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HyperCP events

® Three events of X* — pu*™u— (HyperCP, Fermilab, 2005)
® Br(Zt — putpu~) =[3.1135(stat.) £ 1.5(sys.)] x 1078
® > — pX,where X — u"u— with my =214.3+£0.5 MeV

® X can be pseudoscalar or pseudovector, but not scalar or
vector



Sgoldstino — what is it?

® SUSY theories

® Superfields: S = ¢ +/20y + 0°F

® (/') = F — SUSY broken spontaneously
e /F — the scale of SUSY breaking

® Supersymmetric analog of Nambu-Goldstone theorem:
v is massless fermion — goldstino

® Sgoldstino: ¢ = % (S +iP):
S — scalar and P — pseudoscalar



Interactions of sgoldstino

® Couplings to the Standard model fields
are related with soft SUSY breaking terms

An example:
SUSY breaking lagrangian

Lot = = [Hy|*—m), |Hg|* — B H,H,

can be obtained from

4’0 | ——SH,H
+/ ( F d)
® Masses mg and mp are not related with the soft terms

® Sgoldstinos S and P can be light



Sgoldstino in X decay

® Lagrangian for s — d transition:
(D)

Spas = —P-(hy, -diy’s+h.c.),

® From measured branching one obtains:
A Br/2(P— utp~)=3.8-10"10

® Constraints on sgoldstino lifetime:
1.7-100P s S1p 525107 s

® The energy scale of SUSY breaking is low :
2 TeV SVF S65TeV



® mp—214.3 MeV

® Possible decays:
P—uu ,P—ee and P — yy

C(Poete) md  T(P—y)

T m T(P—utu)

~1=+10%
[((P—-utu=) m

i
® Predicted branchings of kaon decays with s —d transition:
Br(KT — ntn’P(P—putu))~ 107"

Br (K, — n’n’P(P — putu~)) ~107°

Br(Ks — n’n’P(P—pu*u™)) ~ 107"



Sgoldstino interactions with quarks

® General interaction lagrangian:

Sp=—P- ( M]l’}’sul—l—h inyslerh.c.),

(LR)2

® Constants 1, = ~/>

depend on model

® Three models:
. D
. A
o ll:  hj~ ZFmax(m;,my)

e lll: particular left-right SUSY model



Decays of D- and B-mesons

® [nteractions with quarks induce flavor changing neutral
transitions

® Possible signature of sgoldstino:

PB,D — ﬂVP ,

® For decay with u; —u; or d; — d; transition:

M (Pgp— VP)=hji-P(q)-Op, v (q°),

where g — sgoldstino momentum and

Opspv (a°) = (Y (v, €0)|3;Y ailPs.n(p)) =

A(()PB,D77/) (q2) . my

m;j =+ my



Numerical results

Decay hjl BI‘(I) BI‘(H) BI‘(H])
By — PP —putu-) |[nY | 65107 [8.8-10°6|8.7-10°°
B, KPP —putu) | AY | 53.10° | 72.10¢ | 2.3.1077
Bf - D*PP—putp) | hY [ 3210710 44.1077 | 1.4-1078
Bf »DP(P—putp) | Ay [3.0-10710] 40.1077 | 4.0-1077
Bf =B P(P—putu) | Y | 4.1.10710 | 4.4.10°8 | 821077
B* —Kk*PP—putp) | Ky | 38.10° | 52.1076 | 5.1-10°
B — K*P(P— putu) 35-107° | 4.8-107°° | 4.7-107°°
B = pP(P—utu) | A2 | 3110 [42.10°6 | 1.4-1077
BT —ptP(P—putu") 33.-107° | 4.6-107°| 1.3-107
D’ —pPP—putp~) | Y| 14.10° | 1.5-1077 | 2.8-1076
DT —ptP(P— utu~) 3.5-107° | 3.7-1077 | 7.0-107°
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Decays of p-, - and ¢-mesons

® Another possible signature of sgoldstino: 7 — Py .

® Two contributions to matrix element

4 g | g
P
a) 6)
1 M M;
_ _— ouvAp [ VY a
L = 4\/28 ( 7 PF,JVF;LP—F 7 PG p) :
where M, = M, cos? By + M> sin’ O

e 2 2
D%VMD = gAu (\@mf,p“ + gmﬁ,(x)” — §M¢¢N> , £ 8.6



Decays of p-, - and ¢-mesons

® Mixing of sgoldstino with 7', n and n’
gf%ix p— CPEOPTCO _|_CPT]PT’ —I—Cpn/Pn,
® [nteractions of vector and pseudoscalar mesons with photon

Ly py = gy py€uvrpOuAvoa Vp P .

where g, », are tuned to saturate the decays &> — 7 yor 7 — 2.



Numerical results

® The width of the decay:

where

\/Qd”f/ eMyy egy 2yCpp
+ Z 2 2 )

1@:7[07”7”, mP_m{@
1.8x 107 < Br(¢p — yP(P—utu)) < 1.6x 1077,
9.1x 107" < Br(p —yP(P—pu"u)) <33x 107/ :

1.8x 107" <Br(w — yP(P - utpn™)) <3.4x107".



Conclusions

® We considered the possibility to check the sgoldstino
interpretation of the HyperCP events in the decays of D-, B-,
p-, ®- and ¢-mesons

® Estimated branchings of the decays Pz p — VP(P — u ™)
(and mp =214 MeV) can be at the level 108+~ 10°

#® The branchings of the decays p-, w- and ¢-mesons 7 — Py
are in the range 1072 =10~
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