ± 0.3 ± 0.2) . 10-5 and Br(B± -0 K 1f±) = (1.4 ± 0.5 ± 0.2) . 10-5 [6] and 

adding t.he errors in quadrature one gets R = 1.00 ± 0.46. 

One should note that the method of , determination briefly discussed in this section 

can suffer from additional theoretical corrections caused by effect.s of the color-suppressed 

electroweak penguin terms in B -t K±1f'f and B+ -0 K01f+ and effects of the annihilation 

amplitude in B+ -0 K01f+. Their discussion can be found elsewhere [7, 1, 2]. 

3 HERA-B capabilities 

The decays B -0 K±1f=F can be selected by the HERA-B high-PT trigger just as decays B -0 

1T+1f- since they have almost the same kinematics. Thus no special redesign of HERA-B is 

required. But in contrast to the analysis of the 1f+1f- mode the measuring of Br(B -0 K±1f=F) 

requires neither tagging nor time dependent measurements. 

Assuming the CLEO value B = (1.4±O.3±O.2)·1Q-5 the expected number of B -t K±1f=F 

events passed the trigger level and vertex cut during one year of HERA-B operation is 

40 MHz· 107 s .10-6 .0.8 .1.4.10-5 .0.28. 0.57 ~ 720. (7) 

Note that the BO and EO production rates are expected to be slightly different:
 

(Rft .... .e:-:h ',8)/2 ~ 2 - 3% so that if Br(BO -t K+1f-) = Br(BO -t K-1f+) the expected
 
b~.e° b->BO 

numbers of events with BO -0 K+1f- and 130 -0 K-1T+ decays are different too: approx­

imately 360 and 350 respectively. This should be taken into account in asymmetry Acp 

determination. 

The efficiency to identify K(1f) in the K1f pair is found to be 44%. This value is obtained 

by convoluting the kaon momentum spectrum with the RlCH kaon identification efficiency 

eff~(p) from [8J. The pion misidentification probability is 5%. The pion identification effi­

ciency is assumed to be the same as that of the kaon: eff~(p) = eff~(p). The value of 44% 

corresponds approximately to the sharp momentum cut PX(1f) < 50 GeV(c. The probability 
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to identify both K and 7[ is 24%. In order to increase statistics we shall also consider, during 

analysis, partially reconstructed events selected in the following way. One particle (K or 1f) 

is identified, another (1r or K respectively) is not and in addition P7f(K) > 50 GeV Ie. The 

last momentum requirement reduces soft background. The efficiency for such events is 14% 

when K is identified and 14% when 1f is identified. Note that all three samples which have 

efficiencies of 24%, 14% and 14% are statistically independent. 

There are two sources of background: the combinatorial background and the reflections 

from other two-body B(a) decays. The main contribution to the combinatorial background 

like in the B -4 1f+7r- case comes from minimum bias events. Table 1 shows the number of 

minimum bias events (out of 32 millions of generated events) after the following trigger cuts: 

pV > 1.5 GeVIe, M1,2 > 4.5 GeVIc2 
, energy asymmetry cut 'i:~i~1 < 0.5 (first row) and 

after an additional BO mass window cut lM1•2 - MBol < 50 MeVIc 2 (second row; to increase 

statistics the number of events here was taken as 1/4 of the number of events in the range 

IMr,2 ~ MBnl < 200 MeVIc2 
). The detector resolution is expected to be 35 MeVIc2 so that 

this window corresponds approximately to ±L5u. An unidentified particle is denoted in the 

table by an X, the 7[+1r- case is given for a comparison. 

Mass cut, GeV Ic2 K+1f­ K-rr+ K+X­ K-X+ 1f+X­ rr- X-r 1r+rr­

M1,2 > 4.5 277 147 91 64 265 346 931 

IM1,2 - MBa I < 0.05 15.8 5.5 3.8 3 11 14.8 41.5 

Table 1: Background from minimum bias events. 

The average background suppression factors for the sampies with fully identified K rr pairs, 
.........
 

with identified K and unidentified 7r, P1r > 50 GeVIc and vice versa are 

1 _ 
-~0-7 (10.6; 3.4; 12.9) ~ (1; 0.3; 1.2)·3.3· 10 7. (8)
3.2·1 

In addition, one should apply a secondary vertex cut and cuts using the presence of a second 

B in the event. The signal to background ratio in MBo ± 50 MeVIc2 mass window in case of 

full K rr identification is: 

~ _ UbIJ . ~(Pb~BO + PhBO ) . 8 . eff~rigeff~50eff~xeff~eff~d B _ 

B - O'inel ·3.3· 10-7 . eff~xeffrd B ­
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= 10-6 . 0.4 . 1.4 . 10-5 
. 0.28 . 0.85 ·0.57 . 0.24 . eff~d B = eff~d B 

(9)
3.3 . 10-7 • eff~eff~d B 1.8 . 106 . effexeff~d B' 

where effs , effB are efficiencies for signal and background. eff~ and eff~d B are not known 

yet, but to keep SIB around unity they should provide a suppression factor of the order of 

1/(1.8.106
). In the following we assume that the ratio between the backgrounds (8) remains 

the same after applying all the cuts. 

In case of partial identification one should take into account reflections from other two­

body 8(8) decays. The kinematics of such reflections is discussed in the Appendix. If one 

identifies only ]{+ there is a reflection from BB -t K+K- when K- is misidentified as 7f-. 

This produces a bump 60 MeV/c2 higher than MBa' In case of 1('- identification there is a 

reflection from B -> 1('+1('- which produces a bump 30 MeV/c2 higher than MBa' Final state 

in the decay B -> 1('+1('- (Bs -> K+K--) is totally symmetric relative to the change 7f+ B 1('­

(K+ B K-). Therefore the reflections are of the same magnitude for BO -> K+1('- and 

30 -+ K-7f+ and do not produce any shift in asymmetry Acp. They can be considered like 

the combinatorial background. 

We assume Br(B8 -> K+K-) = Br(BO -+ K+1f-) and (JB~ = 0.2· (JBO. For Br(B -t 

1f+7f-) the value of 0.84.10-5 which is reported by CLEO as an upper limit at 90% OL (6] is 

taken as a conservative estimation. Then before applying any cuts the ratio of the number of 

events in the B s -+ K+K- reflection and in the signal is 0.2*2 = 0.4, while for the B -t 7f+7f­

reflection the corresponding ratio is 0.84/1.4 * 2 = 1.2. (The additional factor of 2 arises 

because both B~(BO) and B~(13°) contribute to the reflection). The number of events in the 

reflections within ±50 MeV/c2 around the MBa mass which passed the p.}:2 > 1.5 GeV/e 

cuts, energy asymmetry cut I~~~;:I < 0.5 and the cuts on partial identification described 

above relative to the corresponding number of events in the signal is given in the last row 

of Table 2. Without smearing with (J = 35 MeV/c2 
, the reflections are quite narrow. After 

applying all the cuts they are contained in about a 15 MeV/c2 mass range. The B s -t K+K­

reflection has only a small overlap with the region 1M - MBO I < 50 MeV/c2• Therefore the 

ratio of efficiencies for reflection and the signal is only 2% in this case (see Table 2). However, 

taking into account the detector resolution drastically changes the situation. Instead of 2% 

one· gets 49% so that the ratio between the number of events in the reflection and in the 

signal becomes 0.4 . 49% = 20%. 

Possible reflections from two-body Ab decays are expected to be negligible. Firstly they 
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decay B s ---+ J(+K­ B ---+ 11"+11"­

identification K+ 

+60 

0.4 

efficiency(reflection) I 

1[" ­

+30 

1.2 

efficiency(signal) 

shift from M BO, MeVIc2 

2aBr(reflection)IaBr(signal) 

cuts 

1M - MBol < 50 MeV Ic2 0.37 

0.02 

0.49 

0.52 

1.00 

0.83 

1M - MBol < 50 MeV/c2 
, 

pi2 > 1.5 GeVIe, 
IEI-E:z1 05
El+E2 < . , 

paitial identification 

after smearing with a = 35 MeVIc2 

N(reflection) I N(signal) 20% 100% 

Table 2: Reflections from two-body B(s) decays. The last row shows the number of events in 

the reflections found in the 1M - MBo I < 50 MeV Ic2 window ofthe K rr mass spectra relative 

to the number of signal events. 

are suppressed by the smallness of the Ab production rate a(B)la(Ab) ~ 10 - 20. Secondly 

the reflections are far away from the BO mass. Even the decay Ab ---+ pK- in case of a 

misidentification of a p as a rr+ produces a reflection which is contained in the region 5.49 

- 5.55 GeVIc2 (assuming MAb = 5.64 GeVIc2 
). This region is about Sa away from the BO 

range 1M - 5.281 < 0.05 GeV/c2
• 

The relative statistical error in Br(BO ---+ K+rr-) and in Br(BO ---+ K-1["+) can now be 

written as: 
oBr o(Ntot - R - B)
 
Br Ntot - R - B
 

for each of the samples of full identification, K identification and 1'i identification. Here Ntot
 

is the total number of observed candidates of the decay B ---+ K±1'i'f- in the corresponding
 

sample. It includes the background contributions from the reflections (R) and from the
 

minimum bias events (B). In the following we neglect the errors in the estimations of Rand
 

B. R can be determined using samples of fully reconstructed B ---+ 7r+7r- and Ba ---+ K+K­

decays. B can be estimated from sidebands on the mass spectra of K±1["'f pairs or by varying 

the cuts on the K± 7r'f vertex or cuts on the second B in the event. Let us denote the number 
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of signal events Ntot - R - B by S: 

(jBr _ 8(Ntot - R - B) 8Ntot vNtot j1+ ~ + ~ 
fu - 8 = ---s = -8- = v'S . 

To estimate S in the following we simply assume Br(BO --+ K+7f-) = Br(fjO --+ K-7f+) = 

B = 1.4 . 10-5 and neglect the difference between production rates of B O and fjo. Thus for 

samples of full identification, K identification and 7f identification the expected value of S 

in one year of HERA-B operation is equal to ~ . (0.24,0.14,0.14) . 720 = ~ . (170,100,100) 

respectively (see (7)). The minimum bias backgrounds for three samples are assumed to 

follow the relation (8): 

(Bj8)K'If: (Bj8)K: (BjS)'If = 0.~4 : 0~~34 : 0\2
4 

, 

The ratios RjS are taken from Table 2. The resulting value of 6:: in one year of HERA-B 

operation is shown by dotted lines in Fig. 6 for three separate samples for different minimum 

bias background to signal ratios (B j S)K7I" in case of full identification. 

After averaging over all samples the statistical error is: 

OBT 
<-->=

Br 

-1/2
0.24 0.14 0.14 

( )1 + (BjS)K7I" + 1 + 0.20 + (Bj8)K'If (~:~: .0.3) + 1 + 1.00 + (BjS)K1f (~:~: ,1.2)
 

It is shown in Fig. 6 by the solid line and is also given in Table 3.
 

(Bj8)K1r 0 0.5 1 2 3 5 7 10 15 20 50 

< oBrlBr >, % 8.1 

5.7 

9.6 

6.8 

10.9 

7.7 

13.0 

9.2 

14.8 

10.4 

17.8 

12.6 

20.3 

14.4 

23.6 

16.7 

28.3 

20.0 

32.3 

22.8 

49.9 

35.3< 8A~p >, % 

Table 3; Relative statistical error in Br(B --+ K±7r 'f) and absolute statistical error in A cp 

in one year of HERA-B operation for different minimum bias background to signal ratios 

(B jS) K 1r in case of full identification. 

The contribution to the absolute statistical error (jBr from the minimum bias background 

is shown in Fig. 7. It is obtained by first assuming that the fluctuation of the minimum bias 

background is the only source of the statistical error. For each of the samples one gets: 

oBr(B) = VB s , 
nB . efftot 
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7f0.7 

K0.6 

°0 5 10 15 20 25 30 35 40 45 50 

(B/S)K1f 

Figure 6: The relative statistical errors in Br(B ~ K±n'f) in one year of HERA-B operation 

for the separate samples with full, K and 1f identifications (dotted lines) and after averaging 

over all three samples (solid line). The cross on the vertical axis shows, for a comparison, 

the error ~Br / Br in the ideal case when there are no background contributions from the 

reflections and minimum bias events. The dashed line shows the corresponding absolute 

statistical error in the asymmetry ~A~p = J.i~Br / Br. 

where nB is the total number of BO (or EO) mesons, etrfot is the total efficiency for the signal. 

Then averaging over all three samples and using the values from (7) and (9) yields 

0.24' 0.14' 0.14')"' v'40MHz ·10's· 3.3 ·10-' 
< ~Br(B) >= ( -1- + ~ + 1":2 40MHz. 107 S • 10-6 • 0.4 . 0.28 ' 0.57 x 

effexefffd B = 1.21 ,10-6 eff~xeff:d B . 106 
(effgd B)2 (eff~d B)2 ' 

where the efficiencies effB , effS are defined as in (9). Note that < ~Br(B) > does not depend 

on the assumed value of Br(B ~ K±n'f). 

The absolute statistical error in asymmetry Acp can be estimated in a similar way. In 

the following the variables related to BO ---+ K+7f- (EO ~ K-7f+) decays are marked by +­
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-5
xlO 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

00 5 10 15 

eff$~eff~ B • 106 
(eff2d B)2 

Figure 7: The contribution to the absolute statistical error in Br(B --t K±7f'T) from minimum 

bias background in one year of HERA-B operation versus the background suppression factor 
effe . etffd B • . 

(eff1d B)2 explamed 1D the text. 

(-+) subscript. The asymmetry is determined by the equation 

N tot _ N£ot 

.AcP = (N~: - R - ~) + (N;~ - R - B)" 

Here it is assumed that the background contributions (R + B) are the same for BO --t K-t-1f­

and E° --t K-1f+ decays so that they cancel in the enumerator. For simplicity we also neglect 

the difference between BO, EO production rates. The absolute statistical error of Acp is 

20 25 30 

Rand B are assumed again to be known precisely, 5N!:~,_+ = .../N![:~,_+. The calculation 

gives: 
"'/(1- Abp) + (~+ i)(l -+ A~p) 

o.Acp - -'---- I?;=~?O;------ ";8+- + S_+ . 

Here 5+_+8_+ is the total number of signal events Nia: +Nl!~ -2(R+B) which is determined 

by B = ~(BT(BO --t K+1f-) + Br(BO --t K-7f'+)) and does not depend on asymmetry. The 
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errors 8Acp calculated at the point Acp = 0: 

. ° VI + ~ + ~ 1 8Br 
OACP!AcP=O = oAcp = ~~ = fji-B

ylJ+_ + 0_+ y2 r 

are given in Table 3 and are shown in Fig. 6 by a dashed line. 

In conclusion, the HERA-B capabilities to measure Br(BO -t K+Jr-) and Br(BO --t 

K-1r+) have been studied. These quantities are needed to draw the triangles in Fig. 4 and 

calculate 'Y as a half of the angle between the right sides of the triangles. The high-PT 

trigger system allows for the selection of the decays B -4 K±1r'f in parallel to the decays 

B -t 1i+1r-. Neither tagging nor time dependent measurements are required. In order to 

increase statistics along with fully reconstructed events involving K±1i'f pairs, the partially 

reconstructed events are also included in the analysis where one particle is identified while the 

other is not. Two main sources of the background are considered: background from minimum 

bias events and reflections from other two-body B(s) decays. The reflections from Ab two-body 

decays are expected to be negligible. The estimated statistical errors in Br(B -+ K±Jr'f) and 

in asymmetry Acp in one year of HERA-B operation are shown in Fig. 6 and are also given 

in Table 3 for different minimum bias background to signal ratios in the sample of fully 

reconstructed events; The contribution to the absolute statistical error in Br(B -+ K±1r'f) 

from minimum bias background is shown in Fig. 7. 
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Appendix. Kinematics of two-body decay reflections. 

Let's consider the reflection from the decay of a particle with a mass M into two particles 

with masses m1 and Tn2: M -+ mlm2. If the first daughter particle is misidentified as a 

particle with mass m~ this shifts the mass M into some new value M'. Let's consider the case 

of perfect detector resolution when the momenta of daughter particles PI, P2 are measured 

precisely. The energies E 1 , E2 are calculated from masses and momenta. In the units with 

the speed of light c=l one gets: 

M,2_M2 = (Jpi + m'~+JPfJ. + mD2-(/if + mi+l~ + ~)2 = (E't +E2 )2_(E1+E2 )2 =
 

(E'~ - Et) + 2E2(E\ - Ed = (m'~ - mn + 2E2(E't -~ Ed·
 

Let's denote m'i - mi and M/2 
- M 2 by ~(mn and ~(M2) respectively. Since E'~ - E? =
 

~(mi): E'l = / Et + ~(mt) and: 

One can see that if .6.(mi) > 0: ~(M2) > ~(mn. If ~(m~) < 0: ~(M2) < b.(mn < o. 
In both cases: 1b.(M2)1 > I~(mnl· 

Let's suppose now that Lb.(mnl « E?- For HERA-B this is a very good approximation, 

e.g. mk - m; = 0.22 Gey2. (For i(45) energies it is not so good, e.g. for.'Tr with P = 0.8 

GeY: E; = 0.66 GeV2). 

~(m~) ((1 + ~:) + ~: (_~ (b.~n) + ...)). 

In the following we shall consider only the main term so that 

In this linear approximation the normalized shift b.(M2)/b.(mn does not depend on the 

characteristic parameter of misidentification ~(mD = m'~ - mi and is determined only by 

the spectrum of E / E 1 . It is the same for 1r -.:, K, K ---t P or 1f -+ P misidentifications. 
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If ILl(M2) I ~ M2 one can write 

tlM =M' - M = JM2 + Ll(M2) _ M = tl~~2) (l-l Ll~2) + ... ) 

2
'" tl(M ) '"-' tl(mD E (10)'"-' -----zM '"-' --uf . E ' 

1 

Now let's analyze the shape of E / E1 spectrum. To determine it one needs to consider the 

decay M --t ID1m2 in the rest frame of M and then make a boost to the laboratory system. 

Let's denote by rJ, , = .~ the characteristics of the boost. Then the energy E1 can be 
v 1_82 

related to the corresponding energy and the momentum in the rest frame by the formulae 

E1 =,(Er+ rJ·Pr) =,(EF+{3pFcosO), 

where f} is the angle between the momentum Pr in the rest frame and the direction of the 

boost. The total energy E in the laboratory system is given by E = , M. Thus the ratio 

E M 
(11)

E1 - EF + {3pFcosO' 

The quantities Ef" and pm are totally determined by the masses M, ml and m2 and therefore 

should be considered as constants here. {3 and cos f} are variables. 

The E / E 1 spectrum is the function d(;7El)' It shows the number of events dN in the bin 

of the variable E / E1 : (t, t + dCl))· Let's consider the case when the energy E is fixed 

so that (3 is constant, cos () can vary. Then 

dN dN 
= --E--= 

d(E / E 1 ) E'[dEl 

dN 

1 dN 1 dN 1 
(E/Ed 2 . dcosf). d(EI/E) = - (E/Ed2 • dcosf)' (E,m+.Bp,m cos lJ )' 

d~1J M ~8 

1 dN M 
- (E/E1)2 . dcos9' (3pF' 

To understand this formulae let's denote E/E1 by X, d~~8 by some function !(cosB,{3). Since 

X= Elm+.B~mcoslJ: !(cosf},{3) = f(M/;p~~!m ,fJ) and 

dN = _ ~ . ! (M / X - Ef
m 

, (3) . -.!::!...-. (12)
dx x2 {3pym fJpF 

To consider the general case when the energy E can vary one should convolute the above 

formulae with the {3 spectrum. 



16 

To go further let's make two assumptions. First let's consider only the simplest case when 

f (cos (), /3) = canst = A. This means there is no correlation between the direction of iff in 

the rest frame and the direction of the boost to the laboratory system. The only quantity 

which can bring the information on the direction of the boost to the rest frame of M is the 

spin of M. Therefore the correlation under cOllsideration does exist only if 

1) there is a correlation between the momentum of M and its spin in the laboratory system 

and 

2) in the rest frame of M the direction of PF is correlated to M's spin.
 

The correlation does not exist for example if M decays in S-wave isotropically. This is true
 

for all two-body decays of B(s) mesons since they are spinless.
 

Our second assumption is that /3 ~ 1. If PBO = 10 (20) GeV: /3 = 0.88 (0.97), so for B(s) 

mesons at HERA~B this is good approximation. 

With these assumptions equation (12) can be rewritten as 

dN A M 
dx =-x2 'p'rn 

and taking into account the relation b.M = 6Y;P .x: 

dN A ~(mn 
(13)

d(~M) = - (~M)2' 2pF . 

The corresponding normalized spectrum for the case ~(mn > 0 is shown in Fig. 8. The 

minimal shift as can be seen from '(10) and (11) is equal to (~M)min = t::.~~n Efm~I3Pl'" 
__ t::.(mn __M_ If m «M so that pcm = pcm -- Ecrn and ECffi + pCffi ~ Ecrn + E Cffi = M 
-- 2M Ef"'+P'lm' 2 1 2 -- 2 1 1 1 2 

one gets: 

(AM) . _ ~(mn (14)
U mID - 2M . 

For the reflections from BO -+ 7f+1f- and B~ -+ K+K- to BO -t K+1f-: (~M)min = 21 MeV. 

In the region (~M) > (~M)mill the spectrum goes as 1/(~M)2. Note that this behaviour 

does not depend on the energy spectrum of M (until (3 ~ 1). 

It is interesting to determine how the reflection is affected by the energy asymmetry cut 

discussed in the text: 1§..:E 2 < Q, 0 < a < 1. For the high-PT trigger 0' = 0.5.1 -.§1E This 
1+ 2 

requirement is equivalent to: I~Ct < X = -it < 1':0' therefore 

2 2
--(b.M)miIl < ~M < --(b.M)min'
l+Q l-Q 
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Thus for 0< = 0.5 the cut sets the following bounds for the reflection: 

1.2,------------, 
aN 

a(C>.M) 1 

0.11 

f __ ...l.- .•.•0.6 

0.4 

0.2 

ooLJLlliS1~3~ci=::::t::=:J6 
b,M 

Figure 8: Reflection from two body decay. One unit on b,M axis is equal to t!>.~:'J.. The 

region selected by the energy asymmetry cut I~:~~:I < 0.5 is hatched. 
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