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@ Two-body nonleptonic weak hadronic decay: understand the mechanism of
charm baryons, test different theoretical models
— the Cabibbo Suppressed (CS) decays
Cabbibo suppression — B ~ 1072 - 10~* — difficult to measure
@ The hadronic decay amplitudes of A7
- factorizable
- nonfactorizable: W-exchange, internal W-emission
SCS decays containing both contributions provide information about their
interference.
Validate different phenomenological models.
Feynman diagrams of A. — pm at lowest order is shown below
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o Experimentally, the absolute BFs of 12 CF A decays were measured by BESIII
with much improved precision in 2016.
@ Various phenomenological models prediction for B(A} — nnt)/B(AF — prO):
- SU(3) flavorsymmetry model : 2
- Constituentquark model : 4.5 or 8.0
- Dynamical calculation basedon pole model and current-algebra : 3.5
- SU(3) flavor symmetry including the contributions from O(15) : 4.7
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Data Sets

@ Boss version: 7.0.6
o Data: XYZ data, E,,,, from 4.6 - 4.7GeV
e MC for single-tag(ST) efﬁciency
ete™ = AFAS, AF(AL) decays to one of the tag modes, A (AL) decays
inclusively.
@ MC for double-tag(DT) efficiency:
ete” = AFAZ, AF(AL) decays to one of the tag modes, A (AJ) decays to
p°(yy) and pn(y).
@ Inclusive MC:
- 40x ATAZ MC.

- 40x Hadron MC.
Energy point  E_,,s(MeV) L(pb~T) Run number
4600 4599.53 586.9 £ 0.1 £3.9 35227-36213
4626 4628.00 521.52 +0.11 + 2.76 63075-63515
4640 4640.91 552.41 +0.12 + 2.93 63516-63715
4660 4661.24 529.63 £0.12 £ 2.81 63718-63852
4680 4681.92 1669.31 £ 0.21 £ 8.85 63867-64015, 64365-65092

4700 4698.82 536.45 £0.12 £ 2.84 64028-64313
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Analysis strategy

@ use double-tag(DT) method, tag side: 9 tag modes, signal side:
AE = pr®(AY — pn)

Modes Absolute B (%) | subsequent B (%) | total B (%)
Af = pK— 7t 6.284+0.32 - 6.28+0.32
AF — pKY 1.59+0.08 69.2 1.1040.06
AT — Ant 1.30+0.07 63.9 0.834+0.04
A — pK—ntr 4.46+0.30 98.8 4.41+0.30
AF — pK3r© 1.974+0.13 69.2%x98.8 1.3540.06
AF — AntaO 7.1+£0.4 63.9%x98.8 4.48+0.25
AF — pKOm 1.60+0.12 69.2 1.114+0.08
AT — Artata™ 3.64+0.29 63.9 2.334+0.19
AF — X007t 1.2940.07 63.9 0.82+0.04
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Event Selection

Good Charged Tracks e 3
J Kj reconstruction

@ |V,:| < lem, |Vz| < 10cm, |cosf| < 0.93

@ A pair of charged tracks with opposited charge:
|V2] < 20cm, |cosf| < 0.93

@ p p()>p(), p(p)>p(K) @ Second vertex fit, L/5L > 2

2
® 7 p()p). P p(K) © 0.487 < Mg < 0.511GeV /e
@ K :p(K)>p(p), p(K)>p(m), p(K)>0.0005

v

A reconstruction

@ charged tracks with opposited charge:

Good photons

@ 0< T<700ns |V2] < 20¢m, PID for p
2
@ E, > 25MeV, |cosf| < 0.8 for barrel @ Vertex fit, x* < 100
@ E, > 50MeV, 0.86 < |cosf| < 0.92 for endcap @ Second vertex fit, /6L > 2

@ 1.111 < My < 1.121GeV/c?

v

0 q
by 2 reconstruction

@ 1.179 < Mp, < 1.203GeV/c?

us © reconstruction

@ 1C kinematic fit: x5 < 200
@ 0.115 < My < 0.150GeV/c?
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AE cut and background veto on tag side

Tag mode AE window (GeV)
o Extract A,j with minimum AF — pk— 7t [-0.034, 0.02]
AE, and AE requirements are Aci - PKng [-0.02,0.02]
shown in the right table Ai — An” o [-0.02, 0.02]
AY = pKatr [-0.03, 0.02]
0 2.0 <M+ <2.6GeV/c? AF = pKOr® [0.03, 0.02]
C
o For modes with same final AZ = At :0.03,0.02]
AF — pK§mta~ [-0.02, 0.02]
states, add veto cuts shown A} o Antrtae [-0.02, 0.02]
below: AF - 20xt [-0.02, 0.02]
Mode peaking background requirement to veto the peaking background
AT = Antr® veto events with M(pm ™) in (1.100, 1.125) GeV/c?
AF > pROn0 c (pm™)
Af - Stata- veto events with M(p7) in (1.170, 1.200) GeV/c?
AF — pKgnt o™ AFY = Antata™ veto events with M(p7 ™~ ) in (1.100, 1.125) GeV/c?
AF = Antate™  AF — pKEnta~ veto events with (77 ™) in (0.490, 0.510) GeV/c?
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ST yields and efficiencies

@ ST yields and efficiency are extracted by the unbinned maximum likelihood fits performed to all Mpc distributions.
Total fit = MC shape @ Gaussian(Signal) + ARGUS function(Background)
Yield region: (2.275,2.31)GeV /c?

@ ST yields

Modes 460GeV  4.626GeV  4.64GeV  4.66GeV  4.68GeV  4.70GeV
AF = pk— 7t 646386 5741485 5936487 5706484  16890+143 5024478
AF — pK3 1270437 1062+35 110635 1113435 3353461 967433
AT — AxT 742428 659428 690428 64927 2007+47 520424

c

AF = pk~at 1487£52 1192449  1256£50  1305+53 3854492 1109+48

c

AT — pIn® 496428 469+29 484430 475428 1462451 388+26
AT — AntrO 140745 1162442 131744 1157441 3553472 1054240
AT — pREm T~ 498+28 428428 457£29  465£28 1299+50 426£27
AT = AnTatan= 66130 512428 660+31 628+30 180251 557428

c

AT -5 207t 396421 329420 344+20 34320 1038+34 284+18

c
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ST yields and efficiencies

@ ST yields and efficiency are extracted by the unbinned maximum likelihood fits performed to all Mp¢ distributions.
Total fit = MC shape @ Gaussian(Signal) + ARGUS function(Background)
Yield region: (2.275,2.31)GeV /c?

@ ST efficiencies(%)

Modes 4.60GeV 4.626GeV 4.64GeV 4.66GeV 4.68GeV 4.70GeV
A — pK—rT 49.13£0.10  47.62+0.10  47.20£0.10  46.17+0.10  45.49+0.09  44.69+0.09
AF — pK§ 55.69+0.25  51.62+0.25  50.92+0.24  49.75+0.24  48.14+023  47.33+0.23
AT = Axt 45.02+0.27  40.81+0.25  40.38+0.25  39.05+0.24  37.84+0.24  37.09+0.23

c

A}Y = pKk~ 7t 0 14.95+0.08 14.33+0.08  14.10£0.07  13.94+0.07  13.80+0.07  13.59+0.07

c

AF — pKS7O 18.17+0.14  17.1320.14  17.11+0.14  16.56+0.13  16.55+0.13  16.22+0.13
Af = Antr® 16.7240.08  15.23+0.07  1528+£0.07  14.93+0.07  14.62+0.07  14.23+0.07
AF — pKimt o~ 20.44+0.16  18.51x0.16  18.48+0.16  1831x0.15  17.84+0.15  17.7540.15
AT = Artatan™ 13724009  12.48+0.09  12.49+0.09  12.67+0.09  12.26+0.08  12.47+0.08

c

AT — 207t 22254020  20.26+0.19  20.46+0.18  19.56+0.18  19.28+0.18  18.81+0.17

c
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ST yields @4626 as demonstration
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DT side analysis strategy

Search for A, — p7°(pn) — py in the remaining objects recoiling against the ST A,

@ The selection criteria for the good charged tracks and the good photon, as well as
the PID for the proton are exactly same as those in the ST analysis.

@ Only one good charged track identified as proton and at least two good photons
are required.

@ To suppress multi-track background, require only one charged track that satisfies
|cos0]<0.93 , |V,| < lem, |V2| < 10cm, and no other track in |V;| < 20em

@ To veto noise photons from anti-proton or proton interacting with the material in
the EMC, the good photons are further required:

- Lateral moment < 0.4 : The lateral moment of shower shape is required to be less
than 0.4.

- E3x3/Esxs > 0.85: E3x3/Es5xs5 is required to be larger than 0.85, where the E3x3
and E5 x5 are the shower energy summed of 3 x 3 and 5 x 5 crystal around seed
crystal.

- Angle,5 > 30° : The photons are requred to be apart from anti-proton with an
opening angle larger than 30°.
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Veto noise photons

@ Distributions of true photon and noise photon shower shape parameters.
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DT side analysis strategy

@ To veto backgrounds with wrong combined A, n1,,g -
(1.111,1.121) GeV/c? is vetoed, where Myaer—sigp 18 the invariant mass of 7~
from ST side and p from DT side.

@ To veto backgrounds with wrong combined w, m+ - o0 in
(0.713,0.813) GeV /c? is vetoed, where m+ . o is the invariant mass of any
combination of 7t 7~ 7¥ in both ST and DT final states.
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DT side analysis strategy

@ With above selected proton and photons, the DT A, signal is reconstructed with the proton and two photons with
AEy2y = E, + Ey1 + Ey2 — Epeam be within (—0.08, 0.035)GeV.
@ Combination with minimum |AE,2- | is kept for further analysis.
@ After above selection criteria, three variables are used in the further analysis:
- M., the invariant mass of two photon
- M5L: the ST side beam energy constrained mass
- M‘;ﬁf’: the signal side beam energy constrained mass
@ Fitregion:
- My :0.115 < My, < 0.150 GeV /c? for 95 0.49 < M., < 0.583 GeV/c? forn
- ML > 2.2GeV /e and M2 > 2.2GeV /2
2D distributions ofM’;ZC" VS M5 in fit region is shown below:
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Background Study and some distributions

Fit region:
@ My, :0.115 < My < 0.150 GeV/c? for %50.49 < M, < 0.583 GeV /c? for 7
@ ML > 2.2GeV/c? and M2 > 2.2GeV/c?

M3r. and Moz 1D distributions in fit region:
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DT efficiencies of A — pr”

Modes 4.60GeV 4.626GeV 4.64GeV 4.66GeV 4.68GeV 4.70GeV

AF = pK— 7t 23.88+0.06 23.39+0.06 23.36+0.06 22.99+0.06 22.68+0.06 22.32+0.06
AF — pKS 28.48+0.15 26.54+0.15 25.90+0.15 25.37+0.15 24.60+0.14 24.03+0.14
AF — Ant 23.79+0.17 21.70£0.16 21.12+0.16 20.91%0.16 19.72+0.15 19.50+0.15
AY — pK 7t a0 8.27+0.05  8.02+0.05  8.05+0.05  7.88+0.05  7.89+0.05  7.83%0.05
AF — pKin© 8.65+0.09  8.02+0.08  8.27+0.08  8.14+0.08  7.89+0.08  7.84+0.08
AY — Artr0 8.93+£0.05  8.18+0.05 8.21x0.05  7.97+0.05  7.78+0.04  7.68+0.04
Af — pKSmtm— 8.54+0.09  7.78+£0.09  7.80+0.09  7.79+0.09  7.66+0.09  7.51+0.09
AF = Artrtr=  5.510.05 5.11£0.05  5.12+0.05  5.18+0.05  5.26+0.05  5.22+0.05

AF — 207t 13.51+£0.13  11.93+0.13  11.78+0.12 11.24+0.12 11.11+0.12  10.80+0.12
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DT efficiencies of AT — pn

Modes 4.60GeV 4.626GeV 4.64GeV 4.66GeV 4.68GeV 4.70GeV

AF = pK— 7t 21.83+£0.06 21.46+0.06 21.45+0.06 21.08+0.06 20.83+0.06 20.65+0.06
AF — pKS 26.14+0.15 24.11+0.14 23.96+0.14 22.94+0.14 22.33+0.14 21.76+0.14
AF — Ant 21.78+0.16  19.77+0.15 19.36+0.15 18.71%0.15 17.98+0.15 17.76+0.15
AY — pK 7t a0 7.56+£0.04  7.26+0.04  7.29+0.04  7.27+0.04  7.17£0.04  7.16+0.04
AF — pKin© 8.89+0.09  8.33+£0.08  8.39+0.08  8.20+0.08  7.95+0.08  7.89+0.08
AY — Artr0 8.35+£0.05  7.74£0.04  7.74£0.04  7.51x0.04  7.36+0.04  7.32+0.04
Af — pKSmtm— 8.60+0.09  7.88+0.09  7.91+0.09  7.61+x0.09  7.81+£0.09  7.66+0.09
A = Artrtr=  59440.05  5.53%0.05  5.59£0.05  5.42+£0.05  5.51+0.05  5.52+0.05

AF — 207t 12.01+£0.13  10.76+0.12  10.43+0.12 10.23£0.12  10.04+0.12  9.81%0.12
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Signal Extraction

@ A simultaneous fit on 6 energy points is performed based on the 2D Mpc distributions.
The total PDF used in the fit:
PDF = PDF o (PDFy) + PDFpg. 0]

PDF _o (PDFy,) is described by signal MC simulation.
2D background is estimated by:

PDFy(x,y) = Argus(x: me, zc, p) X Argus (vimy, 2, py) X Student (x — y; jr, o (x +3).N). ()

T(NtL 1 -~ 9 —Nt1
Srudent(Q;;z,o,N)_U\/]S?;(z/)[1+N<QUM> } : 3)
2
2N\ P [, 2
Argus(x;m,z, p) = Cx (1 — %) ek<1 '"2) 4

Fit 40x ¢q inclusive MC to get PDFy;, parameters.
PDFy, parameters are shared between each energy point.
Parameters are set as follow:

- my, my: cutoff of Argus function, fixed to Epeam

- zy and z, float in the fit

- px and p, are fixed to 0.5.

- In the Student function, x, o and N is float in the fit.

- Argus function parameters in PDFyy is fixed when fitting data, while Student function parameters float.




Fitting results A
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Fitting results AT — pn
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Systematic Uncertainty

Sources AF = pr®%) AT — pn(%)
p tracking 1.0 1.0
p PID 1.0 1.0
70 reconstruction efficiency, including the photon detection efficiency 0.8 1.0
shower requirements 1.7 0.8
ST yield 0.5 0.5
Intermediate states 0.03(negligible) 0.5
AE requirement 1.7 1.7
M(tagrm t signalp) mass window 1.8 5.8
M,, mass window 0.3 -
2D Fitting (signal shape and background shape, fit range) 14.7 1.5
MC statistics 0.1 0.1

Sum 15.1 6.6
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Dominant Systematic Uncertainty

@ AE requirement
The systematic uncertainty for AE requirement in DT side is studied by ST control sample A — pK~ 77 and
Ae — AnT 0. A combined result is 1.7%.
@ veto DT background: mass window requirement
- Nominal: require M(p7°) < 1.111GeV or M(pr®) > 1.121GeV
Change mass window: | M(pw°) — M(A) |> 4MeV or | M(pr®) — M(A) |> 6MeV.
- Nominal: require M_y o — M, < 70MeVorM 4 _ o — M, > 30MeV.
Change mass window: | M__y o0 — M, |> 50MeVor | M 4 — o — M, |> 90MeV.
The larger difference is assigned as the systematic uncertainty.
The uncertainty of w veto is 0.3% for A:r — pr®. For A veto, the uncertainties are 1.8% and 5.8% for
Azr — pm® and pn, respectively.
@ Fitting
The systematic uncertainty from 2D Fitting includes signal shape, background shape and fitting range.
- Signal MC shape: Convolute a Gaussion function with a fixed width. The result is 3.1% for Aj’ — pr®
and 0.4% for Aj’ — pn.
- Background shape: change background PDF parameter in 1o deviation. The result is 9.3% for A:’ — pr®
and 1.4% for AT — pn.
- Fitting range: change the fitting range. Nominal: My, range [2.2, 2.35] GeV /c? and M‘Zi'y range
[2.2,2.35] GeV//c?. The range is changed to be [2.25, 2.35] GeV /c?. The result is 11% for
A:r — prc® and negligible for A:r — pn.

Thus, the combined result for fitting systematic uncertainty is 14.7% for A:r — p® and 1.5% for A:r — pn.




Result

@ 3 is determined by:

o Nobs
- ingle—tag , single—tag double—tag ’
= (N /€ )€

- Nobs: number of observed events for the signal process
- N ingle—tag qenotes the number of events of each single-tag channel of A7 decays
- efi"gle*tag and el.d"“ble*tag: ST and DT efficiencies
@ Preliminary result:
BAT — pr®): (1.73 £ 0.67 £ 0.26) x 107,490
BAF — pn): (1.77 £0.33 £ 0.12) x 1073, 11.20.
The results of this work and measurments from other works are summarized as follow:

Decay modes AF — pr® AF = pn

B(this analysis) (1.73 4 0.67 £ 0.26) x 10~*  (1.77 £0.33 £ 0.12) x 1073
B(BESIII previous result) < 2.7 x 107*@90%C.L. (1.24 4 0.28 £ 0.10) x 1073
B(BESIII ST method) - (1.56 £ 0.11 + 0.04) x 1073

B(Belle result) < 8 x 107°@90%C.L. (1.42 £0.0540.11) x 1073




Summary and next to do

@ Bof SCS process A7 — pr® and A — pn have been measured with double-tag
method, and the result is:
BAF — pr0): (1.73 £ 0.67 4+ 0.26) x 10~* with 490
BAT — pn): (1.77 £0.33 £ 0.12) x 1073 with 11.20.
The result is consistent with various phenomenological models’ predictions.

@ Memo has been prepared
@ Next to do:

- Check datasets at E.,; > 4.7GeV

- Check A A7 backgrounds

- More validation of background PDF
- Upper limit
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