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Abstract

The Crystal Ball collaboration has measured the energy spectrum of elec-
trons from semileptonic B meson decays at the ete™ - storage ring DORIS 1L
Branching ratios and semileptonic widths have been measured using several
models for the hadronic matrix elements. The branching ratio for semilep-
tonic B meson decays into a charmed state X, has been found to be BR(B —
evX.) = (11.91 0.4 0.7)% independent of the model used. The result for the
Kobayashi - Maskawa matrix element | V] is 0.054 £ 0.005 1 8.005. The result
obtained with the different models varies by at most 0.004. Upper limits on
|Vis/ Vi) have been obtained. The weakest upper limit of [V /Ves) < 8,26 is
obtained using the model by Grinstein et al. with data of electron energy
E, > 2.4 GeV, In addition we identify the decay B - evD*, D* — 2% X
and obtain a lower limit en the ratio of branching ratios

BR(B — evD")

0.4 at 90% C.L.
BR(B = v D*) = BR(F = evD) ~ Ot 2t 9%

*Extended version of a talk given the 22"% Rencontres de Moriond Les Arcs, France, March
8-15 1987.

Introduction

The T(45) resonance is an ideal system to study weak decays of b quarks. because
the T{45) resonance - which lies above the open b quark threshold - decays entirely
into BB meson pairs (2. A b quark in the B meson decays into a ¢ or u quark
emitting a virtual W boson. which then can disintegrate weakly into a an electron
and its neutrino. The differential energy spectrum dl'/dr {2 = 2E./m,) of the
electrons depend on the spin and mass of the individual final states in the charmed
channels X ( « = D,D"...) and the u quark channels XJ (j = =,p...}. It can be

written

dT'(B — evX) I'(B — evX}) dT(B — erXi)

= r’Zm— Vol X2 )

Integrating dI'/dr over the normalized electron energy = results in the total semilep-
tonic width T'. This width should be about the same as that obtained from the .
free quark ( f.¢.) model. Hence for the channel b—c ! holds the equation [3] :

BR(B — ev D, D*, )
TB

[Vl ZF(B — evX})

T = A

(2)

Il

Gimy
192x3
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- T m,
[Va*Tya (b — eve) = [Val? f(—)
my
with f{z) =1 — 822 4+ 82% — 2% — 242%Inz.
Knowledge of the electron energy spectra dI'/dx for different final states — or the
branching ratios BR and the B meson lifetime 15 ~ allows the determination of

the Kobayashi-Maskawa 4] matrix elements |Vy| and |Vis|.

Data analysis

The Crystal Ball {1} detector at the storage ring DORIS II has been used to mea-
sure the inclusive electron energy spectrum from B meson decays. The detector
has been decribed in detail elsewhere |5]. Briefly, it consists of 672 Nal{T#) shower
counters which detect photons and electrons with good spatial and energy reso-
hution. FEach shower counter has the shape of a truncated triangular pyramid
pointing to the e¥e™ interaction point and is viewed by a phototube. The Nal
counters form a sphere of 16 radiation length thickness covering 9371 of 47 solid

angle. Two holes are left for the beam pipe. An additional 5% of 4r is covered

for b—u a similar equation holds with ¢ replaced by u and D, D* by x,p



by Nal{T/) end-caps. Charged particles are detected in a set of 800 proportional
tube chambers assembled in 4 cylindrical double layers around the bam pipe.

The data analyzed are equivaient to an integrated luminosity of 75.6 pb~! on
the T(45) (645904 1300 produced T({45) events ) and 18.5 pb~! in the continuum
below the resonance.

Hadronic events are selected by removing background due to beam gas inter-
actions, cosmic rays, 2 - photon induced events and QED events. The remaining
data sample contains contributions from the Y(45) and the continuum production
in a ratio of ~ 1/3.8. A bump crystal is defined by a local maximum of energy
deposition in the crystals. We demand the number of bumps to be > 7 and the
Fox-Wolfram event shape parameter H2 {6}

_ T EiBi{3cos o ~ 1)

H2
2AL EY

< 0.55 (3)

where E; is the energy deposited in the bump crystal i and « is the angle between
bumps. Only bumps in the main ball exciuding end-caps are used. These cuts have
almost no effect on T(45) events, but cut away almost all 77 and remaining QED
events. The electron candidate in the hadronic event has to be tagged in the pro-
portional wire chamber. Its pattern in the Nal Crystals has to be consistent with
the lateral energy distribution of a single electromagnetically showering particle.
Besides electrons from b—c (intensity €) and b—u (intensity &) transitions,
those from c—s (intensity S) are present. In addition the following background

sources contribute

& hadrons and photons faking electrons (intensity B): we measure the hadronic
contribution by the different energy loss in the wire chamber compared to
that of electrons. The coutribution from photons are determined by mea-
suring the neutral energy spectrum and scaling it down by the conversion
probablity in the beam pipe and chambers. The conversion probability is
obtained by analyzing ete” — 7 events.

» contribution frém the continuum production (intensity K): for this contribu-
tion we take a smooth function, which is obtained from a it to the continuum
dats. The intensity X is scaled by the ratio r of T{45) /continuum lumi-

nosities.

All contributions are shown in figure 1 . The efficiency corrected and background
subtracted spectrum normalized to the number of produced B mesons is shown in

figure 2.

As we want to measure b—¢ and b—u contributions only, we use the data
above E. = 1.5 GeV., where the c—s and fake electron contributions are small.
Using the data below E. ~ 1.5 GeV would require a very accurate knowledge of
the background and the e—s intensities and shapes. In order to extract branching
ratios we have to use theoretical predictibns on the shape of the spectra. For fitting
to the observed electron energy spectrum {figure 1) these predictions are boosted
to the T(45) restframe, corrected for detection efficiency and energy resolution.
We then perform a maximum likelihood fit simultaneously to the binned Y{45)
data N“""’(-E,] = A,. and to the binned continuum data M®(E.) = M,. The
likelihood function is defined by:

e ™1 R (B -~ Bn)® (K—r-Ke)
L= I.-I(_T"!—) x ];I(—M?i—) X exp(AT) x up(,T)
(4)

Here the first and second term represent the likelihoods for the T(45) and contin-
wum data. The 3. and 4. term form contraints, first to the brackground intensity
B by the measured background intensity B,.. The second constraint restricts the
intensity of the continyum contribution K to the measured product of continuum
intensity K¢ times the luminosity ratio r.

Y(E,} = Y; is the functional form accounting for the observed electron spec-
trurn from the T(45) data

Y(E,) = C(b—e) + U(b—u) + S(c—s) + B(backg.}) + X E(e,8,7,4) (5)

and V{E,) = V, is the functional form accounting for the observed electron spec-

trum from the continuum data
V(E.) = K¢ E(a,B,7,§) (6)

where £ = exp(aE! + BE? + 1E} + §E}) (N

The intensities C,B,4,5,K,K, and continuum parameters o, f,7,6 are deter-
mined by the fit. As the background (B) and the ¢—s (§) contributions above
E, = 1.5 GeV are small and rather similar in shape the intensity B is not deter-
mined by the fit: a higher intensity B would be compensated by a smaller c—s
intensity § and vice versa. Therefore the value of the intensity B does not influence
the b—c and »—u intensities C and i, but only the c—s intensity S.

The paramneters a,3,+,6 sre determined by both, the T(45) data nnd the
continuum data. This method is useful, as we have only a small continuum data

sample. The continuum contribution in the T{45) fit is constrained in shape



and intensity by the data between E, = 2.6 GeV and 4 GeV where no other
contributions exist. This methed gives confidence in the function representing the
continuum contribution. The result agrees well with the predicted shape from the
fit to the contivum data alone. For the intensity of the continuum contribution
we find, that the fitted value K is within 0.08% of the expected value r x Ko from
the luminosity ratio, with oy /K = 1% used in the constraint (4).

To comprare results from different fits we calculate a x” according to [7} from
the result of the fit: X,
¥;

=23 - N N ) (8)

Models used to determine BR(b—c) and BR(b—u)

The first model, which we use to calculate branching ratios, is a modified free
quark spectator model by ACM et al. [8]. In the free quark spectator model the
energy spectrum? dF,,/dx is given by:®

dl o /dz = |V, *dl/dz =

Gimf 2%l 2* -z} [(1 - 2)(3 - 22) + (3 — )7’
967 o)

[Vaa® (9)

where £ = my./m, and z = 2E, /m,. Boundstate effects of the b quark together
with the spectator mass m,, inside the B meson are modeled as follows: the b
quark is assumed to be moving with momentum 7 inside the meson, where p is
distributed Gaussianly in all 3 coordinates:
av(i) _ A It I 10)
TV - Ry

Together with the spectator quark the b quark forms the B meson of mass Mp.

Energy and momentum conservation yields for the b quark mass
my = M} + m}, — 2Mpg/|pi* + m2, . (11)

The electron spectrum is obtained by boosting the spectrum (9) with momentum
|#) of the b quark and the momentum of the B meson* = 0.325 GeV/c. Obviously
the theory has some free parameters, namely m.,m,, Pr,m,,. The B meson mass
is taken from other measurements [8]. As the term M} = (5.280 GeV/c*)* is much

Dbizger than the mass of the spectator m?, ~ {0.15 _GeV,"c’}’, this m,, contribution

2dT'p is obtained by replacing ¢ by «
*integrating (9) over x resulis in formula (2) .
g higher B meson momentum results in a harder electron endpeint spectrum,

can be neglected. The spectator mass in the argument of the root can be absorbed
in an effective change of the momentum Pr.

As we find only = small #— u contribution - see next chapter — we cansot
determine the u quark mass m, with our electron spectrum. Therefore we deduce
upper limits on b—u for a fixed v quark mass of m, = 150Mel’/c?, as used in
the paper by ACM. But in addition we give the dependence of the upper limit on
b—t /b—c as function of the u quark mass.

Hence we treat only 2 parameters, the Fermi momentum Pr and the ¢ quark
mass m.. as unpredicted and free in the fitting procedure.

In addition QCD corrections are applied. The correction
@lz.r) = 1~ 20,G(z.2)/37 has to be multiplied with formula (9). For non-zero
quark masses (= > 0} G does not depend on x, and can therefore be factorized.
G is tabuiated in the litrature {10]. With a strong coupling constant a, = 0.24
we obtain for the b—u channel [ Q{0.15/5,z)dr = 0.82 and for the b—e¢ channel
f@QU1.6/5,z)dz = 0.88. These corrections will be used for ACM’s model when
calculating ¥V, and ¥, from the measured branching ratios.

The next model is the non-relativistic constituent guark model by GIW [3].
The calculated transition rates {15,1P,28) saturate the free quark prediction in
the case of b—c . For b— u , mass states up to 2.5 GeV/e? are taken into
account, but half of the predicted free quark rate is missing. As higher mass
states will contribute only to electron energies below = 2.2 GeV the predicted
inclusive electron energy spectrum is only valid above ~ 2.2 Gel. Hence we use
the b—u prediction for the calculation of branching ratios above E, = 2.2 GeV only,
AW [16] have applied corrections to formfactors in GIW’s model in the B — evD*
channel. These corrections result in a significantly smaller predicted semileptonic
width Tu(AW)/To{GIW) =~ 0.68. The predicted spectra B — evD and B —
¢vD* are very similar in shape. The superposition of the single predictions will
therefore change only in size but not in shape. Hence the results obtained in this
analysis will scale with the change of the width.

The third model by WSB {11] uses relativistic bound state wave functions to
calculate the rates. Only transitions to D, D* and =,p (= 15}) respectively have
been caleulated. Following the arguments discussed above, this implies a lower fit

limit of 2= 1.7 GeV for the b—c transitions and ~ 2.3 GeV for b .



Results on the Ratio of Branching Ratios b—u/b—c¢ and
Van/ Vsl

As we do not find a significant b—u contribution we calculate 90 % C.L. upper
limits on b—u/b—c . They are shown for the different models in figures 3 and 4
as a function of the lower fit limit.

Using ACM’s model with free Pr and m, we get an upper limit BR(E —
evX,)/BR{B—evX.) < 4.5% or |Vs/ Ve < 0.147 at 90% C.L. The best fit values
for those parameters are: Pp = (388 4 52} MeV/c and m, = (1607 X 46) MeV/c.
Using equation {11) we obtain for the b quark mass an average value < my =»=
(4.85 + 0.68)GeV/c? where we used lﬁ\ = Pr.

Figure 5 shows the upper imit obtained by the same procedure but for various
values for the u quark mass m,. For higher masses the upper limit gets weaker.
because the predicted spectrum becomes softer and comparable to the spectrum
from b—c decays. A v quark mass m, = m, would results in no upper limit as the
b—c and b—u predictions are identical. For u quark masses below 400 MeV/c?
the upper limit is independent of m,.

To get b—u/b—c values independent of the measured b— ¢ contribution we
increase the lower fit limit to higher energies, where the b—e contribution becomes
smaller and goes to zero above E, = 2.4 GeV. We fix all the parameters to the
best values previously found (besides the b—u intensity if). We obtain an U.L.
BR(b— evu)/BR(b— evc) < 5.4% or |[Vis/Va! < 0.16 at 90% C.L. independent of
any measured b—c contribution (see figures 3 and 4).

As the GIW meodel has no precise prediction for & — u with B, < 2.2 GeV, we
proceed in the following way: we determine the intensity C of the b-sc transition
for electron energies E, > 1.6 GeV together with a free bou intensity i/, then fix
the b—c intensity C, background B and continuum contribution K. and then find
the upper limit on

BR(B — evX(15,1P,25), v
BR%B = euXElS,IP, zs))c)) <4.6%or|
for the spectrum above E, = 2.2 GeV (see figures 3 and 4}

%! < 0.216 at 90 % C.L.
Ve

For electron energies E. > 2.4 GeV, where the b—c contribution is 0 we find
BR(B — evX(15,1P,25),) Vs
. i 0.257 at L.
BR(B—'evX(IS,lP,ZS)C)<65%0r V.:bi< at 90 % C.L
Using the WSB model results in an upper limit on

BR(B — evm,p)
BR(B — evD,D*)

v
< 2.6% or ]V—uhl < 0.14% at 90 % C.L.
b

using the data above E, — 2.3 — 2.4 Ge V.

Results on the Branching Ratio B — erX, and |V |

If the b—u contribution would not be small. it would be incorrect to measure the
inclusive b--c intensity with the models by GIW and WSB, which do not fully
predict the b— u spectrum at lower electron energies where the b--+ ¢ intensity
is determined. Fortunately, the b—u contribution is small and we can calculate
the branching ratic BR(B - ev X, and Vi using all 3 models. With free b—u
contributions. which are not significant and therefore only quoted for completeness,
and a B wmeson lifetime of r5 = (1.13 £ 0.14) % 10~ *2see [15] we get the result of
rable 1.
Table 1. Results on BR(B — evX,) and |V!

BR{(B—ewX.) |Va boufboe ¥
Model O 10?2 102 D.o.F.
I GIW ; X=(15,1P,25) ‘ 119+04+07 43+05+£05 20+1.3 39.9/42
| GIW + AW | 5.2+ 0.5+ 0.5
\ :
| WSB : X = (15) 108+04+07 56+05+05 005  39.8/38,
ACM ,120=05=07 54+05+40 1.6+£16 39.2/40

.~ Pr and m, free, best
- Pp = (388 = 52) Mel/je
m. = (1607 = 46) MeV/c?

The errors quoted are: statisiical and systematic for the branching ratic mea-
surement and experimental and theoretical in the case of [Va!.

The experimental error of Vi is calculated by adding the statistical and sys-
tematic error and that of the the B meson Lifetime in quadrature. It is dominated
by the B meson lifetime measurement.

The size of the theoretical error in the determination of Vi3 with ACM’s model
is due to the smeared b quark mass.

If we assumne that the higher spin states — which have not been calculated - add
10% to WSB's branching ratio we get very similar results for the total branching
ratio: BR(B — evX.} = {11.9 + 0.4 + 0.7)% for all three models.

Figure 9 illustrates the shape of spectra from the different theories used. Only
those parts of the calculated spectra are shown, where the predictions are complete.
Although the amplitudes of the b—¢ predictions differ by a factor of 2 2 the shapes
of the spectra are very similar. The AW correction has not been applied to GIW’s



maodel in the plots. Figure 10 shows the f--c specira normalized ro 1 for ACM and
GIW. WSB model has been normalized 1o 0.9 assning. that the missing higher
spin - and mass - states will contribute - 10% to the spectrm,

The b-su specira show a difference iu shape aud ampliade. This is the reason

for the different upper limits ohrained with the 3 wodels.

Comparison with other Experiments

Comparison with results from ARGUS {12} {13]
e . BRB - v X{15.1P.25), "
ARGUS quortes an upper it on g ér';'\il_S?I_’h'_T_‘fj;i; R
obtained with GTW’s model in the electron energy range E, - 1.6 Gel'. With a
modified free quark spectator model and a Hmited data sample of 12pb™! ARGUS

gets & branching ratio BR{B — (X1 = (12.0 = 0.9 = 0.8)7.

Comparison with results from CLEO [2]

Beside other models they used ACM's model with a fixed parameter setiing of
Py == 215 AMeVic and m, = 1700 MeV/c®. They get an upper limit of
BR(B - evX,)
BR(B — evX,)
A branching ratio BR(B — e X} = (11.0=02 < 1.6)% is measured. Using the

« 2.7%. at 90 % C.L.

same fit parameters the Crystal Ball experiment obtains
BRIB — ¢vX,)
S TN s 28% at 90 % CL.
BR(B — evX.) catEm

and BR(B — evX,) = (11.0 = 0.4 = 0.7)% with a A\ D.o.F: = 43/42 - a very

stmilar result.

Comparison with results from CUSB [14]

Using ACM’s model with a fixed parameter setting of Pr = 150 MeV/c and
m, = 1700 MeVic? an upper limit of
BR(B — evX.)
BR{B — evX.)
is obtained. A branching ratio BR(B — evX.) = (9.0 + 3.0)% is measured.
Doing the same we obtain 7
BR(B — erX,)
BR(B — evX,)
and BR(B — evX.) = (10.7T = 0.4 £ 0.7)% with a x*/D.o.F. = 52/42.

< 5.5% at 90 % C.L.

< 1.5% at 90 % C.L.

Result on the Ratio of Vector to Axial Coupling
We use the decay chain B — «vI — eDr® to measure a ratio of the axial and
vector couplinugs

7= BR{B — evD"})
"~ BRIB — ¢vD*y— BRIB — evD)

For this analvsis we used Y45 data equivalent 1o & luminosity of 92pbt.

B meson decays are tagged with electrons with E, > 1.8 GeV. This high cut
value ou the electrou energy implies that first of all no other (charmed) mesons
besides I? and D will contribute. Oun the other hand E, is small and therefore
the D* recoils against the electron. resulting in an approximately 2 body decay
signature.

The decay D* — D#° is tagged by a slow 7°. Due to the small mass difference
{ mpe — mp = 140 MV ¢ ) the 7° momentum in the D* rest frame is small,
po =~ 40MeV/c. Boosted by the I* momentum the 7® preserves approxitnately
the D" direction and is therefore expected to be found opposite to the electron
direction and with rather small momenltum (pxe < 240 MeV/c). )

Figure 6 shows the two photon mass AL, distribution for events with at least
one electron of energy E. .- 1.8 GeV" and with the momentum of the 47 system
in the range 30 Mel e - pa. = 240 Mel/c. A clear 7° signal is visible, but on
top of a large combinatorial background. An accepted 7% has to be in the 44 mass
range indicated by the dotted window in figure 6.

Figure 7 shows the distribution of the angle between the fast electron and the
reconstructed slow 7°. We observe a signal at cos{¢,7%) < —0.9 with a statistical
significance of 17]

N — Npockground - 120 - 78
- Buckground = -390

T — Toq
vV N Background + {6 N Background)? VBT .47

The events from the M, sidebandsin figure 6 are used to measure the bnckground
below the signal. We perfom a fit with a quadratic polynominal to the cos(e, m°)
distribution of events from the M. . sidebands. After subtracting the fitted poly-
nominal backgronnd from the distribution shown in figure 7 we get the cos(e, #0)
distribution in figure 8, Also shown as a histogram is a prediction based on the
model by GIW 3] for the decay chain B — evD* -+ evDx®. The normalization
of the Monte Carlo caleulation corresponds to R = 1, i.e. B decays into D* exclu-
sively. The decay of the D and the second B meson are modeled with the Lund



Monte Carlo program i18 with updated branching ratios {19,. The efficiency to
reconstruct the 7° in the decay D* — D#® comes out to be ~ 15%.

To calculate the ratio R we measure the branching ratio BR(B -» e~ D*) and
the inclusive branching ratio BRIB = v X) above 1.8 Ge} assuming that only
D and D" are produced. Extrapolating from E, > 1.8 Ge¢V™ to the full spectrum
we obtain the preliminary result R = 1.2 £ 0.5 = 0.4, Note. that our estimate
of R is the result of two independent measurement. namely BR(B — evD") and
BR(B — evX). Therefore R may fluctuaie above 1 within experimental errors.

The first error arrises from statistics only. The second, systematic error in-
cludes the uncertainty in the branching ratios D* — Dn®, in the angular distribu-
tion of the expected (e, 7°) signal. as well as the uncertainty in the extrapolation
of the measured fraction of the I, D" branching ratios to the full electron en-
ergy range. Also contained in the systematic error are theoretical uncertainties
estimated by comparing model predictions from GIW [3]. WSB 6! and Chau ef
al. {20,

Our measurement on R is translated into a 90 % C.L. lower limit of R > 0.4.
This is obtained from an integration of the likelihood function over the physically
allowed range 0 < R < 1 including the influence of the systematic error.

Conclusions

With the Crystal Ball detector we have measured the inclusive electron spectrum
from T{45) decays. Using 3 different predictions a branching ratio BR(B —
erX.) =(11.9 £ 0.4 + 0.7)% independent of the model has been obtained.

The result on the Kobayashi - Maskawa matrix element |V,,| varies from 0.043
to 0.056 using the 3 models dueto the different predicted total semileptonic widths
although the predicted shapes are nearly the same. Applying the AW correction
to GTW’s model results in a change of V,, 0,043 to 0.05. Taking the corrected value
all three models agree within errors. Hence we get {Vs| = 0.054 4+ 0.005 & 0.005.

For the ratio of [V,;/V,| we obtain an upper limit dependent on the model
used. WSB and ACM give & conservative U.L. of {V,3/ V4| < 0.15 at 90% C.L., if
one uses the data above E, = 2.4 GeV where the b—¢ contribution is zero.

GIW gives a significantly weaker upper limit, due to the softer spectrum in
the b—u channel and due to the bigger semilepionic width predicted for the b—c
channel.

In addition we identify the decay B — ev D", D= 7%, X and obtain a lower

10

limit on the ratio of branching ratios

BR{B - exrD*)

> 0. % C.L.
BR‘B—‘ﬂ‘D'l*BRfB—;wD;> 4 at 90% C

Note added in proof-reading

The Argus collaboration has reported on July 21, 1987 the observation of the
decays B~ — ppn~ and BY — ppn” 7~ thus having given an evidence for b—u

transitions. They estimate a lower limit on 'V, /15 > 0.07.
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Figure Caption

1 The measured electron energy spectrum on the Y(45) resonance. The predictions from
" ACM shown are corrected for detector response.

2 Inclusive electron energy spectrum, corrected for efficiency and background contribu-
tion; normalized either to the number of produced B mesons (left hand scale) or to the
integrated luminosity (right hand scale). Predictions are from the ACM model.

3 Upper limit on BR(B — evX,)/BR(B — evX.) for different models and fit ranges.
Open circles are for comparison only, as they are outside the valid fit range. For GIW
and WSB only some fina} states have been calculated and therefore X = (15, 1R,25)
for GIW and X = 15 for WSB

4 Upper limit on (V/ Ve for different models and fit ranges. Open circles are for com-
parison only. as they are outside the valid fit range. )

5 Upper limit on BR{B — evX.,)/BR{B — evX,) using ACM’s model for different
quark masses. The curve is a smooth function fitted to the points, to guide the eye.

6 M., for events with a fast eleciron and a slow x°. The bins containing the 7° and the
sidebands are indicated.

7 Distribution of the angle between a fast electron a slow =0,

8 Angle between electron and 7° after background subtraction. The histogramisa predic-

tion by GIW for the decay B — evD* — evDx®. The Monte Carlo calculation assumes
B — erD" only (R =1).

9 dT/dE, as predicted by theory. boosted to the T(45]) rest frame, smeared with the
detector resolution.
1.solid : ACM; 2.dashed-dotted: GIW; 3.dashed: WSB.
Only those parts are shown where the predictions are complete

10 dT/dE. as predicted by theory, boosted to the Y(45) rest frame, smeared with the
detector resolution. l.solid: ACM normalized to 1.; 2.dotted: GIW normalized to 1.;
3.dashed: WSB normalized to 0.9,

Only those parts are shown where the predictions are complete
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