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1947: Discovery of pion
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1949: First pion photoproduction experiment
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1952: Discovery of Δ resonance
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This event marks the beginning of baryon resonance era

Physical Review 85, 936 (1952)
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1982: Baryon spectroscopy is 30 years old
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1996: known nucleon resonances
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22 N* + 22 



General spin dependent cross section

A. M. Sandorfi, S. Hoblit, H. Kamano, T.-S. H. Lee J.Phys.G38:053001,2011
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Single spin

Beam-Target

Beam-Recoil

Target-Recoil

• Pseudo scalar photoproduction 
is described by 4 complex 
amplitudes.

• Mathematically speaking in 
order to reconstruct amplitude 
one needs to measure 8 
carefully chosen observables.

• In real life it is not enough. 
There are no measurements 
without uncertainties. We need 
more than 8 and is not 
redundancy. Precision is 
important!

• Every observable can be 
measured in at least two 
different experiments.
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Measurements

Beam

Target Recoil Target + Recoil

x’ y’ z’ x’ x’ x’ y’ y’ y’ z’ z’ z’

x y z x y z x y z x y z

unpolarized dσ0 T P Tx’ Lx’ Σ Tz’ Lz’

PL
γ sin(2φγ) H G Ox’ Oz’ Cz’ E F -Cx’

PL
γ cos(2φγ) Σ -P -T -Lx’ Tz’ -dσ0 Lx’ -Tx’

circular Pc
γ dσ0 F -E Cx’ Cz’ -Oz’ G -H Ox’
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• Every observable can be measured in at least two different experiments 
configurations.

• η, η’ and ω are isospin filtered channels, not coupled directly to Δ

• It is important to measure both K+Λ and K+Σ0: isospin filter

• It is also important to do measurement on both proton and neutron target

• There is no such things as redundant data!
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Torus magnet

6 superconducting coils

Gas Cherenkov counters

e/π separation, 256 PMTs

Time-of-flight counters

plastic scintillators, 684 photomultipliers

Drift chambers

35,000 cells

target + start counter

Electromagnetic calorimeters

Lead/scintillator, 1296 photomultipliers
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Polarized photon beams
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Circular polarization from 100% polarized electron beam

Linearly polarized photons: coherent 
bremsstrahlung on oriented diamond crystal

Circularly polarized beam produced by 
longitudinally polarized electrons

H. Olsen and L.C. Maximon, Phys. Rev. 114, 887 (1959) 
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FROST
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HDIce polarized target

• Polarized at very high 
magnetic field and very 
low temperature

• Transferred to in-beam 
cryostat

• Spin can be moved 
between H and D with 
RF transitions

• All material can be 
polarized with small 
background
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Final states and observables measured in CLAS
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σ Σ T P E F G H Tx Tz Lx Lz Ox Oz Cx Cz

Proton target:   γ p → X

pπ0 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

nπ+ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

pη ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

pη’ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

pπ+π– ✔ ✔ ✔ ✔ ✔ + 8 more ππ observables ✔

pω ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ SDME

K+Λ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

K+Σ0 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

K0*Σ+ ✔

K0Σ+ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

“Neutron” target:   γ n → X

pπ– ✔ ✔ ✔ ✔

nπ+π– ✔ ✔ ✔ ✔ ✔ + 4 more ππ observables  ✔✔

K+Σ– ✔ ✔ ✔ ✔

K0Λ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

K0Σ0 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

✔Published       ✔ Analysis  complete      ✔ Acquired
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Data summary (CALS vs world)
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reaction Cross section polarization

γp→p0 1200 (21002) 700 (1341)

γp→n+ 618 (7731) 1286 (4539)

γn→p- 9127 (11411) 266 (805)

γp→p 1202 (12293) 270 (821)

γp→p’ 635 (989) 62 (76)

γp→p 1470 (3015) 5257 (5925)

γp→K+Λ 3971 (6338) 3590 (4070)

γp→K+Σ0 3633 (6204) 1341 (1467)

γn→K+Σ- 285 (354) 0 (36)

CLAS share is significant 
However quality of the data is even more important than quantity



Bump?
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SAPHIR data (1998) triggered discussion of “missing” 
resonances.

D13(1890)?, P11(1840)? D13(1900)?... lots of other 
interpretations

CLAS got into the game

First CLAS measurements (g1c): dσ/dΩ, P, Cx, Cz

Confirmed bump around 1.9 GeV
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Polarization transfer Cx and Cz
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Fits: BnGa-Model, V. A. Nikonov et al., Phys. Lett. B 662, 245 (2008)

without N(1900) 3/2+ with N(1900) 3/2+
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cross sections and P
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N(1880) 1/2+
N(1895) 1/2-
N(1900) 3/2+

A.V. Anisovich et al. EPJ. A (2011) 47: 27
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Latest η' photoproduction results
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◼ CLAS  P. Collins et al., Phys Lett B 771, 213 (2017) 
- 62 points distributed over 8 W bins

 GRAAL, 1.461 GeV 
 GRAAL, 1.480 GeV

• Asymmetry is small

• SAID (black dotted line), ETA-MAID (red 
solid line), and NH (black dashed line) don’t 
work so well.

• New fits with BnGa model work well

o N(1900)3/2+ is important! 

o Statistically significant η' branches for 
N(1895)1/2-, N(1900)3/2+, N(2100)1/2+, and 
N(2120)3/2-

courtesy of B.G. Ritchie, ASU
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Latest ω photoproduction results
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◼ CLAS  P. Collins et al., just have been accepted to 
PLB 773, 112 
(2017)https://doi.org/10.1016/j.physletb.2017.08.01
5

- 547 data points distributed over 28 W bins
 GRAAL (2006)
⚫ GRAAL (2015)
 CB-ELSA/TAPS (2015)

courtesy of B.G. Ritchie, ASU

• BnGa fit with (black solid line) and without
(black dashed line) incorporating these new 
data

• Close to threshold the process is dominated by 
3/2+ and 5/2+ partial waves associated with 
N(1720)3/2+ and N(1680)5/2+
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Need measurements for both proton 
and neutron targets to disentangle 
different isospin contributions
(neutron measurements sorely lacking)

CLAS “g13” experiment:    d → -p(p) 
8400 bins g13 triples world data base!

E : [0.445 – 2.510 GeV] 

cos θπ
cm: [-0.72 – 0.92]

FSI corrections applied to extract γn from γd

P.T. Mattione et al. (CLAS Collaboration), arXiv:1706:01963, (2017)
submitted to PRC

This first determination of neutron 
couplings at the pole positions 
significantly improves the world data

Resonanc

e

Coupling SAID Fits

Modulus, phase

PDG 2016 

BW

N(1440)1/2+ A1/2(n) 0.065±0.005, 5º±3º 0.040±0.010

N(1535)1/2- A1/2(n) -0.055±0.005, 5º±2º -0.075±0.020

N(1650)1/2- A1/2(n) 0.014±0.002, -30º±10º -0.050±0.020

N(1720)3/2+ A1/2(n) -0.016±0.006, 10º±5º -0.080±0.050

N(1720)3/2+ A3/2(n) 0.017±0.005, 90º±10º -0.140±0.065

amplitudes [GeV-1/2]

d → -p(p) cross sections
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D. Ho et al. (CLAS Collaboration),, Phys. Rev. Lett. 118, 242002 (2017).
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E asymmetry for γp → nπ+

22

S. Strauch, et al., PLB 750 (2015) 53.
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Δ(2200)7/2-

23

Parity partner of Δ(1950)7/2+

is poorly known

Δ(1950)7/2+ *****
Δ(2200)7/2- *
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Pre-Summary I

N* PDG 2018 vs 1996
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N*   22-3+9=28

• Only 3 states remained 
untouched. On of them is 
nucleon itself.

• 9 new states added
• 3 taken out
• 3 new decay modes added



Pre-Summary II

Δ PDG 2018 vs 1996
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No new Δ states have been added but 
quite a few of them has changed their 
status. 



Summary

• The field of the N* physics is still very much alive!

• There is significant progress in N* physics over the last two decades. 

• CLAS photoproduction experiments played major role in it.

• There is no redundant data. Any data are useful.

• Precision and consistency of the experimental data is of critical importance.

• More interesting data are on the way for strange and non-strange meson 
production both on proton and deuteron targets.
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“…it is probably no exaggeration to say that we now have essentially all the 
experimental data relevant to the low-energy baryon spectrum, that we are 
ever likely to obtain”  (1982)


