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Lightest baryons

® Flavor-SU(3)-octet spin-1/2 baryons
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Lightest baryons

® Flavor-SU(3)-decuplet spin-3/2 baryons
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Rare hyperon decays
e They often involve flavor-changing neutral currents.
e Some of these decays cannot occur in the SM,

® Hence these processes are potentially sensitive to the effects of physics
beyond the SM.

® Constraints from these decays complement the constraints from the kaon
sector.

# Qperators contributing to K- p'u~ and K- zu'u~ also affect " pu' .
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We report the first evidence for the decay X% — pu ™ u~ from data taken by the HyperCP (E871)
experiment at Fermilab. Based on three observed events, the branching ratio is B(X" — pu*u ) =
[8.67%8(stat) = 5.5(syst)] X 10~®. The narrow range of dimuon masses may indicate that the decay

proceeds via a neutral intermediate state, 2+ — pP%, P’ — utu~ with a P’ mass of 214.3 =
0.5 MeV/c? and branching ratio B(X2* — pP? PU — u* pu~) = [3.1735(stat) = 1.5(syst)] X 1075,
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FIG. 4. Real (points) and MC (histogram) dimuon mass dis-
tributions for (a) E;# i MC events (arbitrary normalization) with

a form-factor decay (solid histogram) and uniform phase-space
decay (dashed histogram) model, and (b) X MC events

normalized to match the data.
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PHYSICAL REVIEW LETTERS 120, 221803 (2018)

Evidence for the Rare Decay X* — pu~u~

R. Aaij et al.
(LHCb Collaboration)

|"'.}| (Received 22 December 2017; published 31 May 2018)

A search for the rare decay £* — pu™ u~ is performed using pp collision data recorded by the LHCb
experiment at center-of-mass energies /s = 7 and 8 TeV, corresponding to an integrated luminosity of
3 fb~!. An excess of events is observed with respect to the background expectation, with a signal
significance of 4.1 standard deviations. No significant structure i1s observed in the dimuon invariant mass
distribution, in contrast with a previous result from the HyperCP experiment. The measured " — pu ™
branching fraction is (2.27]%) x 10~®, where statistical and systematic uncertainties are included, which is
consistent with the standard model prediction.

A signal yield of 10.2737 is observed.
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FIG. 3. Background-subtracted distribution of the dimuon
invariant mass for £* — pu™u~ candidates, superimposed with
the distribution from the simulated phase-space (P5) model
Uncertainties on data points are calculated as the square root of
the sum of squared weights.
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T putu”
® The decay amplitude consists of short-distance & long-distance parts.

® The SM short-distance contribution arises mainly from Z-penguin and box

diagrams _
M+ /,u M+
u,_ 174
YA W Z Z Z
de S gu,c,té d 5—3—(1 38‘@—(1—#5 if/\fs d

® It's described by the effective Hamiltonian

Ry = 7;37'%(1 — Y5)8 BV (Auzzy — A¥ry — YA ¥Yra) )1 + Hec.

Buchalla, Buras, Lautenbacher, 1996

with Wilson coefficients z,,, & y,.,, and CKM factor A =V V
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T putu”
® The decay amplitude consists of short-distance & long-distance parts.

® The SM short-distance contribution arises mainly from Z-penguin and box

diagrams _
M+ /,u M+
/*L_ 174
YA W Z Z Z
de S gu,c,té d 5—§—d 38‘@—(1—#5 7,‘5/\;-3 d

® It's described by the effective Hamiltonian

G
Hog = 71% dy" (1 = %5) s BV, (Au 27y — N¥Yzy — Vs ¥ra)t + Hee.

with Wilson coefficients z,,, & y,y,,, and CKM factor A = V* V.

gs

® Hadronic matrix elements (p|ldy*s|Th) = —@ " uy,

ik _ 'TTI-E + T _
(pldy"75s|E7) = (D — F) (upﬁ*"vﬁl’suz 3 P — -nz.f HpTsts g”)
3"

e The SM SD contribution alone yields a branching fraction of order 10712

2 much smaller than the measured value, ~ 2 x 1078
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T putu”
¢ Long-distance contribution mainly from ¥+ — py* — putpu~
—ie’Gy,
q2
a,b,c,d are form factors depending on g2 = M2,

a, (a + 75b) .0 u; ’EL“'y”vﬁ — e2GF a.a, (c + 75d) Uy ﬁ“'y""vﬁ

ID
Nnii=

Long-distance contribution

® The LD contribution leads to significant uncertainties in the predicted rate.
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Differential rate of X" » pu'u~ in SM

® [V = d[(S+ — putu~)/dg?
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Branching fraction of X'— pu'u~ in SM
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FIG. 1: Sample points of B(XT — put ™) x 108 in relation to the preferred ranges of Im(a, b) at ¢*> = 0

and of Re(a, b), as explained in the text. Each horizontal red line marks the 20 upper-limit of the LHCb

measurement [2].
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X' putu”
¢ Amplitude accommodating SM and potential NP contributions
M = u, [z’qm (A + '75]?)) o’ — Y (6 + 75]3)] us ,7,v; + ﬂp’y” (E + '755“) Us 8,7, Y5V
~+ ﬁp(é + 75FI) Uy U,v; + U, (3 + 75K)u2 U, Vs,

A,B,..,K are complex coefficients
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X' putu
¢ Amplitude accommodating SM and potential NP contributions
M = u, [z’qm (A + 'ysﬁ) o’ — Y ((~3 + 75]5)] us 4,7,v; + ﬁp’y” (E + '755*) Us 8,7, V5V;
~+ ﬁp(é + 75FI) Uy U,v; + U, (3 + 75R) Uy U, Y5V

A,B,..,K are complex coefficients

® SM contributions

X _ e’Gra 5 _ e’Gp b
g q

iz A, 2oy — XYy . ; D—F
i G " — 8 .
I == \/_g)‘t'y?_m = TGF}‘I‘y?Aa
- M + 171
K = q__f_ m;’ﬁ (D — F)Gp A\ yram,

K

® Observables may be constructed which are sensitive to terms in the
amplitude not dominated by LD contributions

s Such observables are then sensitive to SD effects beyond the SM.
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Muon asymmetries in X' pu'u”
* Forward-backward asymmetry
1
J_, dc, sgn(cy) T o _ d*’T(XT — puTp™)
f_ll Uil ’ dq? de,

AFB —

, Cg=cos0

0 angle between p~ and p directions in dimuon'’s rest frame

* Integrated forward-backward asymmetry

_ 1 Tnax N .
A - d / dc it 1
BT DS s puta) S, )8 <
qunin - 4m;21,7 ql?nax - (mZ o mp)2

He, JT, Valencia, 1806.08350

* |t's the main observable that could provide a window into NP modifying part of
the SM amplitude not dominated by LD effects.
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* Polarization asymmetries of the muons

dl C_QC_7§Z_ I — - r ¢
(.’B Yy ) :E(l_l_’PTga:__l_,PNcy—'_Png)

dq?
X
5= ’Z“‘, g = |§pxi“|, BF=UXE, ()4 (s5)+ () =1
Iz p M
2V L o .
P = 192i3rfm3 e{[—3(2M+A*E-|—H*K>q2—2(7?1,?'_—|—3q2)C*E—|—6mMM+F*H]m2_
3

i BA L/ q? BT i g .
Pr = 256772?;32 Re{2[2(M, A + &) (b — M_B) — M_EE + M, B"F|m,,
— M, ET 4+ M_BR + B2 (M, G — M_FH) |

Loy

)\Re ~*j—|—]§*l~( 4—|—2(~3*]:3—|—1~)*§‘MM’ITL
q + - "
He, JT, Valencia, 1806.08350

256721 m,\/q?
| 4 oolarizati . - 1 G-
* |Integrate olarization asymmetries P, - dg° 1" P;
g P y L,N,T TS+ — pptp) Ja q L,N,T

min
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Muon asymmetries in X' pu'u”
® These muon asymmetries are analogous to those studied in the literature for

s inclusive b—s¢ ¢~ Hewett, 1996
Kruger & Sehgal, 1996

Guetta & Nardi, 1998

Fukae, Kim, Morozumi, Yoshikawa, 1999
Fukae, Kim, Yoshikawa, 2000

Bensalem, London, Sinha, Sinha, 2003

Chen & Geng, 2001
Aliev, Ozpineci, Savci, 2003
Giri & Mohanta, 2006

s exclusive decay A, A¢"¢"

4 T Savage & Wise, 1990
rare kaon decays K- ﬂ-‘u ,U ) Agrawal, Ng, Belanger, Geng, 1992
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Large muon polarization asymmetry in SM

e LD contributions dominate 2+
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FIG. 3: The p~ transverse-polarization asymmetry Pr in 7 — putu~ versus M, in the SM.

He, JT, Valencia, 1806.08350

J Tandean 21 July 2018 21



Branching fraction & asymmetries of X'— pu‘u” in SM

3‘23 1\}}23 1088 | 10°A,, | 1055 | 10P5 | P (%)
133 | =60 [ 1.6 | 37 | 70 | —02 | 59
133 | 60 | 35 | —14 | 45 | —96 | 50
6.0 | -133 || 51 | 09 | -51 | —1.1 | 23
~60 | 133 | 91 | —03 33 | —31 | 17
110 | =74 | 24 | 27 | =57 | 73| a4
110 | 74 | 47 | —07 | 41 | —10 | 36
74 | -110 | 40 | 14 | -52 | =50 | 26
74 | 110 | 74 | —03 36 | —60 | 21

TABLE I: Sample values of the branching fraction B of ¥t — pu™ = and the corresponding integrated
asymmetries App and P - computed within the SM including the SD and LD contributions. In the

evaluation of the B, App, and P; y 1 entries in the first [last] four rows, the relativistic [heavy baryon]

expressions for Im(a, b, ¢, d) have been used, as explained in the text. He, JT. Valendia, 1806.08350
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Branching fraction & asymmetries of X' pu'u” in SM

E‘;‘; ﬁié 1088 | 1054, | 10°P | 10P5 | Py (%)
133 | =60 || 1.6 [ 37 | =70 | —02 | 59
~133 | 60 | 35 | —14 45 | —96 | 50
60 |—-133 | 51 | 09 | -51 | —1.1 | 23
60 | 133 || 91 | —0.3 33 | —31 | 17
110 | =74 || 24 | 27 | =57 | =73 | a4
~11.0 | 74 | 47 | 07 41 | —10 | 36
74 |-11.0 | 40 | 14 | -52 | —50 | 26
74 | 110 || 74 | —03 36 | —60 | 21

TABLE I: Sample values of the branching fraction B of ¥t — pu™ = and the corresponding integrated
asymmetries App and ]5L_ N computed within the SM including the SD and LD contributions. In the

evaluation of the B, App, and P; y 1 entries in the first [last] four rows, the relativistic [heavy baryon]

expressions for Im(a, b, ¢, d) have been used, as explained in the text. He, JT. Valencia, 1806.08350

® The asymmetries expected to be tiny in the SM can serve as probes of NP effects

s These asymmetries are (approximate) null tests of the SM.

J Tandean 21 July 2018 23



Enhanced asymmetries in of X'— pu'u~ due to new physics
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FIG. 4: The integrated asymmetries Apg and IBL* n of the muon in YT — puTp~ versus the phases
¢g of the NP contributions to the coefficients E ,(t’op plots) and F (bottom plots), respectively, in the
decay amplitude. For the top plots, only E has the NP term with magnitude g, = 7 x 1079 GeV 2
(left) and 7 x 1078 GeV ™2 (right). For the bottom plots, only F has the NP term with magnitude

gr — 1 x 10—8 GGVMQ (left) and 1 x 10—7 GGVuQ (I'lght) He, JT, Valencia, 1806.08350
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B> B'vv

® This decay proceeds mainly from the SD contribution.

® In general s — dvv interactions contribute not only to K — zvv but also to K — vv
and X'— pvv.

s Constraints from their data are complementary to each other.
e B(K,—>wv)g,~107" and B(K, - w),,, <6.3x107*

® B(Z'—> pvv), ~5X 10713
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s Constraints from their data are complementary to each other.

e B(K,—>wv)g,~107" and B(K, - w),,, <6.3x107*

® B(Z'—> pvv), ~5X 10713

e Expected BESIII sensitivities with 10° events on the J/W¥ peak and 3x10° events

on the Y(2S) peak.
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Neutrinoless AL=2 hyperon decays

2 2 TABLE 1. Lepton number violating (AL =2) decays of
0 hyperons. The classification of these decays according to their
change in strangeness (AS) is also indicated.
;_3 %{5 f; i Channel AS Channel AS
N ’ — —
3" —=3%ee 0 = — pe e 2
_ - 2" —pee l E —pe 2
- - ST —pe p l 5T pup 2
dss — .
] @ 2T = pup” l (" —2X%e e 2
- —Xteme ] Q" —=Xp e 2
S E =X ue l O —=Xp p 2
A A Al A Barbero, Li, Lopez Castro, Mariano, 2013
o €
2 down-type quarks (d or s) convertto 2u + 2¢”
E— 0 Yt
dds @Cfs/ U8 I ) )
!
=hde ==0 !w‘
28 e_
d 9 ym-—-"— L
! “ Only experimental limit from HyperCP, 2005

B(Z= = ppp) < 4.0 x 1078
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Estmated rates of neutrinoless AL=2 hyperon decays

® Loop calculations

FIG. 1. Feynman graph for AL =2 hyperon decays. The
virtual state i denotes an intermediate hyperon state.

® Bag-model method B’ (3~ — pe e”) = 1073

J Tandean

TABLE III. Decay rates (normalized to the effective neutrino
mass (my)*) and branching ratios for AL = 2 hyperon decays.
We use (m,,)* = (10 eV)* and (m,, )* = (10 MeV)* to evaluate

the branching ratios.

Co,/(my)” [sec™" /MeV?]

B(By — Byl 1)

3T —=3teTe” 1.000 X 1071
3T —pe e 0.497 x 10710
ST —pu 0.426 > 10711
E-— Xte e 0.841 x 10713
=" — pe e 1.150 X 10712
=T — pup 0.480 x 1072

1.48 X 10~
7.35 x 1077
6.31 X 10720
1.38 % 1073
1.88 X 10~
7.87 % 1072

Barbero, Li, Lopez Castro, Mariano, 2007

21 July 2018

Barbero, Li, Lopez Castro, Mariano, 2013
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Estmated rates of neutrinoless AL=2 hyperon decays

® Loop calculations

FIG. 1. Feynman graph for AL =2 hyperon decays. The
virtual state i denotes an intermediate hyperon state.

® Bag-model method B’ (3~ — pe e”) = 1073

TABLE III. Decay rates (normalized to the effective neutrino
mass (my)*) and branching ratios for AL = 2 hyperon decays.
We use (m,,)* = (10 eV)* and (m,, )* = (10 MeV)* to evaluate

the branching ratios.

Co,/(my)” [sec™" /MeV?]

B(By — Byl 1)

3T —=3teTe” 1.000 X 1071
3T —pe e 0.497 x 10710
ST —pu 0.426 x 1071
E-— Xte e 0.841 x 10713
=" — pe e 1.150 X 10712
=T — pu p 0.480 x 1072

1.48 X 10~
7.35 x 1077
6.31 X 10720
1.38 % 1073
1.88 X 10~
7.87 % 1072

Barbero, Li, Lopez Castro, Mariano, 2007

Barbero, Li, Lopez Castro, Mariano, 2013

@ Despite the large uncertainties, these numbers suggest that an observation of any of these
decays would be good evidence for NP.
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Upcoming searches for neutrinoless AL=2 hyperon decays

e Expected BESIII sensitivities with 10° events on the J/W¥ peak and 3x10° events

on the Y(2S) peak.

J Tandean

Current data

Sensitivity

Decay mode B (x10~% B (90% C.L.) (x10~%)
Y- s Xte—e - < 1.0
Y~ s pee” - < 0.6
E— s pe_e” - < 0.4
E- s Xte—e - < 0.7
(2~ 3 Xte e - < 15.0
LT s pups - < b1l
=T =S pu g < 0.04 < 0.5
- s Xru—p— - < 17.0
¥ - pe—p— - < 0.8
E~ s pe pu~ - < 0.5
E- —wXtep— - < 0.8
2~ s Xrte - < 17.0

21 July 2018

HB Li, 2017
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Conclusions

® Rare hyperon decays can serve as potentially sensitive probes of physics
beyond the SM.

e Concerning BSM physics, these decays can offer useful information which
is complementary to that from the kaon sector.

® For X' pu'u, although the observables in the SM involve significant
uncertainties, some of the muon asymmetries are predicted to be tiny in
the SM and therefore can be sensitive to BSM physics, which may be
testable at LHCb.

e The flavor-changing hyperon decays B- B'vv and lepton-number-

violating B - B¢ ¢ offer good null tests of the SM, which may be
experimentally feasible at BESIII.
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