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Wl Nucleon model states and Nt couplings
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N experimental and model states below 2200 MeV
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Citation: S. Exdelman eor al. (Partick Data Group), Phys Letr. B 592, 1 (2004) (URL: hetp://pdg |t .gov)

N(1440) Pll I(JP) = ']2’-(-]2‘-+) Status: * ¥ ¥

Most of the results published before 1975 are naw obsolete and have
been omitted. They may be found in our 1982 edition, Physics
Letters 111B (1982).

N(1440) BREIT-WIGNER MASS

VALUE (MaV) DOCUMENT 1D TECN COMMENT

1430 to 1470 (= 1440) OUR ESTIMATE

1462+10 MANLEY 02 IPWA 7N — 7N & Nrxx
1440+ 30 CUTKOSKY 80 IPWA 7N — N
1410+12 HOEHLER 79 IPWA 7N — N

e » » We do not use the following data for averages, fits, IMIs, eIC. » » »

1518+ § PENNER 02c DPWA Multichannel I
1479+ 80 VRANA 00 DPWA Multichannel
1463+ 7 ARNDT 96 IPWA 7N — =N

1467 ARNDT 05 DPWA N — N«

1421+ 18 BATINIC 05 DPWA wN — N=x Ny
1465 LI 93 IPWA 7N — =N

1471 CUTKOSKY 90 IPWA oN— =N

1411 CRAWFORD 80 DPWA 7N — =N

1472 1 BAKER 79 DPWA 7 p— ny

1417 BARBOUR 78 DPWA 7N — mN

1460 BERENDS 7 IPWA AN — N

25 May 20 1330 ELONGACRE 77 IPWA 7N — N=xmw
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Citation: C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) (URL: http://pdg.Ibl.gov)

N(1440) Pll 1(JP) = 1(37) Status: 3k k kK

Most of the results published before 1975 were last included in our
1982 edition, Physics Letters 111B 1 (1982). Some further obsolete
results published before 1984 were last included in our 2006 edition,
Journal of Physics, G 33 1 (2006).

N(1440) BREIT-WIGNER MASS

VALUE (MeV) DOCUMENT ID TECN  COMMENT

1420 to 1470 (=~ 1440) OUR ESTIMATE

1485.0+ 1.2 ARNDT 06 DPWA 7N — =N, nN
1462 +10 MANLEY 92 IPWA aN — waN& Nrnw
1440 +30 CUTKOSKY 80 IPWA N — 7N
1410 +12 HOEHLER 79 IPWA «N — 7N

e ¢ ¢ We do not use the following data for averages, fits, limits, etc. e o

1436 +15 SARANTSEV 08 DPWA Multichannel
1468.0+ 4.5 ARNDT 04 DPWA wN — @N,nN
1518 £+ 5 PENNER 02C DPWA Multichannel
1479 +80 VRANA 00 DPWA Multichannel

25 May 2011 M. Sadler, PWA VI GWU 2011



N*(1710) summary in Review of Particle Physics
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Craticn. WA Yoo e & [Paeticie Data Growg), J Phys © 33, L (2008) and 2007 partal cpdate for edition 2008 (URL hutp )/ pde 1 gov)

N(l?lO) Pll ’(JP) = i'{f*) Status: XX X

Most of the results published before 1975 were last included in our
1982 edition, Physcs Letters 111B 1 (1982). Some further cbsolete

results published before 1580 were last included in our 2006 edition,
Journal of Physics, G 33 1 (2006).

The latest GWU analysis (ARNDT 06) finds no evidence for this

resonance.
N(1710) BREIT-WIGNER MASS

VALLUE [NeV) DOCUMENT 1D TECN COMMENT
1660 to 1740 (= 1710) OUR ESTIMATE
1717428 MIANLEY 52 IPWA =N — =N & Nrx
17004 50 CUTKOSKY 80 IPWA =N — =N
17234 § HOEHLER 79 IPWA =N — =N
e o o \We do not use the “ollowing cata for averages, fits, limits, etc. e o @
1752+ 3 PENNER 02¢ DPWA Multichanrel
1656 - 65 VRANA 00 DPWA Mulichanrel
1720410 ARNDT 96 IPWA N — =N
1766+ 34 LgaTiviC 55 DPWA =N — Nx. Ny
1706 CUTKOSKY 50 IPWA =N — =N
1662 CRAWFORD 80 DPWA ~N — =N
1730 | SAXON 80 DPWA = p— AKD
1720 2LONGACRE 77 IPWA =N — Nxr

25 May 1710 ILONGACRE 75 IPWA =N — Nxr
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N*(1710) summary in Review of Particle Physics

N(1710) DECAY MODES

The followirg brarching fractionrs are cur estimates, not fits or averages

VMode Fraction (I';/T)
N N=x 10-20 %
N Ny ( 6.241.0) %
N, Nw (13.0.4£2.0) %
I 2 AK 5-25 %
s LK
l§¢ N=x=xm 40-90 %
7 Ar 15-40 %
s A(1232)7, P-wave
lg Np 5-25 %
Mo Np, 5=1/2, P-wave
11 Np, 5-3/2, P-wave
2 N{rx )’5',33,_,: 10-40 %
MNa o7 0.002-0.05%
M4 p~, helicity=1/2 0.002-0.05%
s no 0.0-0.02%
6 n+, helicity=1/2 0.0-0.02%

M. Sadler, PWA VI GWU 2011



Slide courtesy Hiroyuki Kamano (EBAC), GHP20I I, April 27-29,201 |, Anaheim, California

Dynamical origin of P11 resonances

Suzuki, Julia-Diaz, Kamano, Lee, Matsuyama, Sato, PRL104 042302 (2010)

All three P11 poles below 2 GeV are generated from a same, single bare state!

PI1 N* resonances
100 in the EBAC-DCC model , , \
Multi-channel reactions can
. 0 generate many resonance poles
E $1357,-76) from a single bare state
o -100 1 #1364, -105) ' Eden, Taylor, Phys. Rev. 133 BI575 (1964)
£
— -200 ¢} (1820, —248) 1
Y Evidences in hadron and nuclear physics are summarized
e.g., in Morgan, Pennington PRL59 2818 (1987)

-300 : : :
1400 1600 1800 /
Re E (MeV)
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e One of the most convincing ways to study Spectroscopy of N" & A" is tN PWA

 Main objects in the PDG Listings [http://pdg.Ibl.gov/] come from:
Karlsruhe-Helsinki, Carnegie-Mellon-Berkeley, and GW/VPI

e GW DAC SAID program: tN->7N = yN->nN = y"N->7nN

e 1N elastic amplitudes from fits to the observables:
c'f, do/dQ2, and P plus a few R and A measurements, 0.4 %

e Contains resonances contributing to y"N->nN

e Assuming dominance of 2 hadronic channels, can parametrize E.M. S Multipoles
¥"N->7N in terms of tN->7N amplitudes alone A v 4

e Resulting multipoles can be re-fitted in terms of Res/Bckgr fi'{
contributions or used as input to multi-channel fits with > A~
more elaborate constraints

A1z Az Sz
e Comparison of various resonance-extraction methods gives a helicity amplitudes

more reliable estimate of systematic (model) errors

25 May 2011 M. Sadler, PWA VI GWU 2011



e Standard PWA reveals only wide Resonances, but not too wide

(I" < 500 MeV) and possessing not too small BR (BR > 4%)
e Standard PWA (by construction) tends fo miss narrow Resonances

withT < 30 MeV

e Our study does not support several N* and A* reported by PDG2008:
*** A(1600)P3;5, N(1700)Ds5, N(1710)P,;, A(1920)Ps;
** N(1900)P,3, A(1900)S;;, N(1990)F;;, A(2000)F;5, N(2080)D,3,
N(2200)D;5, A(2300)H3y, A(2750)I5,5
*  A(1750)P3;, A(1940)Ds;, N(2090)S,;, N(2100)P,;, A(2150)S;;,,
A(2200)63,, A(2350)Ds5, A(2390)F;,

e Our study suggest several ‘new’ N* and A*:
*xEX A(2420)H; 4
*** A(1930)Ds5, N(2600)I44; [BW, no Pole]
**  N(2000)F;5, A(2400)6G;q4
new N(2245)H,;, [CLAS ?]

25 May 2011 M. Sadler, PWA VI GWU 2011
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Summary of Pion-Nucleon Reactions and

7tN Experiments at LAMPF and BNL

Reactions

P — TP
mTp —>7TPp
Tp — 1N

TP — YN
TP — NN
Tp — PN

M. Sadler, PWA VI GWU 2011

Observables

do/dQ
P (=AN)
A and R
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with PWA predictions

Plotted data is tor ACM =140.00 to ACM =161.00
PI-P A ACM = 158.00 UN-Nomalized

Comparison of the spin rotation parameter A
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Summary of Present PWA Efforts
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N> YN-> TN TN NN KA, KX

SAID [ X ® [ X

Bonn-Gatchina| @ @ o0 [ X o0

EBAC o0 | 00 ox ) 9. ¢

Juelich-UGA o0 ox ox

@
Zagreb ‘* ‘* '* ‘*

Giessen o0 o0 o0 o0

Y In progress

Adapted from T. Sato review talk, “EBAC meeting”, Jefferson Laboratory, May 2010,
and B. Julia-Diaz, MENU?2010, College of William and Mary, June 2010.

25 May 2011 M. Sadler, PWA VI GWU 2011



Summary of Present PWA Status

Listings in Review of Particle Properties rely primarily on
Karlsruhe-Helsinki and Carnegie Mellon-Berkeley PWAs
from 1980.

GWU (formerly VPI) PWA includes recent data, but
differs significantly in prediction of resonances.

New etforts by EBAC, Bonn-Gatchina, Juelich, Zagreb
and Giessen are producing results but are 1gnored in RPP.

To date, no “missing resonances” found! Indeed, have we
‘lost’ the P,,(1710)?

Analyses should include tp — TN, new data are needed.

Hadronic data are needed to analyze data from photo-
and electro-production of resonances.

25 May 2011 M. Sadler, PWA VI GWU 2011
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An Existing Facility for Measurements in Baryon Spectroscopy
Institute for Theoretical and Experimental

Physics, Moscow, Russia

[.G.Alekseev, P.Ye. Budkovsky, V.P. Kanavets, M.M. Kats, L.I. Koroleva,

V.V. Kulikov, B.V. Morozov, V.M. Nesterov, V.V. Ryltsov, V.A. Sakharov,

A.D. Sulimov, D.N. Svirida, ITEP

A.l. Kovalev, N.G. Kozlenko, V.S. Kozlov, A.G. Krivshich, D.V. Novinsky, V.V.
Sumachev, V.Yu. Trautman, Ye.A. Filimonov, PNPI

M.E. Sadler, J. Kish, D. Soboyede, E. Walker, S. Watson ACU

25 May 2011 M. Sadler, PWA VI GWU 2011



Project at ITEP (EPECUR)

* Measurements of tp > pandntp >KA at P_
900 - 1200 MeV/c(+/s =1610 — 1770 MeV)

 Participating Institutions are ITEP, PNPIl and ACU

 Emphasis on narrow resonance search and N*
(1710) (second P,)

* Natural extension of LAMPF, PNPI and BNL (Crystal
Ball) programs

* Preparation for experiments at J-PARC or FAIR?

25 May 2011 M. Sadler, PWA VI GWU 2011
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« Differential cross sections at 40-120° CM as function of the invariant mass of tp-system.

« “Formation -type experiment: invariant mass resolution (0.7 MeV) is based on the high momentum
resolution (0.1%) of the magneto-optic channel.

» Statistical resolution as high as 0.5 %

* Obtain clear evidence for a narrow (2-20 MeV) resonance even if its elasticity is only 1%.

* Main parts of experimental setup are liquid hydrogen target and proportional and drift chambers.

Tp—>TDp e,

ey
-

HH }H r ﬂ ﬂ .«g;,x;:: ke ’ N H
i .\ (4 L “U U i LiH Target DC2

I'ngger & TOE
If - .

todascope
H3

25 May 2011 frer ity s wer w e ——— s
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Sensitivity for tp > T p

* Momentum range 900-1200

_ (¢}
MGV/C, 40-120° CM DCS(PLAB) ot THCM=60 deq. with resonaonce =3 MeV ond M, /I=0.05
Vs = 1610-1770 MeV g %7 [ —
. . o : o O
* Invariant mass intervals of 0.5 |5 | | S0.29
B ©0.28
MeV - “0.27
. . o e * 0.26
» Statistical precision of 0.5% : i
« Started data taking in 2009 [ o
05
: g;? '|,“.|n|||||“
i 02980 985 990 995 1000 1005 1010 1015 102¢
o b Plab, MeV/c
0.3 :-
0.2 T—
O‘PJALJI.;A‘IA -l -ge-poep g f goligg gy gy ¥
" 900 950 1000 1050 1100 1150 1200
Plob, MeV/c
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Strangeness Production (AY)
mTp—o>KYA

L mp
Kg— T 1T
Important reaction because:

— Sizable cross section.
— Pure | = 1/2 selects only N* resonances.

Little is known about resonances that decay to K A.

Will also be able to determine the final-state A
polarization, since it is self-analyzing (two
observables).

Precise differential cross section and polarization
data for - p — K° A should be straightforward to
analyze with a PWA.

25 May 2011 M. Sadler, PWA VI GWU 2011
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e Differential cross-section
with statistical precision 1%

and step in the invariant

mass 0.5 MeV at the angles

0-180° CM.

e Momentum range
900-1200 MeV/c =
1610-1770 MeV

e ~24 days of running, after

T p — T p measurements

25 May 2011

©p — KA at ITEP

DCI0

DCL{j

DC6

HH

p["

DC5

120 cm

DC8

o
LiH target

1 1 T T T T T T T T T TJT T 1]
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R0 cm
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GEANT4 Simulation for tp — KA
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Resonance formation and decay for mp — K°A
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New Possibility for Measurements in Baryon Spectroscopy

The Main Injector Particle Production Experiment
(MIPP-FNAL-P960) at Fermilab

25 May 2011 M. Sadler, PWA VI GWU 2011



MIPP Upgrade collaboration list
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M.Sadler
Abilene Christian University
V.Singh
Banaras Hindu University, Varanasi 221005, India
H. Kirk, R.B.Palmer,

Brookhaven National Laboratary, Upton, New York
M.R Anantharaman,V.C.Kuriakose, M.Sabir,R.B. Thayyullathil
Cachin University of Science and technolegy, Kochi 682022, India
R.J.Peterson
University of Colorado, Boulder
B.C. Choudhary
University of Delhi, Delhi 110007, India

W.Baker,B.Baldin D.Carey, D.Christian,M.Demarteau,D.Jensen,C.Johnstone,
R.RaJa,A.Ronzhcn,N.SoIomey,W.Wes'rer,J’ -¥Y Wu,R Zwaska

Fermi National Accelerator Laboratory
Bill Briscoe, Igor Strakovsky, Ron Workman
George Washington University, Washington D.C
H.Gutbrod,B.Kolb,K Peters,
GSI, Darmstadt, Germany
G. Feldman,
Harvard University
B.Bambah, R.Mohanta, E. Harikumar
University of Hyderabad, India
A KGiri,
Indian Institute of Technology, Hyderabad, Andhra Pradesh 502205, India
Y.Torun,
Illinois Institute of Technology
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Indiana University
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MIPP Upgrade collaboration list

V.Avdeichicov R Leitner J .Manjavidze V.Nikitin I Rufanov,T.Topuria
Joint Institute for Nuclear Researah, Dubna, Russia
D.M.Manley,

Kent State University
H.Lohner, J.Messchendorp,

KVI, Greningen, Netherlands
H.R.Gustafson M.Longo, T.Nigmanov, D.Rajaram
University of Michigan
V.Bhatnagar, A Kumar, S. Mahajan, S. Sahijpal, A. Singh
Panjab University, Chandigarh, 160014, India
S.P.Kruglov,I.V.Lopatin N.G.Kozlenko,A.A.Kulbardis D.V.Nowinsky, A.K.Radkov,V.V.Sumachev
Petersburg Nuclear Physics Institute, Gatchina, Russia
K. McDonald,

Princeton University, Princeton, New Jersey
A.Bujak, L.Gutay,

Purdue University
D.Bergman, 6. Thomson
Rutgers University
A.Godley,S.R.Mishra,C.Rosenfeld
University of South Carolina
C.Dukes,C.Materniak, K.Nelson, A Norman
University of Virginia
P.Desiati, F.Halzen, T.Montaruli,
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University of Utah
H.Meyer, N.Solomey,

Wichita State University, Kansas
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18 new institutions have joined. 6 from India.
New Collaborators in color cyan
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MIPP
:t% Main Injector Particle Production Experiment (FNAL-E907)

Horizontal cut plane
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MIPP-TPC

The Time Projection Chamber was built by the
BEVALAC group at LBL for heavy ion studies in 1990’s.
Donated to Fermilab after usage at BNL. It took
approximately $3 million to construct.

Can handle high multiplicity events. Time to drift
across TPC=16 us.

Electronic equivalent of bubble chamber, high
acceptance, with dE/dx capabilities. Dead time 16ms.
Unreacted beam swept out in 8ms. Can tolerate 10°
particles per second going through it.

TPC dimensions 96 x 75 x 150 cm.

Previous data taking rate was ~60 Hz. Electronics
upgraded to increase rate to ~1000 Hz.

25 May 2011 M. Sadler, PWA VI GWU 2011



TPC processed event
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Extension of MIPP

Pion beams as low as 1 GeV/c possible with new
magnet controls.

Was proposed to Fermilab PAC in 2006. Approval was
deferred until data analysis of first run is completed and
running in collider mode is ended. Was rejected in
November 2010.

If eventually approved, opens possibility of making
measurements in the TN resonance region.

ACU (M. E. Sadler), Kent State University (M. Manley),
and PNPI (V. V. Sumacheyv, S. P. Kruglov, |. V. Lopatin,
N. G. Kozlenko, A. A. Kulbardis, and D. V. Nowinsky)
have agreed to participate in new proposal.

Additional collaborators are invited!

25 May 2011 M. Sadler, PWA VI GWU 2011
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657 MeV/c wp — n’n
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N PWA constraint

V

E, M, S Multipoles

v

Aqpe Az S1p2
helicity amplitudes
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Single pion production

ABILENE

SHRERY mp > TIN* > 110 or r*p > TIN* > T T1'n

. Single pion production is an important reaction to search for missing resonances that couple
weakly to mN.

. With a TPC, one can measure 4 of the 5 reactions amenable to n*p scattering:

mtp —>7w*alp and wp — 1w w0 p (detect m° by missing mass)
nrp > nand T p > " N (detect n by missing mass)

. Manley and Salesky performed an isobar-model partial-wave analysis of the world's
available set of bubble-chamber data for these reactions many years ago [PRD 45, 4002
(1992)]. Data set consisted of about 241,000 events (very low statistics by modern
standards).

. Biggest problems began around 1600 MeV, where the number of important partial waves
became greater than the data available to determine them. The amplitudes for quasi-two-body

reactions as TN — A and N — pN become quite noisy. A new isobar model analysis could
be performed to determine the nA and pN couplings of N* and A* resonances more precisely.

. Such an analysis could incorporate the new data for 7 p — n® 0 n, which were measured at
BNL by the Crystal Ball Collaboration.

. Needed to analyze data from Jefferson Lab in the reaction e p —> ¢’ ¥ p.
. An 1sobar model analysis is nontrivial, but can be done with new data.
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ABILENE

ST New baryons in the nAand wA channels

« The nAchannelis pure |=3/2 and presents an opportunity to discover new A*
resonances in these final states. The n A channel could be studied by the reactions
— mp—T1np (identify n by missing mass; select A? events by invariant mass of T p)
— T p — 1" 1 p (identify n by missing mass; select A** events by invariant mass of 1*p)

— Isospin invariance of the strong interactions means that these two reactions must give
consistent results for n A couplings. This presents a tight constraint to make sure that the
couplings are determined consistently.

« Similarly, o A couplings are also pure 1=3/2 and could be studied by
— 1 p — T o p (identify o by missing mass; select A° events by invariant mass of 1 p)
— 1 p - " o p (identify o by missing mass; select A** events by invariant mass of m*p)

» These reactions present a good opportunity to search for new and missing A*
resonances. Quark-model predictions have been made by Simon Capstick and
Winston Roberts (PRD 57, 4301 (1998)).
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Strangeness Production (X's)

ABILENE
CHRISTIAN
UNIVERSITY

e Mp—o>K XK m'n
— Detect neutron by missing mass, and reconstruct X* by its invariant

mass.
— This reaction is especially important because it is pure 1=3/2 and will

excite only A* resonances.
e MpPpoK Z KT n
— Detect neutron by missing mass and reconstruct X- by its invariant mass.
« T p—>KOZO
b YA—ynp
Kg — " 1T
— Detect y by missing mass, reconstruct Afrom wp invariant mass, then
reconstruct  from yA.
* Previous two reactions are complementary, since they are a
mixture of 1I=1/2 and 1=3/2. Both are needed.
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Strangeness Production

* Resonance couplings determined for K A and

K 2 can be compared with quark model
calculations, such as those of Simon Capstick

and Winston Roberts (PRD 58, 074011 (1998)).

* Quark-model predictions have also been made

for other channels involving strange particles,
such as K* A, K A (1405), and K A (1520).
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Recent Progress

New veto wall constructed
DAQ electronics upgraded
Magnet, TPC winding completed
Zip tracking hardware improved

(I




What is needed

Zip tracking of magnet
DAQ expertise
Electronics expertise
Hall probes, beam calibration
Install Plastic Ball as a back angle detector
Commissioning of new experiment

[

|




Invitation

Additional collaborators are welcome!
Contact me (sadler@physics.acu.edu)
Or Rajendran Raja (raja@fnal.gov)

Full MIPP proposal:

http://ppd.fnal.gov/experiments/e907/notes/MIPPnotes/public/pdf/MIPP0138/MIPP0138.pdf




Summary of Present Status

e Listings in Review of Particle Properties rely on PWA'S
from 1980.

e GWU (ftormerly VPI) analyses fit data well, but other
analyses using different approaches are also needed.

e Analyses should include tp — KA, tp — 7tN and other
inelastic channels. New efforts by EBAC, Bonn, Zagreb
and other groups are now in place. Effect on PDG?

e PWA for hadronic channels 1s needed to analyze data
from photo- and electro-production of resonances.

e MIPP 1s a unique (existing!) experimental facility that can
be used for baryon spectroscopy (1-3 GeV/c m’s).
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