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HACHINES OPLRATING . IN THIS €ENERGY
RANEE : | perp-2 (‘mws:emsu)
Aco ( ORSAY)
ADoweE (FeAS‘cATJ) _

(with some overlapping SPEAR)

éXHA\Js‘TlUé REVIEWS @Yy .
V. SILVESTRINI _  XVvI (NT. CONE. H.EP .Ratane 12
K. STRAUCH . BodA)  COMTF. (973

IN THIS REPORT EMPHASIS oNLy 0N RECENT
ResuLTs  (essemhally frow Adone ) . EXPERIMENTR

DETAILS ORITTED UNLESS NecesSsSARY .
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EXTENSIVELY STUDIED IN° ABSOLUTE RATES
AND ANGULAR  DISTRIBUTIONS .

AGREEMNENT (WITHIN THE EXPERIMENTAL
ACCURACIES) WITH OE.D. 1S FoUND puen
RADIATIVE CORRECTIONS ARE PROPERLY TAkKew
INTD  ACCOUNT. -
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€ e - Heavy LEPTONS oF AWy
KIND CAN BE PRODUCE)
- VIA THE 0Né&~ PHotown
- CHANNEL ; suck AS:
+ - -
HL RE BT fom (€3, €)
| eEe.d-rou- LKe
IF  H.L. ARE POINT LIKe M+ {rowa (M‘l‘, vwrc)
DIRAC PARTICLES " muon - ke
THE RELEVANT E£xPER! .
MENTAL  PECULIRRITY L . with Qphnic number
OF THe Eehcz;zw _  daffereut {rom e ) T
€'e — HL , HL and PV‘o{uw h@bH\uos
IS TAAT : |
a) FOR E 5> MuL
=32
6‘(ec-; HL +HL) ~ 6(ee ayu) 210 it -
( that v relah 0?17 fua/\ cownt. ra*es) E®
b) & THRESHOLD -Lke PATTERNS ARe EkPecTed
FOR 6" AS i FUNCTION OF YH¢ eUeR@y
o . ‘_./see N_. CABIBBO § R. GATTD
heoo Nvovo ctM. 2o
.391 EPIEE L =2 (/85 (1960) )

2. HEAVY LEPTON SeArcH (N e*e reactiowy |-
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THE  CLEANEST waY To Look For H.L'S v
- ee EXPERIMENTS s TO! CONSIDER DECAY MODES
IV WHICH 's Ad e's  Are avorvesn .
INFACT HADRONIC CHANNELS couLd BE HEAVILY

| couTAmNATeb By OTHER COMPETING REACTIONS

+. -

e e - ,--Ml- + HL

/ V\‘;\\

;,_\\-4:...,_#
)H; adr . |

( mixed le? pmal stuie channels

ave C&wakdef@d ) hen co@mear
. nom cefs lanar

Reforemces ;
TV Aes - Dol et ad et Nuwo Gim 4, 1S6 (70)

— H. Boanavdind <t afl. . Xxul INT. CONF. H.E.E.
| Batwia L. 1972
~ M Reamanddu; efad . Nugvo Com. #A 323 (1173)

" { - F. Gradimus ot 2l. _ INFN Inr. Reg. 49s  (1973)
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RESULTS : ; /ﬁ,
BCF 0.6 <Edean < 1.5 Gev [ro con &

ININTE6R LUNMINOSITY = 4SO ™
NO TRUE (e PAIR Found
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~BCF CONCLUSIONS

- a) F THE H.L. 1S CoUPLED onNLY TO
ORDINARY LEPTONS (unvevsal weak
couphiung )

‘_:_J My, > 1,45 6y (45% c.e.)

- 'b) |F THE H.L. 1S UNIVERSALLY COUPLED -3

. BoTH ORDINAARY LEPIONS AND HADROATS

~ My, > 1,0 6w (a5%e.2.)
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TAnGm"UB NO €EVeNT  FounNbd

=TT ExAnPLE OF £xPECTED EVENT eATes -
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éfd* Ref. C.Bace ef-aﬂ Phys. letf. 4B 530 (3

&?-ﬂuf

AGREQS WiTH @.ED PReTICTIONS

THE SAME DATA HAve BEEN AwaLY2ed 10
CORPER TO SET B LIMIT To THE ExisrencE
o0F A Heavy ExcsTEb ELECTRON e

el ere
bey

[os suggested in ©  Fi€.low . BR.L.1Y ws@{)]

THE  INVARIANT HASS | bzsneusurmu oF Tue (€%y)
SYSTEM  AGREES WITH THe 6.C.D. PREDICTT VN S

-2 A @e*y COURLING
CONSTART

-6 lo m 13 2 2
(€rY) INVARIANT HASS

1.2 2.0 m*cc‘ey)
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9. Two-PHOTON PROCESLES
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LEPTONS (5 / HADRONS
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BOTH THE INCOMING €€ |RRADIATE A
PHOTON .
THESE TWO  6UASI- REAL PHOTOMS:
INTERACT AND MATERIALIZE INTD A
- systen X |

TWO PHOTER PROCESSE, DEPRESSED ¥Y

A FACHR LT wiTH RELPECT TO

THE ONE- PuoTRs ANKIHRICATION SRARHS

BUT A LOLARITHWMIC (MCREASE OF THE
sg cEenion WITH THE EMNEREY HMAKES

THts PROCESS (HPORTANT,

P

—



Two - PHOTON Pan.:sses ENG RGY
BEHAYIOVR . ' e@_be e

EQUIVALENT _PHOTO® peeroximation (E.PA):

both the incidewl e® arve vepleced Gy
uncorrelated eqmvalen?’ photon speciva :

P(K) dk = w. dﬁ% L(ga\ )

L K,S9) = L | & l—x 2 . S
( ) + [; (1-x) ] e
where ‘W = TOTAL ENCRSGY oF Tue

e"'e SYST& -

6. (¢csee X) Aao@me w E.P A
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BEAN

LINE

4,2t WIDE ANGLE EMITTED ?Am-nct.r-':( ,p.l
(COPLANAR (|A4>|<zo°) WITH THe Bean

E> = WIDE ANGLE PARTICLES C.M. VELGCITY

IPI"‘ K=Kl _  sen(B+65)

.'."' k-— f | mea'l'sehrgg_

(c M. ﬁssum-.b; HOV (NG ALONE THE

BEAH frx(s;l v Ao

H AND K_ ARE bET&RHme_b“V-@? ﬂegsoems THe
Gneat»les OF THE TFORWARD EmiTTed e'e” Wik .
A PROPER MoMENTOM ngusms ‘DEWCt:. (rmc.wd4
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" _H. Terorowe - feu. Mod, Plygies -

REFERENCES ON EXPERINENTAL  WORKS
ON  TWO- PNOTON PROCESSES

Phys. latlers 3¢ B, 328, €63(15%)
| [ 4> ﬂDoNe7 ‘ R
il ¢ Bacei etad. - #. N.C. 3,709 (31) .
s evele b G. Bavhiellin efed. _ LNF 73/63 (n) .
ey + Phys. Rav. Lekevs |
(m-'c‘ Bace e}a.@ LUE 350 (13) ¢

- (pn- F Cwo-afaw efod . Jour. Phys C2,(%)..

- " . Burn, Phys, Cz (%)

sfent (e S. Oluff'o d'a.e Pﬂ.y; Leblevs 4_‘_&3,3?0(75) :

S &5(mh) gy 6. Babietiind efal. - LUF-74/f0 Ge)
Su.bmw b L#. N Ci'm, ;

L -

FOR REFERENCES 0N THEORY S¢€ : |
L NA. omero , A . Jaccariua , P, Kasclay (19t%) °
Combt. Rawd. Ac. Sc. Paves 2698 53..
- S 7. Bmdeiy ,T Kinoshita , H. Two.e-auh.
Phys. Boo. Lellers 25 q7z(7o)
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ADONE FonﬁR.D e- TA“!NG SYSTeM

ADON &
} 620U P ¢

| N/TAGCING
o ew U counTers
° .

Honen'run AcceP+ANC€ (02 085)

E = beam ensrgy .
 GEOMETRICAL EFE(CIENCY @  w so%

- -
MOMENTUM RESowyTION €™ * § 9%

PHOTOR ENEREY K\Nown ™ e.o Me_v

YY INVARIANT mhss M z/k K
kaown L ﬁo Ma.v (fm -/A”{%)

TAGGING SYSTEM m:scmé&b BN
6. Barbie®ind a.~ui $. Ory o . FRASCATI REPORT
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MNoVOSlBIRSK : DETECTED WIDE ANGLE COPLANAR
AM
- €'e PAIRS . COPLANARITY ANGLE DISTBIEUTIWU

= CIN AGREEMENT WITH QED PRedicTioN (E.RA)
:'Abowe | .: (Torm. éuezcy AVERAGE = 2.7F CreV)

:1 () BOTH THE FoRWARD €€ DETECTED

N comcn.beﬂce u‘rTH THE wid€ ANGLE ee Pm,a
= 12 evewrs i Ly, =290 nb™' (un)

. [E.P.A. €ExPecTed MOHBGE 1, 6+11

N RELATIONSHIP P( ) P(

Tested ) | 1‘ 1~

—

L
t

B B

¢t) oty one” porwARd €t DETETED come 106
| WITH THe wlbe ANGLE e'e” PAIR |

G4 EveNts N Ly = 168 06T (11)

[ B=£05,8,) distRIBUTION
AGReEMENT wWiTH E.PA.
PREDICTIONS |
VIRTURL PHOTON CONTRIBYTION
EVIDENTIATED ! .

FORWARD 2 FORWARD e~ .
FORWARD IN THE SANE

Wwide ANGLE TAGEING
WIdé ANGCE COVNTER

R

1
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NS N TR L

1
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DEEPLY VIRTUAL PHOTON CONTRIBUTIGAS |

PAIR ?Robuc??w
€, [T Fory

‘ bide
| S fing (2
>.
PRitAry € ¥ Zfr CH,
€., ety
$CﬂTTEQ;M6 ﬂugés |

N PRINCIPLE %utmate IN ORDER TU

INVESTIGATE E ﬁ e-/T e-{c

SCATTERING .

i ) ’2-1-
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ADove . ( <25> .-.-‘2.'? GUVJ

114) ony ‘one”  Forwaed et Derecred
PLUS WIDE ANGLE PAIR |
64 €vents N .C-,.,,-Z?Onb' (I"‘

[cALcuenTed THe eNerGy oF THE
PHOTONS POSSIBLY ASS6CIATED WiTH
- TH¢ UNDETECTED TFoRWARD el aup
A SEPARATION MADE BETwWeeN
yre'e cvents FRom Q.R.P aup
V. B, RESPecTIVELY . THE COMPAR/
SoN WTH THE E.D.A. EKP&CTHTN‘U e

1S SATISFACTIRY . '
CoNTRIBUTION | 0BSERVED | €XPecTed
| | events | evears
v 8RPE. [49()t+ | aqirs
—r V.P.  |4ST@E)t¢ | 48L9

i | ‘ ‘ﬁ& A
: - -9 5";,4”’“”‘* _
. ‘- | 'Or$ L
_ - f41nzA¢444uLfo
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e e r;fx, .(A.boale)

{2E) = 2 7 Gel | @
J‘JT:.ZSO nk™ up

¢) ONLY ONE - FORWARD | ei

DETECTED . COUNTING RATE AGRE:S
.~ 20 evenTs | wre E.7A
[e.P.A.€xpP. = 2823 ]

'.n-) ROTH THE FORWARD &t KINEHMATICAL

DETECTED CONSTRAINTS  ALL
10 EVENTS | SATISTFIED (dquL et
[E-P-A. EXP. pert 11 - l] : | oy, "QJ‘. M *"“r& ‘.L <

mea,\ued ) IN PARTICU_
LAR THE TQAN’SVtRSE MoMENTUM 1S BALANCED

‘ ( Modxirmwr,. allowed wnialomee L = 15 MV L ).
| (eW? 28 = %&“2,2*3.0 Gh’—\f)

| .A&&eweur GITH ‘E‘;P,A-
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. ee — € ¢ 4+ HADRONS (FR) SR0IL .
» - CC=+1) L_/"J/ | )

EXPERIMENTAL gEQUIﬂEHGNTS . -

————-————q——

- both the forward e= defected ; :

| - & Wonas -[-u.lly ,de\l@lbp{u% n Hha oppofri\‘-e
- wide a'vw‘Qc f‘e,lesmgzes 3 w
E © = ND col(fmv;ily ;. - | |
= maclaor intevachong n the wide a.uqh. .
provas ( scatiening  or unbelanca of He |
of travguerse momentum when Sfopping ),
; = howm e.m, showering behavouv . -
= - C2€S = 2.7 G/
. EXPERIMENTAL RESULTS Lrr = 3%0nkt -
" REACTION| copanariTy] events| My (TVinee
4 ee—p»| | (Mev) dHgy=tiotel}-
“eem |4 ¢ 5° 4600 (nw) -
B T | . /] s
| Tojdadr=s | = Tase0 () .
3&?51—&0&& 44> '80 ] 200 :
TTHANT 2 > ¥ ;‘ | -
WS \Ed | 2= 400 :
' | -
natl ke
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ANALYS! s

( C=+1 pADRONIE STATE)
( in primelp

IF A cnAep @CS@NﬁN‘c&'R(wa« M, T=0,2..,
Cz=+1, 2y decoy width P&,‘Q 1S = PROZUZED
The 1'o'm¢. CROSS SECTION .

- (2 Y [ 5 2 45) Gyon

" 459

BECOM €S |
- 4 - SH 2
st R) = ?(i )a gy 1)

TIEREFORE A wcasemFWemra o&' § (et e E)

IS A TooL T HECASURE |
oucE Mg, T (fofal widh.) M@“‘r%e— knioun

PISSIBLE CANDIDATES FoR THE ADONE fan

DATHA
& T .0 " M 660 My
I} = 600 '
-.---ff--f“-“
N\ = T :~='-f0' H,,:..-.fz?s*gw

-25-
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BUT , NoN RESONANT CONTRIBUTIONS FRom
THE (¥ —> HADRONS PROCESSES fARE TO
BE EVALVATED N ORDER TD ISOLATE
THe RESoNANT PART. | |

T

ASE ee m e TR |
g evenrs (M, =600,650 kW) .

Born \@?‘fn calewlatrons fw yy-= /\e.dv”*_
cannct exploir Fhis rate. T, -

IT THE CHAIN 1S ASSUMED To BE: o
ete »efe & | | - X
- AR '
THEN | +ie Re
' r’ = 410 -8 k@v L

e e,

2nd 1]

to o el (Whie ) = 80602 30
ASE € -» €& T A SRR &’l = 560V -
. ( ) W T Yy
@évé“? L |
7 resonant contvibution

quhowﬂ— ‘ ;f {"\t eumf .
gy

= 2y s

SCalowor [ tha cvent
LA » & 33 keV dmet fom

| ) o’- Yx* ha.d\'on ,

| = (95% c.l2) [ pon resonam*

=
v

| 226



ELECTRO MAGNETIC  STRUCTURE OF
'HADRONS . TIME- LIKE FORM FACTORS

MESON  FORM Pﬂc-mﬁ-s
. THE T'HG - Like

TRANSFERS oF Tﬁ€ ¢H FoRM FACTIRS OF
o n's ANy k'S 18 1NvesTIGATED vIA
. THe et€ ANNIH)w'row REACTIONS
e - nle
ete - K*K.

m OMé' PHornoan ﬂPPRAHHWWON
T\‘,k

Wk

Cq?-)' Sewn 9 _

€GION OF FoUR. potreNTUM
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TOT 1S WELL RNOWN  THAT THE Q< i(ﬁe%)z

ReGION 1S DOMINATED BY THE PRODLCTION
= OF UNs'MBL& vecme mesons €, 0, b -

= THe vecm. uesw ROLE  SHOwWS P ey
= CLEARLY  WITH goMPS 1IN THE 2'e AN
- LATION ce.oss secnoaas JusT AT _Tﬂe
" KNOWR vecro& né-sw MALES IN THe REACTION
- cﬂﬂﬂﬂeLs ﬂCCESSIBLE ViA Tﬂr& vec'roe rESCON
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ee -’rtr:. | ot 745(&0/5\2
| msav + NOVOSIBIRSK

At Fearo&es :
— (5 = Me*) RELATIVELY WI6K

s oF 4000 wb )
- e-w m"ren.Fee.euciE .em:ecrs PRESENT

Gounnms- ¢A m)ﬁm TrPe OF Pilon FORM
FACTOR. exmesswu SATISFACTOILY FITS TH¢

EXPERIMENTAL DATA WiTH THE FOLLowryG
" VAWES FIR THE PARAMETERS
Mg = 772.3 £ §.9 Mav
Fe 2 _13s.g X IS MNaV

(&(warn) = 0.7 o008

<P =(?78.3 ¢ l,f 9) - relafive pha:e of He
CrNnR and W BRR

- am hfudﬁ
B@aee) =(a42 to C) 10-8

(e~ ee) = (s.gto0.5) KeV
1 , 4w =2.38% 0./%
/Ql‘& a266$03?.

genn.

ﬂﬁ POSSI8LE ESTINATE OF THe @ TATL
AT Hisser eNERGleS (92 > 1(Gev/) ™)
FoLLows Fﬂo" 7?!&3 socm /u.f- .sm:uem

|| Err.. |

h




= ele” 3 AT ‘ia"f;ai' °l ¢ 1 (6ebze 3'&
= ATLIGEIY, w(msﬁv*‘:;; b Nies IS )

- ) PREBOCTIBN DOMINATING m-cnui};e.,

- Hﬂs BeeN ALso "EVIDENTIATED. By €ExciTATHO:
. CVRVER  OF THE OTHER Posei BLE -N’Cﬁ)'
~ ot-!mdodec..5 cp..; K3 Fc‘,, é - T‘t
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- THe RELE VANT Paeﬂue'rens mae THE
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'me cL)'l @W/o) REGION OF THE
AN ForM | TACTOR HAS Beew

lNVé ST\GATED AT

Novo IR\ LK : V-E. &ﬁmmu et ol

veEPP-2 PHVS LerrErRs 418,205 (72
ORSAY v B. ‘renn -HARLE , 6. PARROUR
ACO RI-?3-7 ‘c19>3)

Uv: Paris -Sud Rep,

FRASCAT! | V. ﬁcws BoRELL) E+al.
ADONE (acz- PHYS. LETTERS 408 433 (72 )

M. BM-MMLDN: eted,
(beF)  PHYL. LETTERS 448, 393 (?3)

Bé’MﬂeDw: 2fad.
(Bcp) Pws LeTreRs 468,261(%3)

( 6 BQR.BIGLLNI etad.
LeTTERE N &M, 6 553(?73)
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. 2 ( 7y ¢q®c g Cowredr) -

IN  DETECTING THe REACTION -

e'e” = h*y h¥ h= WadROW

~  NO Tr/f< SEPARATION 1S POLCIGLE

ABove % ~ J(BV/e) | | .

(Has Lomit will be entended do %5
(brv/e)tr with dha  second generadon -
Adone sef-uf C’Yeﬁ) now v o,o-ﬂ’aﬁu)

S RENEH

L

THERETFORE A  DIRECT NREASUREMENT oF e
|Fr] awp  |Fi]l wAs Been PeRFoRMED owty
v Te q% x> 2.6 cswrc.)’- (BcF)

o THIS 9% Resron N (K% = N(rn) @CF)
IN AGRESMENT WITH THE  SU3S Aud LNear

1! ik

.

- a'emwuc,pm Paw TERMS FOR THe kwNoww vs—c?er:. -

. ftéseng : T LP . LP _,,.J.P _ |

NIKID) ﬁ:c (G et e vz ) 8

- 2- -

| Na’"? .) ﬁn. | EC | | T

wi’éae P __”’e..,_‘_é__w . |
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BCF RESOLT :

AT VS =4S, 1.6 , 1.7 6

R . _°© (et > kT K7)
COE k{-k—) N 5"(&*6’-» er7.")= 53,15 |
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L.

I

I § Ak N

i

I & A E N

1

R D G N

L

S § SN § S

I

k Kk” | 3

-

- IF THe vALIDITY OF THE SUR PReDIKCTIew -
ON THE RATIO -N(k’fc)/NCn"‘n‘) s )
Assuked TO Hotd AT Hicyer §2 (Fhat «
3eqe g (W/c,)") THEN A SEPARAIIEN -

oF PIONS FROM EAONS AN RE DEDUCFL.
A—n.b FROM THE neesoﬁw EVENTS ;

. g

ele = h” e h?
/F/ mu_b [F) cAu BE CALCULATED,

. —

'S

| | | ) .
THE vm.ues o& IFW} AND R FOR 95 3@%

. ARe THEReTORE NRoDEL DEPENDENT AND ARE
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' FIG. 1 - Sezlone del dispositivo MEZA con campo magnefico trh' o
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