LHCb-note 2006-058

6 November 2006

Selection of BT — Dzt and
BT — D'uty, to control flavour

tagging in LHCDb

E. Aslanides, J. Babel, J. Cogan, R. Le Gac, O. Leroy , S. Poss and A. Tsaregorodtsev

CPPM, IN2P3-CNRS et Université d’Aix-Marseille 11

Abstract

The channels BY — D% and B* — D%itv, are studied in both signal and generic
bb Monte Carlo. With an integrated luminosity of 2fb™!, we expect 1 million Bt —
DOzt events triggered and selected with B/S=0.1 and 2.4M BT — D"y, events with
B/S =0.7. These channels are useful to calibrate the opposite side mistag fraction. With
only 0.1fb~! we expect a relative uncertainty on the opposite side mistag of 0.6%.
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1 Introduction

LHCb will measure B-meson CP asymmetries in order to extract fundamental parameters
of the Standard Model, like the CKM phases «a, 3, v and ¢5. One mandatory step is to
determine the flavour of the B-meson at the time of its production. This “favour tagging”
is performed with an algorithm [1] exploiting information from the “same side” and the
“opposite side” with respect to the B-meson entering in the CP asymmetry. The mistag
rate has to be extracted from “control channels” with flavour-specific final state. Many
channels have already been studied in LHCb like B — D7t [2], BT — JRK™ [3] and
B%— D*~p*w,. In this note, we propose two new Bt modes useful to measure the opposite
side mistag rate: Bt — D%yt and BT — DOz [4]. They are interesting because of their
large visible branching ratio and because the charge of the final state should allow an easy
measurement of the mistag rate, provided the background is under control. At the end,
the best precision on the mistag rate will come from a combination of several channels.

In Section 2, we present the simulation used to produce signal and background events.
In Section 3, we describe the selection of the events including the proper time measure-
ment. Section 4 is devoted to the event yield for one year of data taking as well as the
estimation of the background over signal ratio. Eventually, in Section 5, we explain how
useful these channels are to measure the opposite side mistag.

2 Monte Carlo event samples

The topologies of Bt — D7+ and B* — D%u*w, are indicated on Figs. 1 and 2. For
sake of simplicity, we only reconstruct the D° into KT7~, which represents 3.8% of the
DO decays.

The events are simulated using PYTHIA 6.226 [6]. The decay of particles is performed
with the EvtGen program [7|. The particles are tracked through the detector material
using the GEANT4 package [8], and the Gauss program [9]. The digitization is done with
Boole [10] and the reconstruction with Brunel [11]. The events are analysed with DaVinci
v12r18 [12] and Bender v4r8p5 [13].

We use two signal and one background samples!:

e 242,000 Bt — D7t events;
e 199,500 BT — D%yt v, events;
e 33.9M inclusive bb events;

The particle of interest (i.e. the signal-b hadron or one of the b-hadrons in the inclusive
bb events) is required to have a true polar angle smaller than 400 mrad. The sample sizes
mentioned above are given after this requirement. The efficiency of this angular cut is
£5=34.7% for signal B events and }=43.4% for inclusive bb events.

'In the Bookkeeping database, the signal corresponds to the configuration “DC04-v2r3” while the
background configuration name is “Stripping-v2.”
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Figure 1: Topology of the BT — D% decay.
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Figure 2: Topology of a B* — D°u*v, decay.

The exclusive visible branching ratio of the channels of interest are [5]:

BR"S(Bt— D*) = BR(D°— K*7~) x BR(B* — D)
= 3.8% x 0.498% (1)
= 1.89 x 1074,

BRY*(BT— D%*y,) = BR(D'— K*7~) x BR(B*— Du*v,)
= 3.8% x 2.15% 2)
= 817 x 1074

In comparison, the highest visible branching ratio of the BT modes studied so far in
LHCb is: BRV®(BT — JK*) = 0.68 x 1072



3 Events Selection

The selection algorithms are designed to select the largest number of signal events, while
keeping the background level under control. The reconstruction of the primary vertex
candidates is described in [14] (page 88).

3.1 Selection of Bt — D%t events

Figures 3 to 10 show the distribution of kinematic variables of interest to discriminate
signal from bb background events, with some very loose preselection cuts?. In all the
plots, the distribution of signal and background is normalized to unity, for comparison.
We select two opposite charge tracks identified as pion and kaon (Aln Lk, > —5.0) and
fulfilling the cuts indicated in Table 1. These tracks must form a vertex with a x? < 25.
The invariant mass of the K7~ pairs is shown on Fig. 11 . It is required to be within
50 MeV/c? of the nominal D° mass. The resolution is 6.8 MeV/c2. The reconstructed D°
should have transverse momentum pr(D%)> 1 GeV/ec. It is associated with a charged pion
to form a BT candidate. We call this pion 7; to distinguish it from the pion coming from
the D°.

‘ variable ‘ cut ‘
pr(KT, n7) > 0.3GeV/e
p(K*,77) > 2GeV/e
ippv/U(ippv) (K+, 7T_) > 2
XA(KTr™) < 25
m(K*7r~) = m(D°% | & 50 MeV/c?
pr(D°) > 1GeV/e

Table 1: Cuts applied to reconstruct D° — K7 .

The final selection cuts are indicated in Table 2. The pion m; must have momentum
greater then 10 GeV/c and a transverse momentum greater than 2 GeV/c. The recon-
structed D° should have momentum, p(D®) > 20 GeV/c and a transverse momentum,
pr(D%) > 2.5GeV/c. The obtained D’ vertex should have a x? < 6 and being at least
1 mm downstream of the primary vertex along the z direction. We also require that the
reconstructed D° vertex is downstream of the reconstructed D%z vertex: z(D°) > z(Dr).

The B candidate should have a momentum vector pointing back toward the primary
vertex. A vector 7 is constructed from the positions of primary and D%r* vertex. This
vector is expected to be collinear with the momentum vector p(D°7T). A cut on

cos(8) = PRI
O [ i

removes a large fraction of background, while retaining most of signal events, as shown
on Fig. 9. The impact parameter significance of the B* candidate with respect to at least

2Standard loose D selection described in this section, x2(D°z*) < 20 and m(D%z*) = m(B+) +
600 MeV/c2.



one primary vertex must be lower than 4. Eventually, we ask the D°z* invariant mass
to be compatible with the BT mass within £50 MeV/c?. Figure 12 shows the distribution
of this invariant mass, obtained on the Bt — D% sample, fitted with a Gaussian. It is
centered on the nominal BT mass and the resolution is 16.3 MeV/c?. Figure 13 shows the
same distribution, obtained on the bb sample, where the mass cut has been relaxed to show
the partially reconstructed decays, in the lower region. These decays with intermediate
resonant D-meson could certainly be exploited for tagging, in a future study.

| variable | cut |
pr(m) > 2 GeV/e
p(m) > 10 GeV/e
pr(D°) > 2.5 GeV/c
p(DY) > 20 GeV/e
x2(Donr ) <6
z(D%) — (D) > 0mm
2(D7) — z(primary vertex) > 1mm
cos > 0.99997
ipp\/_/O'(ippv)(BOW+) <4
m(D%r ™) = m(B™T) + 50 MeV/c?

Table 2: Cuts applied to reconstruct Bt — Dor; .

The final selection keeps 8957 events among 214,0003, corresponding to an efficiency
of 4.19 + 0.04%. Among those, 5101 fulfill Level-0 trigger criteria and 3951 pass Level-0
and Level-1 trigger. The trigger efficiencies are respectively £10=5101/8957=56.9 + 0.5%
and €1,0x1,1=3951/8957 = 44.1 + 0.5%. The total selection efficiency after L0 and L1 is:

it = 3951/214000 X &5
= 0.6440.01%

Figure 14 gives the momentum resolution which is 0.3%. Figure 15 shows the B*
vertex resolution along the three axis. The core of the resolution is typically 17 ym in z,y
and 192 ym in z. The proper time of the B* candidates is computed with:

=" )

p
where [ and p are respectively the decay length and the momentum of the B* candidate.
The proper time resolution is given in Fig. 16. It is fitted by the sum of two Gaussians.
The standard deviation of 92% of the events is 41fs, while the tails have a standard

deviation 184 fs.

3.2 Selection of Bt — D%y, events

The D° is reconstructed with the procedure described in the previous section. It is as-
sociated with a charged track identified as a muon (AlnL,, > —15). The B* can not

3For technical reasons of data access, we run only on the sub-sample of the 242,000 generated events.
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be fully reconstructed because of the neutrino which escapes detection. Figures 17 to 19
show kinematic variables of interest to discriminate signal from bb background events.

The selection cuts are summarized in Table 3. The muon must have p(u) > 10 GeV/e,
pr(1) > 2 GeV/e and an impact parameter significance with respect to all primary vertices
greater than 2. The D° must have p(D°) > 15GeV/c and pr(D%)> 3 GeV/e. The Du*
vertex must have a x2 < 6 and must be at least 1 mm away of the primary vertex in
the z-direction. The impact parameter significance of the B* candidate with respect to
the closest primary vertex must be smaller than 4. Figure 20 shows the invariant mass
distribution of the D°u™ pair, obtained on the B* — D%"v, sample. The cut on this
mass, 3.5 GeV/c?< m(D°u")<6GeV/c? is very large, because of the missing neutrino.
Figure 21 shows the same distribution, obtained on the bb sample, where the mass cut
has been relaxed.

The final selection keeps 981 BT — D°uTv, events among the 199,500 generated,
corresponding to an efficiency of 0.49 4+ 0.02%. Among those, 720 pass the Level-0 and
Level-1 triggers, corresponding to an efficiency of e1,9x1,1=73.4+1.4%. The total selection
efficiency after Level-0 and Level-1 is:

Eror = T720/199500 X &5
= 0.125 +0.005%

variable | cuts |

(i) > 2 GeV/e

(1) > 10 GeV/e
ippv/o(ippv) (1) > 2

pr(D?) >3 GeV/e

p(DY) > 15 GeV/c
o) <6

2(D°ut) — z(primary vertex) > 1mm

ippv/o(ippv)(D°ut) <4

cos > 0.99995

m(D°u*) € [3.5,6] GeV/c?

Table 3: Cut applied to reconstruct Bt — Dyt v,

To account from the missing neutrino, we correct the reconstructed momentum of
the D°u* object. The correction term is a function of the D%y invariant mass: a high
D% mass means a low momentum neutrino. Figure 22 shows the correlation between
p(D°u™) /pirue(BT) and the m(D%u™) invariant mass. It is adjusted by a first-order poly-
nomial function f(mgo,+). The BT momentum is corrected as follows:

-|-) — pnot cor (ﬁolj'—i—)

Peor (Dt
( Flmoos)

The momentum resolution after this correction is 17%, as shown on Fig. 23. The proper
time is then computed using Eq. (3). The proper time resolution is shown on Fig. 24,
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fitted with the sum of two Gaussians. The standard deviation of 61% of the events is
149 fs, while the tails have a standard deviation of 613 fs.

4 Event yield calculation and background estimate
The annual event yield is given by:
S = Lin X o,z X BR(b— B") x 2 x BR"® X gi4. (4)

The nominal annual integrated luminosity is Ly =2fb™! (107s at 2x 1032 cm™2s7!). The
bb production cross section is oy = 500 ub. The probability for a b-quark to hadronize
into a BT is BR(b— B*)=40.5% [7]. The factor 2 takes into account the production of
both b- and b-hadrons. BRY® is the product of all branching ratios involved in the b-
hadron decay of interest; €, is the total efficiency, including acceptance, reconstruction,
trigger and selection.

4.1 BT — D%t

The annual yield of Bt — DO event is computed with Eq. (4) and &4,,=0.64 + 0.01%.
We expect 1 M triggered and selected events after Level-0 and Level-1.

The estimation of the level of background is based on 31.4 M bb events*, which cor-
responds to few minutes of data-taking in nominal conditions. To cope with this limited
Monte Carlo statisitics, the background studies are performed without applying the trig-
ger. Among the 31.4 M of bb events, 188 events pass the selection, 166 of which are signal
events. This corresponds to a background over signal ratio of:

B_ 2 =0.13+0.03
S 166 o
The 188 events are classified in Table 4. The level of background in Bt — D% is
very low. The main background is B¥ — DK™, which branching ratio is 10 times smaller
than BT — D%*: BR(BT — DK™)=4.1 x 107* [5].

4.2 B*— D%ty

In the B* — D%u"y, selection described above, only the exclusive decay has been sim-
ulated. However, other similar B* decays lead to a final state with a D° and a u™.
Bt — 5(*)OT+I/T decays where 7t — ptv,; and D™ 5 DX can be selected in the
same way, leading to an increased statistical power. We call these modes “inclusive de-
cays” and note them Bt = D%*v,. To compute BR}S (BT= D%*v,), we take into

incl

account D" (2007)°, D;(2420)°, D,(2460)°, Dy(2400)°. With the values given in Table 5,

4For technical reasons of data access, we run only on 92.6% of the full bb statistics.



Monte Carlo truth ‘ Number of selected events ‘
BT — D% 166
Bt — DK™

BT — DOt (wrong charge)
B?— D* et

BY— D* 7 puty,

BF — Jp(up)K*

Ab — AC_7T+

B0 D* Dt

B’ — D*7rtu,

Bt — pfrtn~

A= A Ty,

BT — D%*w,

Bt — pon ™

Bt — D®070507+

o= = = =N N o

Table 4: Detail of the 188 B* — D%+ candidates selected among the 33.9 M bb events.

the inclusive branching ratio of BT = Dyt is:

BR:

v (Bt= D'uty,) = BR(B*— Dy utu,) x BR(DY) = D’X) x BR(D’— K+7~)
BR(B* — D{2 r*1,) x BR(r* = ptu,7;) x BR(DYY = D'X)
BR(D’— K*+7)

0.083 x 0.038 + 0.025 x 0.1734 x 0.038

3.32 x 1072,

I x +

(5)

Among the 33.9 M generated bb events, 446 events pass the selection cuts and are clas-
sified in Table 6. Among these, 255 correspond to B = D°u*v, decays. The background
over signal ratio is:

It is about 4 times larger than the exclusive BRYS (Bt — D%t v,).

B 191
— = — =0.75 £ 0.03.
3~ 255 0.75+ 0.0

Notice that 65% of the background is due to neutral B — D*~p*v, decays.

To compute the annual yield of BF = D%u" v, events with Eq. (4), we need the total
selection efficiency of inclusive decays. In Sect. 3.2, we computed the selection efficiency
of exclusive BT — D°uty, decays: ey01(excl, from signal)=0.125 + 0.005%. We check this
efficiency is compatible with the one extracted from the bb sample:

79 x €LOXL1(6XC1) X 6’5

1, from bb) = : — =0.11+0.02%
con(exel, from bb) = o R B B x BRYE, (B — DYy, x 33.9M ’
The selection efficiency on inclusive BT = Dyt is:

_ 255 incl) x &b
£10s(incl, from bb) = X Eroxta (incl) X & = 0.09 + 0.01%

2 x BR(b— B*) x BR!S (B+=> DOytv,) x 33.9M
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BR(D'— K+7r ) 3.8%
BR(B*— D’ 1 tu,) 2.1%
BR(Bt—= D’ ,LL+I/M) 5.6%
BR(B*— D, (2420)0N+Vu) 0.44%
BR(B* — Dy 1t v,) 0.066%
BR(B+— D’O/ﬁuu) 0.29%
BR(B*— D2 /L+V“) 0.176%
BR(B*— D T+VT) 1.6%
BR(B* = D’ T+I/T) 0.7%
BR(B*— D (2420)0#1/7) 0.103%
BR(B+— D 7tv;) 0.043%
BR(B+—> D'1¢ v,) 0.158%
BR(B+— D 7tv;) 0.095%
BR(D;(2420)°— D% | 33.33%
BR (31(2420) — D17 | 45.54%
BR(D"* D ) 68%
BR(D —D'r°) 33.3%
BR(D'; — D**7™) 45.54%
BR(D D*'n0) 33.3%
BR(D - D*+ ) 14.27%
BR(D - D*° 0) 10.3%
BR(D, — D’x?) 22.9%
BR(7t— ptv,v,) 17.31%

Table 5: Values used to compute inclusive branching ratio B*= D%u*w, [5,7].

‘ Monte Carlo truth ‘ Number of selected events ‘
B*= D"y, (without Bt — D" v,) 176
BT — D%y, 79
B’= D* uty, 124
By — D7 uty, 20
By — D7~ utuy, 7
BY— K**Jipp~ 3
BY— D uty, 1
other 36

Table 6: Detail of the 446 BT — D%u*v, candidates selected in the 33.9 M bb sample.



where we measure e1,9x11(incl) = 73 £ 3% in the bb sample.
Therefore, we expect an annual yield of 2.4 M triggered and selected BT = D%ty
events per year.

5 Opposite side mistag extraction

mode annual | B/S | eos (%) | wos(%) o(wos)/wos (%)
yield from MC | from MC | extrapolated with Li,, = 2fb~!
BT — J/¢K+ 1.74M | 04 | 43.4+0.1 | 36.7+t0.4 0.15
Bt = D%tv, | 24M | 0.7 471419 |36.8+2.7 0.12
Bt— Dt 1M 0.1 || 44.7+£0.5|364+1.5 0.20

Table 7: After LOxL1 trigger and offline selection, we give the expected annual yield
and B/S estimated from the inclusive bb sample, for the charged modes BT — JRKT,
BT — D%t and B* = D°u*v,. The opposite side mistag performance (o5, wos) are
estimated from the simulation of the exclusive decays. In the last column, the relative
uncertainty on wog is extrapolated for Li,; = 2fb~!, ignoring background.

Table 7 summarizes the yield and B/S for the charged modes BT — JWK*, Bt —
DO and B* = D%*v,. The opposite side tagging efficiency, cos, and opposite side
mistag rate, wog, are estimated from the simulation of exclusive decays. The mistag
fraction is computed comparing the result of the opposite side tagging algorithm with the
flavour of the reconstructed final state®.

Figure 25 shows the evolution of the relative uncertainty on the opposite side mistag
rate as a function of the integrated luminosity, for the three charged modes. It is obtained
with the following formula:

2 wos X (1 — wos)
o(wos)” = €os X S(Lint)

ignoring the background contribution. S(Liy) is given by Eq. (4).

An integrated luminosity of 0.1 fb™! would allow the extraction of wog with a relative
statistical uncertainty of 0.6%, using B* = D°u*v, alone. In comparison, BT — JR/K*
would allow the extraction of wog with a relative statistical uncertainty of 0.7%. In
practice, the use of control channels will be decided on more complicated criteria than
just statistical considerations. We must take into account how the channels are triggered
and the phase space correlations between control and signal channels [15].

In addition, background brings other uncertainty in the mistag extraction. We will
illustrate this with the BT = D%;*w, channel. In Table 8, we give the opposite side
mistag for signal and background events selected in the 33.9 M bb sample. The opposite

5Tt is equal to the true mistag fraction measured using the Monte Carlo truth. Indeed, the muon or
pion selected in the reconstruction of B¥ — D%utwy, or BY — DOt carry the right charge in 99% of the
cases.



‘ category ‘ ‘
Background (191 events) | wds= 37.0 +4.9%

Signal (255 event) wHs= 30.5 £ 3.8%

Total (446 event) wdt=33.2 £ 3.0%

Table 8: Opposite side mistag rate of the 446 B* = D°uTv, candidates selected in the
33.9M bb sample. It is estimated comparing the charge of the p with the decision of the
opposite side tagging algorithm.

side mistag fraction, w{t depends on the opposite side mistag of signal and background,

(whs, wds), as well as the B/S ratio:

whot — whs + B/S x wgs
08 1+ B/S

Therefore, measuring the mistag ignoring the background leads to a bias, which is, in the
case of the Bt = D4t v, channel: wii—wdy = 2.7 + 3.8%.

We know that the BT = D%u*v, background is B — D*~uTv, events, at 65%. A way
to reduce the above bias is to perform a combined fit of the mistag rates of BT (wgg) and
BY (wds). For this, we build the following time-dependent asymmetry:

Nunmixed (t) - Nmixed (t)
Nunmixed (t) + Nmixed (t)

A(t) =

where Nunmixed (NVmixed) is the number of BT = D% Ty, candidates where the reconstructed
charge of the muon agrees (dis-agrees) with the result of the opposite side tagging algo-
rithm; ¢ is the proper time of the B candidates. Assuming B® — D*~p*y, is the only
background in Bt = D%u*v,, ignoring proper time resolution and acceptance, we can

write:
A(t) = fo(l = 2wds) + (1 — fu)(1 — 2wls) cos(Amgt),

where f, = 1/(1+ 2) is the B fraction in the sample. The time-dependent asymmetry
for true B* — D"y, and B® — D*~pu*y, are shown on Fig. 26. The first one is fitted
with (1 — 2wds) while the second one is fitted with (1 — 2wdg) cos(Amgt). Clearly, we do
not have enough statistics to conclude. Prospects to this study consist in showing that
the B/S, together with the mistag fractions of BT and B can be extracted from a fit to
the combined asymmetry and to the invariant mass of the D%u* pair.

6 Conclusion

We have proposed two new charged B decay modes to measure the opposite mistag rate.
With an integrated luminosity of 2fb~!, the BT — D" and B* = D°u*v, channels
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provide respectively 1M and 2.4 M events triggered and offline selected. The B/S ratio
are respectively 0.1 and 0.7. A luminosity of 0.1fb~! allows to measure the opposite
side mistag wos with a statistical uncertainty of 0.6%. Ignoring background leads to
a systematics uncertainty of few percents. A combined fit of the mixing asymmetry of
both BT and B should allow to extract the two mistag rates, provided the B/S can be
extracted from side-bands of the mass distributions.
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events.
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Figure 8: Invariant mass of the D’z pair,
in Bt — D% and bb events.
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in Bf — D" and bb events.
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Figure 11: Invariant mass of the K7 pairs. It is centered on the D? mass and the resolution
is 6.8 MeV/c?.
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Figure 12: Invariant mass distribution of D%z pair, on the Bt — D%r* sample. It is
centered on the BT mass (=5.279 GeV/c?) and the resolution is 16.3 MeV/c?2.
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Figure 13: Invariant mass distribution of D%z pair, in the bb sample. The signal peack is
clearly visible, centered on the BT mass (=5.279 GeV/c?). The contribution from partially
reconstructed decays appears in the lower mass region.
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Figure 14: Momentum resolution of B — D7 " candidates. o(p)/p = 0.3%

16



1000 & Y/ndf  170.9 / 57

750 B Nevts 4102.

E Frac 0.6397E—01

500 Mean1 0.1045E-01

: Sig1 0.1359

250 Mean2 0.1467E-03

Y T B B R 2093 01789601
-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 03 04 0.
x—x0

1000 E v/ndf 2536 / 69

F Nevts 4112,

750 E Fract 0.9330
E Meanl  —0.3838E—-04

o200 2 Sig1 0.1591E-01

250 Mean?2 —0.1739E-01

o :I 111 I 111 1 I Il 1 1 I 11 1 I S‘gz I Q/‘7/‘6
-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 03 04 0.
y—y0

800 F X' /ndf  409.2 / 73

o Nevts 4036.

600 Frac] 0.2141

400 B Mean' ~0.1575

E Sig1 1.261

200 F Mean2  —0,1740E-02

0 :IIIIIIIIJ | NI 8@2 | Q‘WQQO
-5 -4 -3 -2 2 3 4 5
z—70

Figure 15: Resolution of the reconstructed B* vertex along the z,y, z axis, in B¥ — Dz +
events.
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Figure 16: BT — D% proper time resolution, fitted by the sum of two Gaussians. The
standard deviation of the core is 41 fs.
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Figure 17: Transverse momentum distribu-
tion of the D° candidate in B* — D°u*,
and bb events.

Figure 18: Momentum distribution of the u
candidate in BY — D%*v, and bb events.
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Figure 19: x? of an unconstrained vertex fit to the D°u* pair, in Bt — D%y "y, and bb
events.
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Figure 20: Invariant mass of the D°u" pair, in the BT — D°u* v, sample.
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Figure 21: Invariant mass distribution of D%t pair, in the bb sample. The true BT =
D%u* v, signal events are also indicated.
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Figure 22: p(D°u™)/p(B true) as a function of the D°u™ invariant mass, fitted with a
first-order polynomial function
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Figure 23: B* — D4y, momentum resolution after correcting for the missing neutrino.
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Figure 24: BT — D%*v, proper time resolution, fitted with a sum of two Gaussians. The
standard deviation of the core is 149 fs
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Figure 25: Relative uncertainty on the opposite side mistag rate as a function of the
integrated luminosity, for the three charged modes: BT — D% BT — JAK* and
B* = D%*v,. The background is not taken into account.
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Figure 26: Mixing asymmetry of BT — D%u%v, and B — D*~ T, as a function of proper
time; fitted with a 0-degree polynom for the first one (1 —2wds) and (1 —2wds) cos(Amgt)
for the second, with Amg=0.502 ps~".
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