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Il. Phenomena

3. Resonance Region and Isospin

Or: Hints of Hadron Substructure

References: [PRSZR 2.4, 6.2, 7.1/4; HG 6.8, 14.2, 8.4-7; Per 3.12; HM 2.6/7; PDG 49]



http://home.gwu.edu/~hgrie/lectures/nupa-script+slides/nupa-I.resonancesisospin-notes.djvu

(a) The Resonance Region
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resonance as global excitation of nucleon. <13

(b) Knock out constituents (virtual particle cloud)
= inelastic process, also via resonance.
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Importance of elastic decreases.



(b) Nucleon Resonances [PRSZR 7.1]
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More Resonances: Different Probes — Same Pattern
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W2 = (p+¢q)*: inv. mass? of fragments

First Resonance Region:

One narrow, isolated bump around

0~[0.3...0.6|GeV < W=~ 1.2GeV
alsoin tp, %, w1 p, w N (etc.)
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Second Resonance Region:
Q~[0.5...1]GeV (W ~ [1.5...2]GeV)
Two isolated slightly broader bumps
inT p, TN, yp
but nothing inTp, T n
(see next slide)



Resonances in 7N — N Scattering & YN — X Photo-Absorption

Not all bumps in all channels, but some pattern!

N — TN elastic v — X photo-absorption (inelastic)
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[Weise: “Quarks, Hadrons,.. .”, Les Houches Lecture 19961



Some Baryon Resonances Identified by the Particle Data Group

Table 1. The status of the N resonances. Only those Table 2. The status of the A resonances. Only those with an

with an overall status of s+ or ###x are included in the overall status of s## or ##*x are included in the main Baryon

main Baryon Summary Table. Summary Table.

Status as seen in — Status as seen in —
Status Status
Particle JP overall 7N Nn No Nw AK XK Np Am Particle J” overall TN 7N  Np No Nw AK K Np Arm
N 1/2+ Horokk A(1232 "5/2+ dkkk kkkk dokkk F
N (1440) 1/2+ wkokk Rkkk kkokk Kok * Kook A(1600) 3/2Jr HHE kR Rk o * Ak
N(1520) 3/2 Holokk KKK kR ok P A(1620) 1/2 FHrk RRRE Rk T EEE
N(1535) 1/27  soksor sk skoks otk ok A(1700) 3/2 Hok kokokkokokok b Kk Rkk
N(1650) 1/27  soksor s ook sokok wokk bk Rk kkk A(1750) 1/2F * i
N(1675)5/27  sksor sk ook * * * *okk A(1900) 1/27 sk *k *k d Kk Rk kK
N(1680) u/ZJr SRk ks dokkR K sk SRk Kok A(1905 )5/’7Jr dkkk  kkkk Rk d sk Kk Rk
N(1685) 27k A(1910) 1/7+ FHEK KKk e * % *x
N(1700)3/27 ok s sox * * * * Hkk A(1920) 3/7+ HEE kAR Rk n o okkk *x
NAT10)1/2F ek rx drr drn Kk Rkk Rk ko A(1930) 5/2  swx s
N(1720)3/2F sk wwsn worx ok ok Rk Kk % A(1940) 3/2 = % ok F (seen in An)
N (1860) 5/2%  ax ok ok A(1950) 7/7 kR ok ok o Rk kR
N(O8T5)3/2  wxx  x  wex ok . A2000) 5/2F %« r -
‘\'(1880) 125 s x * *x * /27 % * b
N(1895)1/27 s * Fx% *k K x /2 * * i
N(1900)3/2F  ssx  #x kK *k sk kkk kk ¥ *x 9/2%  xx *% d
N(1990) 7/27 sk wx ok * (’3a0) 5/27 x * d
00)5/27 wx % o ok Wk ok s A(2390) 7/2F * e
N(2040)3/2F « A(2400) 9/27 x x n
N(2060)5/27 s ok *k * ok A(2420) 11/27 sorosr worne %
\"("100) /2% s A(2750) 13/27 w
N(2150)3/27 #x  #x  xx ok *k A(2950) 15/27 sx s

'\'(7190) 7/2 A * = * ##%k  Existence is certain, and properties are at least fairly well explored.
(22 s o ok Existence is very likely but further confirmation of quantum
N(2250)9/27 sk sk numbers and branching fractions is required.
N(2600) 11/27 sorx wkx ok Evidence of existence is only fair.

N(2700) 13/27 s+ *ok * Evidence of existence is poor.

wxxx  Existence is certain, and properties are at least fairly well explored.
ok Existence is very likely but further confirmation of quantum
numbers and branching fld(,ll()lh is required.

ok Evidence of existence is only fair.
* Evidence of existence is poor.

What is the guiding principle/underlying symmetry?




(c) Isospin in Nuclear Physics Heisenberg 1932
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Figure 8.6: Level structure in the two isobars "Li and
"Be. These two nuclides contain the same number of nucle-
ons; apart from electromagnetic effect, their level schemes
should be identical. J* denotes spin and parity of a level,
I its isospin. Parity will be discussed in Chapter 9. [For
reference see F. Ajzenberg-Selove, Nucl. Phys. A490, 1
(1988).] . HG
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Fig. 2.6. Low-lying energy levels of the three most stable A = 14 isobars. Angular
momentum J and parity P are shown for the most important levels. The analogous
states of the three nuclei are joined by dashed lines. The zero of the energy scale is
set to the ground state of '#N;.
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(d) Isospin in Particle Physics
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Figure 14.5: Cross sections for the low-energy elas-
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tic and charge-exchange pion proton reactions.

Relation between charge, baryon number, isospin:
Gell-Mann—Nishijima without strangeness

w (Gev)

Postulate: Strong Interactions are approximately isospin-independent: [T,Hstrong] ~10:

Mass difference from electromagnetism & small explicit breaking: €(Hem + Hexpl) With € ~ 1072,




(e) Iso-Multiplets Predict Cross Section Ratios

Postulate: Isospin Multiplets have common origin. — Combine like spin.

ot =In® 1+ 1yQI; = |IM) =Y, (IM|Iym,,Izmz) |Inmy) @ |ILzmy)
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with M = my +my, |Iy — Iz| <1 < Iy + I like spinology.

= (I'M'| Mstrong|IM) = 8y yppp Mop41(E): reduced ME is function of E only, labelled by 1.

%N Rz = % D % —> 2 independent functions M, (E), My(E) characterise 8 TN processes:

6 direct/elastic reactions: Nt 0 — N+0 & 2 charge-exchange reactions pr® < nnt, pn~ <> nx
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Compare to Data
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Baryon Resonances, Again: /(J”) Assignment

1
Nucleon Resonances: I = 3 A Resonances: [ = —

Table 1. The status of the N resonances. Only those Table 2. The status of the A resonances. Only those with an
with an overall status of s or ### are included in the overall status of s## or ###x are included in the main Baryon
main Baryon Summary Table. Summary Table.
Status as seen in — Status as seen in —
Status Status
Particle JP overall TN 4N Nn No Nw AK YK Np Am Particle J” overall TN vN  Np No Nw AK K Np Arm
N 1/2% s A(1232) 3/27  sorx wkkk dkkx F
N (1440) 1/2+ FARKREREK Aok Fxk % Hook A(1600) 3/2+ FHE kR Rk o * o
N(1520)3/2 sk sk ok sokok Hokk ok A(1620) 1/27 sk sk ok r ook okok
N(1535) 1/27 sk sk sk sobok wok A(1700) 3/27  somiox kiR ok b ok ok
N(1650) 1/27  soksor sk ook Fokx SRk Rk kR kR A(1750) 1/2Jr * * i
N(1675)5/27 sk sk ik x * * kkk A(1900) 1/27 sk ok ok d sk ok kK
N(1680)5/27  wtowk ik dobrr % kx ok okok A(1905) 5/27  doksk okkk dokokk d Rk kK kK
N(1685) 77« A(1910) 1/2F  sosr sorise 5k e kK kx
N(1700)3/27  sowe wox sox * * * * Hkk A(1920) 3/2Jr kxE RER Rk nookek *x
N(IT10)1/27 sk wwx drx xn Rk Rkk Rk ok A(1930) 5/27 sk sk
N(1720)3/2F s wxsr worr ok Wk kK RE F A(1940) 3/27 = * ok F (seen in Arn)
N(1860)5/2% #x % Kok A(L950) 7/2F  doksk dokkk dokkk o Rk ok dokk
N(1875)3/27 sk x Hokok Kk Rk Kk ok A(2000) 5/27 % r ok
N(1880) 1/2T wx  # * * * A(2150) 1/27 * * b
N(1895)1/27 #x  x ok ok wok A(2200) 7/2 x * i
N(1900) 3/2F  swr #x dkk ok Hk o kkk kR ok kK A(2300) 9/2F  #x ok d
N(1990)7/2F  wx sk ks * A(2350) 5/27 * d
N(2000)5/27  wx o« o *ok wE Kk A(2390) 7/2F % * e
N(2040) 3/2% A(2400) 9/27 wx kx n
N(2060)5/27 wx  wx ok % o A(2420) 11/2F sorrx wornn %
N(2100)1/2F = A(2750) 13/27 %% xx
N(2150)3/27 % %% xx ok ok A(2950) 15/2F sx s
N(2190)7/2 o e * o * ##%k  Existence is certain, and properties are at least fairly well explored.
N(2220) 9/2+ ok ok Existence is very likely but further confirmation of quantum
N(2250)9/27 stk ook numbers and branching fractions is required.
N(2600) 11/27 sk sk *x Evidence of existence is only fair.
N(2700) 13/2% % ok * Evidence of existence is poor.

sk Existence is certain, and properties are at least fairly well explored.

sk Existence is very likely but further confirmation of quantum
numbers and branching fractions is required.

*ok Evidence of existence is only fair.

* Evidence of existence is poor.




(f) Isospin-Invariant Interactions




Next: 4. Deep Inleastic Scattering
and Partons

Familiarise yourself with: [HM 9; PRSZR 7.2, 8.1/4-5; HG 6.8-10]
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