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Lightest spin-3/2 baryons

S
A~ AL AT ATT

—@—@

$8S8 ) O

J Tandean 18 Dec 2018



eek end
PRL 94, 021801 (2005) PHYSICAL REVIEW LETTERS 21 JANUARY 2005

Evidence for the Decay X7 — pu~u~

H.K. Park.” R. A. Burnstein,” A. Chakravorty,” Y.C. Chen,! W.S. Choong.>” K. Clark.” E. C. Dukes,'” C. Durandet.'”
J. Felix,> Y. Fu.” G. Gidal,” H. R. Gustafson,” T. Holmstrom,'” M. Huang,m C. James,” C. M. Jenkins,” T. Jones,’
D. M. Kaplan,” L. M. Lederman,” N. Leros.® M.J. Longo,** F. Lopez.® L. C. Lu,'” W. Luebke,” K. B. Luk,>’
K.S. Nelson,'"” J.-P. Perroud.® D. Rajaram,” H. A. Rubin.” J. Volk.” C. G. White.” S.L. White.” and P. Zyla’

(HyperCP Collaboration)

'Institute of Physics, Academia Sinica, Taiper 11529, Taiwan, Republic of China
*University of California, Berkeley, California 94720, USA
YFermi National Accelerator Laboratory, Batavia, lllinois 60510, USA
*Universidad de Guanajuato, 37000 Ledn, Mexico

*Hlinois Institute of Technology, Chicago, Hllinois 60616, USA

®Université de Lausanne, CH-1015 Lausanne, Switzerland
'Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA

“University of Michigan, Ann Arbor, Michigan 48109, USA

“University of South Alabama, Mobile, Alabama 36688, USA

WUniversity of Virginia, Charlottesville, Virginia 22904, USA
(Received 3 November 2004; published 18 January 2005)

We report the first evidence for the decay 2% — pu ™ u~ from data taken by the HyperCP (E871)
experiment at Fermilab. Based on three observed events, the branching ratio is B(X" — pu*p~) =
[8.67%4(stat) = 5.5(syst)] X 10~*. The narrow range of dimuon masses may indicate that the decay

proceeds via a neutral intermediate state, " — pP’, P’ — u*u~ with a P’ mass of 2143 +
0.5 MeV/¢* and branching ratio B(X" — pP’ P — u* p) = [3.1715(stat) = 1.5(syst)] < 1075,
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Evidence for the Rare Decay X™ — pu~pu~

R. Aaij ef 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 1s observed in the dimuon invanant mass

distribution, in contrast with a previous result from the HyperCP experiment. The measured 2" — pu "y~
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 10.273% is observed.

J Tandean 18 Dec 2018 6



J Tandean

LHCbH data
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FIG. 3. Background-subtracted distnbution 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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X' putu”
e The decay amplitude consists of short-distance & long-distance parts.

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

diagrams . -
1% / ,LL+
. 174
Z% # Wg § z z zg
s d s u,ct d s—g—d Ds~@—d+s 7-\,\/3 d

e It's described by the effective Hamiltonian

Hor = 5 4" (1 = B)s T (Mzry = Abiyy = VM) + Hee.

Buchalla et. a/, 1996

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

qd " gs
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X' putu”
e The decay amplitude consists of short-distance & long-distance parts.

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

diagrams . -
1% / ,u+
= 174
Z% H W§ § z z Zg
s d s u,C,t d s—g—d Ds~@—d+s 7-\/\/.]5 d

e It's described by the effective Hamiltonian

G, —
Heg = \/—g dy*(1 = 75)s By, (AuZry — Ary — VsA¥ra) 1 + Hee.

with Wilson coetficients z,,, & y,.,, and CKM factor A = V"V,

qd " gs

e Hadronic matrix elements

(Pl SIS = —aguy,
— o, My +Mm, ,
(bl 45s/5%) = (D - F) ( st + T )
2%

e The SM SD contribution alone yields a branching fraction of order 1072

s much smaller than the measured value, ~2 x 1078
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X' putu”

¢+ Long-distance contribution mainly from £+ — pv* — putpu~

. ot
—1e“G
LD __ F — K - v 2 - — K
Mo = T ’u,p(a, + 'ysb)a',wq Uy U,y v, — € Gy ’u,pvn(c + ’ysd)uz u, Y v,
a,b,c,d are form factors depending on ¢* = M? Lyagin & Ginzburg, 1962
G Bergstrom, Safadi, Singer, 1988
He, JT, Valencia, 2005
Long-distance contribution ut
(A po
ut
) <yf d e e U
BT p D ol = =

® The LD contribution leads to significant uncertainties in the predicted rate.
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Differential rate of X - puu~ in SM

® I'=dI'(E" — putp™)/dg?
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Branching fraction of - putu~ in SM
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FIG. 1: Sample points of B(X+ — puT ™) x 10% 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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Xt put T amplitude
¢ Amplitude accommodating SM and potential NP contributions
M = a, lig (A + v;B)o”" — 4Y(€C + v,D) |us, B0 @ v” (E + v5F)uyg T i N
-+ ﬁp(é -+ 75I~{) Uy u,v; + U, (3 R 75I~<) Us U,V50;

A, B,...,K are complex coefficients

e SM contributions

i, 2(7 - 2GL D
A = ¢ ngﬂ . B = ‘ qﬂF 3
H A, 2oy — Ay Yoy, . D—F
_ G _ D—F
E = _;}*t'yma F = WG‘F}‘fy?Av
. My + N
K = qu_ mgp\/ﬁ(D o F)GIF )‘tyTAm',u
e

e 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 T"— pu' -

* Forward-backward asymmetry

[ do,; senfe,) T _ dT(St - putpr)

g Iy e T | v dq? de, e habay
0 angle between p~ and p directions in dimuon'’s rest frame
Appg = ik Re{ M, A*F — M_B*E — (A*G + B*H)m,, + C*F + D*E| ¢
6473 T/ m3, e
— (M,&°G — M_B"H)m,, |

* Integrated forward-backward asymmetry

~ 1 [ e |
R / dqz/ dc, sgn(c,) IT'”
B (et 5 putp) Je T
qr2nin - 4m;2L’ qrznax — (mE o mp)2

* It'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

gl =le e vy :
(Z;;” ) = ?(1 + Prs, +Pxs, +Prs;)
X
p=—t g=2 P gz, (3)2+ ()2 + ()2 =1
P| P, X P,|
= ’82\/i X * T ¥ 1o K T it 23d P
P = 0275 il e{[—3(2M+A E+ 0*K)q® — 2(m2 4 3¢%)C*E 4 6m,M_ F*H|1h?
+ [3(2M_B*F — G*J)q® — 2(m? + 3¢*)D*F — 6m,M_E*G] mi}
- ’82x q2 7 ) * 14 = * = ¥ 17
Pn = 25671_2}/,;% {2[(M+A—|—c) F+ (D—M_B)*E|m, — (A*G + B*H)g¢?
— (& — BT, + (5 — FRM_|

BAVa?

25672 I m3,

Re{2[2(M, A + &) (D

s o 2
— M C*T+M_D*K+ 3 (M_|_

BX Re|(A*7 + B°R)q* + 2(3°F + BF)M,M_m,,

= M_ﬁ) -

—_—i

256721 m3,\/q>?

~

* Integrated polarization asymmetries
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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 Pp in 7 — putu~ versus M, in the SM.
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Branching fraction & asymmetries of X*— putu~ in SM

5{23 ﬁzs 1088 | 105 Ay | 10557 | 10585 | Pr (%)
133 | 60 || 16 | 37 [ —70 | —02 | &9
~133 | 60 || 35 | 14 | 45 | —96 | 50
60 |-133 | 51 | 09 | -51 | 1.1 | 23
60 | 133 | 91 | —03 | 33 | —31 | 17
110 | —74 || 24 | 27 | =57 | —73 | a1
110 | 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 ¥ — pu*u~ and the corresponding integrated
asymmetries App and PL_ n 1 computed within the SM including the SD and LD contributions. In the

evaluation of the B, Apg, and I5L_ N 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.

e 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 18 Dec 2018 17



Enhanced asymmetries in of X" putu~ due to new physics
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FIG. 4: The integrated asymmetries App and ]E’L_NT of the muon in X" — pu™p~ versus the phases
¢ of the NP contributions to the coefficients E 5(tjop 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 10~ GeV 2
(left) and 7 x 1078 GeV~? (right). For the bottom plots, only F has the NP term with magnitude
ge = 1 x 1078 GeV ™2 (left) and 1 x 1077 GeV 2 (right).
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Other rare hyperon decays as NP probes

e Lepton-flavor-violating decays
> Xt peru©
» Q> Epetu’

>

e Decays with missing energy

> = px(y)
> Q> Ey(y)
>

J Tandean 18 Dec 2018

19



Conclusions

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

e These decays can offer useful information on new physics which is
complementary to that from the kaon sector.

e For X"5 puiu~, 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 LHCDb.
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