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THE (��; ) PROGRAM AT TRIUMF �Piotr A. �oªnierzukon behalf of the RMC CollaborationDept. of Physis and Astronomy, University of KentukyLexington, KY 40506, USAe-mail:zolnie�pa.uky.edu(Reeived June 13, 2000)We report the �rst observation of the doubly-radiative deay modeof pioni hydrogen (��p !  n) and deuterium (��d ! X) usingthe RMC pair spetrometer at TRIUMF [1℄. The proess is interestingin the ontext of the �-Compton sattering [2℄ and the �PT preditionsof the pion polarizability [3℄. We present our preliminary values for theBR[��p! n℄ = 3:8� 10�5 and BR[��d!X℄ = 1:6� 10�5. Our ��p dataindiates the dominane of �� !  mehanism. The ��d data shows noevidene for the d�1 dibaryon.PACS numbers: 25.80.Hp, 36.10.Gv, 14.20.Pt, 14.40.Aq1. MotivationThe double radiative deay of pioni atoms ��A ! X was investi-gated theoretially by Erison and Wilkin [4℄ a quarter of a entury ago.They predited that the dominating reation mehanism was the annihila-tion of the stopped, real �� with a soft, virtual �+, i.e. �� ! . As theyadvertised, the annihilation mehanism a�ords a seletive oupling to softpions, and speial sensitivity to renormalization e�ets in nulear matter.In order to understand the  deay mode of a pioni atom, it is nees-sary to understand the elementary proess of ��p!  n. Several authorshave made tree-level alulations of the  n apture mode of pioni hy-drogen. The most reent published alulations are due to Beder [5℄, whoobtained 5.1�10�5 for the  n branhing ratio. Beder also pointed outthe importane of the pion annihilation diagram, espeially at small photonopening angles (see Fig. 1(a)).� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2349)



2350 P.A. �oªnierzukThe �rst attempt to observe the two photon emission in hydrogen pionapture was made by Vasilevsky et al. [6℄ at JINR Dubna. They obtainedan upper limit of the  n branhing ratio, B.R. � 5:5 � 10�4, i.e. a valueten times larger than the theoretial predition of Ref. [5℄.The predited dominane of the �� !  annihilation amplitude in��p !  n allows to study pion Compton sattering [2℄. The Feynmandiagram in Fig. 1(b) an be viewed as the annihilation of a real pion witha virtual pion ���+ !  or, via rossing symmetry, as the transition of areal pion to a virtual pion via Compton sattering � ! � (Fig. 1()).
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Fig. 1. (a) Beder preditions for ��p !  n amplitude. Solid lines representthe ontribution from the annihilation graph for various photon energy sharingparameters x = E1=(E1 +E2). The dashed one is the bremsstrahlung ontribution,(b) ��p!  n annihilation graph, () pion Compton sattering graph.Pion Compton sattering is a probe of the pion polarizability ���E (seee.g. [3℄). A summary of the urrent determinations of the pion polariz-ability is shown in Table I. The extrated pion polarizabilities have largeTABLE IExperimental determinations of pion eletri polarizability ���E .Reation ���E (�10�4 fm3) Experiment Referene�A! �A 6:8� 1:4� 1:2 Serpukhov [7℄�p! �p 20� 12 Lebedev [8℄ ! �� 19:1 � 4:9 � 5:6 PLUTO [9℄ ! �� 2:2� 1:6 MARK II [9℄unertainties and are (exept MARK II) substantially larger than the �PTpredition [3℄, ���E = (2:7 � 0:4) � 10�4 fm3, whih is based on a robustrelationship between radiative pion deay � ! e� and pion Compton sat-



The (��; ) Program at TRIUMF 2351tering �! �. This disrepany between theory and experiment obviouslyalls for more experimental attention.Reently Gerasimov [10℄, pointed out, that the double radiative deay ofthe pioni deuterium (��d ! X) an be used as a means to investigatethe existene of the d�1(1920) dibaryon (� � 10 keV) that was laimed bythe DIB-2gamma ollaboration [11℄. As pointed out by Gerasimov if thed�1(1920) does indeed exist, one should be able to detet it via the followinghain: ��d! d�1(1920); d�1(1920)!  nn :Based on a toy model, Gerasimov estimated that the resonant deayof pioni deuterium via d�1(1920) should our roughly 100 times more fre-quently than non-resonant deay of ��p !  nn. Additionally, a learsignature of the hypothetial d�1 would be the photon spetrum with twolines: one at � 90 MeV (��d! d�1) and the other at � 40 (d�1 !  nn).2. TRIUMF (��; ) experiments and preliminary resultsThe experiments presented here were performed at TRIUMF Laboratoryusing the RMC pair spetrometer [1℄ on the M9A beam line. The pionihydrogen data (E838) were taken in Deember 1998 and April-May 1999and the pioni deuterium data (E864) were taken in April 2000.An 82 MeV/ pion beam was stopped in a liquid hydrogen (deuterium)target (approximate dimensions: length 15 m, ' = 16m). The photonswere onverted into e+e� pairs in a 1mm thik Pb ylinder. The e+=e� tra-jetories were then measured in a set of ylindrial wire and drift hambers,and the magneti �eld provided momentum analysis. Trigger sintillatorshit patterns were used to identify events.
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Fig. 2. A typial  event and opening angle distributions for pioni hydrogen(irles) and deuterium (squares).



2352 P.A. �oªnierzukWe olleted approximately 1000 ��p !  n events and 500 ��d !X events. A ut on the  opening angle was used to remove �0 ! events and a ut on the beam/trigger sintillators was used to removeaidental  events.Fig. 2 shows a typial event and the preliminary opening angle distri-butions for the pioni hydrogen and deuterium. Our preliminary branhingratios are BR[��p! n℄ = 3:8 � 10�5 and BR[��d!X℄ = 1:6 � 10�5. Thepioni hydrogen BR is in approximate agreement with Beder alulations [5℄and the yield at small opening angles demonstrates the dominane of thepion annihilation graph. We see no evidene for the the d�1(1920) in ourdeuterium data.In order to ompare our results to the existing arbon data [12℄ we quotethe relative branhing ratios: BR= = 1:0 � 10�4 for the pioni hydrogenand BR= = 0:6� 10�4 for the pioni deuterium.3. SummaryOur preliminary results indiate that the the �� !  graph is indeeddominant in the ��p!  n reation hene this reation is a potential probefor pion polarizability. We have found no evidene for the d�1(1920) in thedeay of pioni deuterium. We plan to extend our studies to nulear targets.REFERENCES[1℄ D. Wright et al., Phys. Res., Set. A 320, 249 (1992).[2℄ P. �oªnierzuk, Ata Phys. Pol. B29, 3149 (1998), nul-ex/9806003.[3℄ B. Holstein, Comments Nul. Part. Phys. 19, 221 (1990).[4℄ T. Erison, C. Wilkin, Phys. Lett. 57B, 345 (1975).[5℄ D. Beder, Nul. Phys. B156, 482 (1979).[6℄ I. Vasilevsky et al., Nul. Phys. B9, 673 (1969).[7℄ Y. Antipov et al., Z. Phys. C24, 39 (1984).[8℄ T. Aibergenov et al., Czeh. J. Phys. B36, 948 (1986).[9℄ D. Babusi et al., Phys. Lett. B277, 138 (1992).[10℄ S. Gerasimov, nul-th/9812077, nul-th/9808070.[11℄ A. Khrykin et al., �N Newslett. 13, 250 (1997).[12℄ J. Deutsh et al., Phys. Lett. 80B, 347 (1979); E. Mazzuato et al., Phys. Lett.96B, 43 (1980).


