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Introduction

e The pp— pNzr reaction
e The pp— pK'A and pp — pK'Z’ reactions
e The pp — ppn reaction

Conclusions




Resonance production in pp collisions near threshold
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The excitation of the resonance can be caused by several different
mesons,
Possible resonances being excited are:

N* = N(1440)P;,, N(1520)D3, . for 2m
N* = N(LS:“S)S“, for mn
N* = N(1650)S;,, N(1710)P;; ....  For K’




Available data on the pp — pNzz reaction from experiments

near the threshold at the CELSIUS-ring in Uppsala

Reaction Threshold (MeV) Beam Energy (MeV)
pp— pprTm 600 650, 680, 725, 750
pp— ppr’n’ 579 650, 725, 750, 775

pp— pnr*n® 592 725, 750, 775
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Experiment 1/2

The CELSIUS storage ring
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Experiment 2a/2

The PROMICE/WASA detector
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Resonance production

% Production via N*(1440)P;;, J'=4", T=1 Decays with 30-50 % to 2=
Threshold = 1140 MeV pp collisions

The N*(1440) has a 5-10% probability to decay directly into 2.

T,, =0, £=0

N*(1440) .
P ; " —

' T=1,0

The N*(1440) has a 20-30% probability to decay into a A and a =. This gives the
alternative decay route to get 27 in the final state.

N*(1440) ‘,.-"'5(1232) I,,=0,1

p F : p




Kinematical mass limits for pp — pN*— ppan at
Ty= 650, 775 MeV

N*(1440)

2x decay limit
(1216)

1 000 1200 1400 1600 1800) 2000
Mass (MeV/c2)

: N —Arx 20-30% . .
ti cha : = b =
The ratio of the decay channels N > N@DL - 5-10% given by the PDG is =3

This ratio will be much smaller at energies corresponding to the red section.



% Production via double A.  Threshold = 1360 MeV in pp collisions.

A(1232)
p | p
Lo L =L 2
P = '
A(1232))

% Production via N(1520)Dy; J*=4", T=4 Decays with 40-50% to 2.
Threshold = 1344 MeV in pp collisions.

T, =0, (=0
N*(1520) .
P 5 p
Lol < 8%
o p
N*(1520) _,--"'5(1232}”,-"”
P “ : : p
: 15-25%
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Set of Feynman diagrams for VV — VNaz

L. Alvarez-Ruso, E. Oset, E. Hernandez, Nucl.Phys. A 633 (1998) 519
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Predictions by L. Alvares-Ruso, thesis 1999.
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Dominating amplitude close to threshold for the reactions
pp— ppr'n- and pp— ppr’zx" according to Alvarez-Ruso

o by =0 T, =0 P=+l

N*(1440)

| T=0 “eff.” ©

T=0 dominance is indicated from «p — ' p scattering. Effective o
exchange. The derived V' o coupling strength is 1.33! This is large
compared to the value = 0.5 derived (model dependent) from the

partial decay width of the N'(1440)— N +(2z). " channel (M.
Soyeur)

S =W

N (1440)— N -+{2;er 1.]. L (5-10%). Preferred transition close to
threshold.

Note! The pp — pnr*n’ reaction is not allowed in this process, since

(7*7") has no isospin zero component.
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[sospin AnaIySis

The total NN — NNax cross section can be expressed in terms of
isospin matrix elements M;; ., where 7, denotes the initial isospin
of the nuclen pair 7, denotes the final isospin of the nucleon pair and
T,, denotes the isospin of the produced pion pair. A relative phase ¢
appears only between the elements i/, and v, where 7_ =0 and
T.=2.

o(pp— ppr'n ) =rig|M,,,[ +4|M, [ +4 Mg | + k| M, [ M, |cos@
t'j" Hr_r‘” e I'i.’lnﬁﬂxll}: Emi"””q ] +‘Hf|.ﬂ’.!|“] [ *:ﬁﬂ.."ﬁ’f._‘||)‘rff“”iCUSﬁn

a(pp = pna'r')= ﬁ-;|-"'f|:||: +ﬁ|~’”m|: +4M, m‘:

a\pp —nnx X' )= -!-}; ,"-rf.:||_

Note that these cross sections depend very differently on the different
amplitudes.

The proton-proton initial state leads to 5 unknowns and 4 isospin
independent cross sections. In order to find all amplitudes one has to
have data from proton-neutron collisions as well.

Let us write down one of those amplitudes, e.g.

olpn— ppr r’)=c(pn—-nmr''n’)=4&M,,,| +4M :+1J‘.."l’.fh, :
121 &7 24101

I
®0

Note that here we get the additional amplitude A/, not occurring
for the pp collisions. Including all pn channels one also get the A/
amplitude.

LILET]



Assumptions about the dynamics of the reaction process restrict the
number of matrix elements that can contribute.

Close to threshold one can assume that /,, =0. Since the wave
function y(27) must be symmetric it follows that 7,, = 0 or 2. In the
same way if £, =1 it follows that 7, _=1.

SS goes via the N'(1440) where the pion
paxr has r,, =0 and consequently = 0. That means that only the
amplitude A/, remains, and one gets

o(pp— ppr’n” )= |M

|n||

a(pp— ppr’n’)= -l;|

Lm‘
o(pp— pnr*n’)=0
Note that o( pp — ppr*n)=20(pp — ppr’n"),

and also that
a(pn— ppr x')=0(pn— nx'x®)=o(pp— nnx*n*)=0

ot bl

hat the re ' e delta AA then for £, =0
we can have T —OarZ T}ut means thattheamphtudes M,, and
M,,, remain, and one gets

o(pp = ppr'n ":T!TF|M1,:| ' +rl~|"”1n|‘; + 1M Mlm‘cnsgb
o pp — ;;-pfr“.?r“}:?‘iﬁ‘Mm ; +f5|M|m“ _7|?ly7:'JM 4 M“”|cus¢§

5

o(pp — pnr” ff“l"4'n|M1:|




What can we learn from the present data?

Assume that £, =0 is the dominant pion configuration.

From the isospin analysis we find that for ¢, =0, then 7,,=0or 2,
and the contributing matrix elements becomes

2 +Hﬁ'!|n]

m!’f’_’f’f"f’rj:ﬁﬂlﬂfm ++?|'IE|M1-"

IM“H r't:usﬁ)

a(pp — ppr°x")=g5 M, | +LJ‘5|MH||i- _]','E:m‘“wm

M, fcose

e

o(pp — ;mﬂ")‘!‘j'}=3:1

‘Uul

From the experimental data we get the approximate result that

olpp— ppr'n )=c+Ac and o(pp— ppr'n’)=c-Ac

aglpp—=pnr'a’)=a (o=1.0ub and Ac= 045pub at Q=60 MeV)

This result can be used to determine the matrix elements and one
gets from above that

a(pp — ppr'n )+o(pp — ;Jp)r”a‘r“l=3%‘M|:, i +J4~!M“”r
Since |M,, [ =&  we thus get that M, = :—fa

The amplitude |17, "is thus twice as large as |Mm,f !

The channel N'(1440)— p+(2z)," (directly or via the N* — Az

branch) can only be involved in |/ ", while double AA can be

1
involved in both M, "and ‘MH”[: :

This indicates that AA is the dominating reaction amplitude at
threshold!!



But what about the cross section? The different amplitudes come
with drastically different coefficients!

Look at the sum of the reactions to avoid the cos¢ term

|:1,: HI"“u_n‘: :%‘7“*‘%1’3"

o(pp — ppr*n~)+0o(pp— ppr°n’) ﬁlﬁ“"f

The dominating part to the cross section comes from the
‘M " ‘ term, which contains the Roper resonance (as well as the
double AA)

Accordingly, the large pp — pnr'z¥ cross section, not allowing
Roper excitation, does not contradict a large sensitivity to the Roper
resonance in the (pp — ppr' ) reaction.




Differential cross section of the pp — ppa' 7z~ reaction at 750 MeV

do/dcos(0) [nb]

5001
L 1 L i J. i i i i 1 i i i i | L i in i
-1 -0.5 0 0.5 1
cos(9)
Black points represent the data.

Close to threshold and for s-wave pion production, the shape of the
proton angular distribution depends only on the type of meson
being exchanged.

_ 1 - -
Ay ~ T, (Fw,) Sigma exchange
qg —mn,

- 1 _
A:r i (W4yﬁy’2 )E—I__mi(% }’s!ffu) Pion exchange



Assuming a reaction process close to threshold

s-wave pions

P, —)- P,
vV q9=p, P,
Pg : P4

An approximate expression for the cross section variation
can be derived as

0(6,)~1-a-cos*(6,)

The constant a depends on the mass and the momentum of the
exchanged particle

a>0 for o and p exchange

a<0 for m exchange or

The experimental shape of 0(6),) suggests ¢ or p exchange !




Invariant mass distribution of the two pions in the pp — ppz 7 reaction

at 750 MeV
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dor /dM [nb/(MeV/c2)]

do /dM [nb/(MeV/c?)]

MeV/c?
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Cross section distribution from pp — ppzr 7* at 750 MeV, versus
the pion angle, in the overall CM system
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A fit to data at 750 and 775 MeV using the amplitude

A~1 +CE| *1';2{3.{}‘,_.“H = Dﬁﬂ) for the decay into the N2n and

Arn branches, gives a value for the constant c. The D:s are the
A propagators.

The ratio of the Ar and N2n branches can then be calculated and at
masses where the measurements are done, and one gets

R(1264 )= 0.04 and R(1272) = 0.06

Using the same expression to calculate the ratio at the
resonance pole gives

R(1440) = 3.9 which compares favorable with
the PDG value, 3-4.




Summary and final remarks Fnr the PP — PN &T reaction

Data from the pp — ppa’ 7 reaction on total cross section, invariant
mass distributions as well as angular distributions seem to support a
reaction process dominated by Roper excitation. This reaction channel
is thus a potential probe to study the Roper resonance. Excitation
modes, decay modes, coupling constant, width.

However, the large cross section on the pp —» pnr' 2" reaction channel
implies that other amplitudes must be large. Double delta? These other
amplitudes are unfavored in the pp — ppr*n~ and pp — ppr°n®
reaction channels due to isospin statistics.

Theoretically, the full picture of the pp — NN&x reaction needs to be
understood in better detail. The cross sections for reaction channels
where Roper excitation is forbidden are presently underestimated.
The g}., coupling constant! Uncertainties in the Lagrangians!

Experimentally, more data are needed, in particular for the reaction
channel pp — nnz'x' which contains only the T=2 isospin amplitude

1

a(pp—>nax"n") =1}1‘M11, :
Strong efforts should be put on obtaining angular distributions.




The pp—pK'A and pp—pK'Z reactions

Resonant production

Possible resonance are: N* = N(1650)S;,, N(1710)P;; N(1720)P,,

Non resonant production

K+
p CF p
K
p y, Vo ¥
L
gf\.NQ _
2 = 27 A Sy (6)
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0(pp—>pK*A“)
o(pp— pK'Y)

ratio

Energy dependence in the A/ ratio from the
pp—pK'A and Pp—p K*>" reactions

COSY-11
S.Sewerin et al.,
Phys.Rev. Lett. 83 (1999) 682
® P.Kowina
40 F PhD thesis, Katowice (2002) |
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Resonance production in an effective Lagrangian approach
R.Shyam, G.Penner, U.Mosel Phys.Rev. C 63 (2001) 022202

Contributions from different resonances.

10 —————————
. pp — pK'X’
10"
. E o
=
e 10°
— S, (1650)
10" — Py(1710) -
— P, (1720) ]
coherent sum |
g & TE e T 4

Excecss Eu:ry_y

Note the dominant contribution from the N’(1650)S,, resonance.
The same feature is prevalent for the pp—pK'A reaction.



Prediction of cross sections, R.Shyam et al.

pp — pK'A

L
L]

0O 2 4 6 8 10 12 14
Excess energy [MeV]

The dominant contribution to the resonance excitations comes
from one pion exchange
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The pp—ppn reaction at threshold energies

Resonant production
n
Ne et
P . ' P
RN
P P

Possible resonance is N* = N*(1535)S,,, which decays to N1 with 30-
55% and to N with 35-55%.

Non resonant production

Vo =
B P

P O

' Short range, effective “c” and “@”

p : p
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