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© Motivation

© Experiment
o Crystal Ball / TAPS at MAMI (Uni. Mainz)
@ Crystal Barrel / TAPS at ELSA (Uni. Bonn)

o Nm°

o vd — N7 (Nsp.)...

o NV,
o vd = Nn(Ngp.) and v He — Nn(Xsp.)...
o yd — Nn(Nsp.)...

e Nron®

o yd — N7m7°(Nyp,.) and NWOWi(NSp)---

0 N7°n

o vd — Nmn(Ngp.)...
@ Summary
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First Level of Complication / Unknown NDF
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Low — Lying Excited States and 7 as an Isospin Filter
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Known Excited States - Constituent Quark Model (S.

Capstick and W. Roberts)
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Nucleon Resonances from Lattice QCD

(R.G. Edwards et al., PRD84 (2011) 074508)
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Basic features agree with expectations from SU (3) ® O(3) symmetry:

e counting of levels consistent with non-relativistic quark model
e no parity doublets

e Lattice results of course in very early state, m, =400 MeV...
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Experiment
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Experiment: Setup

Compton™ scattering
1906 Thomson™
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Bremsstrahlung Bethe®™ - Heitler
1895 Rontgen®™ 1932 Anderson®™
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Electron scattering
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@00

MAinzer Mlcrotron - MAMI (Continuous wave elecron accelerator)

Ec = 1.6 GeV (Lunp. < 100pA or L0 < 20pA)
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Glasgow Tagger System

E 4 Real Events
photon N

Yy

iy, 9
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~400MeV

Collimator

Random Events

74' | Il

Time (Tagger vs TAPS)

quadrupole

Radiator

photon - Ebeam+ Etagged
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The Crystal Ball / TAPS Detector at MAMI

o Crystal Ball: 672xNal (16X)
PMT read-out

o PID: 24x[4mm] ¢ symetric

Plastic scintillator barrel TAPS

@ MWPC: 2x3 layer MWPC  PID

@ TAPS: 370xBaF2 & 72xPbWO,
PMT read-out

o VETO: 384x[5mm]
Plastic scintillator wall

CB

@ Hardware trigger

L1-SE; & L2-Multi. ~ 4 acceptance

Irakli Keshelashvili (University of Basel) MESON2014 @ KRAKOW



Experiment
000

retcher Accelerator — ELSA

BGO-Ball
'é'ﬂ his 24 *"— L Dipol (horizontal)
.VD -0 ~ Extraktionssepta Dipol (vertikal)
W Quadrupol
po.,,.,‘e,\!, o stprsloiendes ‘Skew-Quadrupol
o olenol %, Sextupol
W v“ g ‘TETRA'R“W‘““’“‘" Combined-Function-Magnet
R Q b\ o Sorng. Solenoid
s‘; RN Hochtrequenz
Crystal Barrel »CB-Detektor
. on-
“ Somer i N\,
N\ % Stretcherring ]
0,5-3,5 GeV \
Booster- \\
Synchrotron !
0,5-1,6 GeV Injektonssopta
::\»ﬁ\ \
¥
3 . Sprung-
1 DESY-Resonator Quadrupol
EKS + N 4 .
LINAC 1 - % Halbzolle des Stetcherrings
(20 MeV) Skou—* o
/i Quadrupdle W € —)U..
(A T N -1
kanone A / Quelle - ‘
/ST pol.e
(50 keV)
LINAC 2
(26 MeV)

Irakli Keshelash i of Basel)



Experiment
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The Crystal Barrel / TAPS Detector at ELSA

ELSA beam

6 — CO, - Cherenkov Det.
7 - MiniTAPS
8 — Photon Beam Monitor
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Frozen Spin Target @ Uni. Bonn
\w Bonn: H. Dutz, S. Goertz an
9
Bochum: W. Meyer, S. Reichertz ’ Tincerdonn

Target: Butanol (10 H/D + 4 C + O)

Dilution refrigerator (*He/*He)

Integrated solenoid long./trans. (0.4 T)

Relaxation time T ~1000h

Polarization ~80 % ISR .
||qul9 helium from the st internal superconducting 'holding coil’

target - /

60 mm

” Butanol (C,H,OH)
mm
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Simplified Overview

' Beam dump

Focal plane ladder detector

Crystal Ball
PID

TAPS

= i Hl
———— S

Radi
adiator Tagger Collimator
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Reaction Identification

®Neutral and charged particles:

decay Op On Cincl
channel | vp — np yn — nn YN — nN
n—2vy | 2n, &1le, | 2n, & 1n, | 2n | o, | 0,

n—6y | 6n, & lc, | 6n, & In,, | 6n |0y, | 0y

®Find best combination with y? test:

m —m 2
n— 2y (Unu Uincl): X2: % k=1,...,3
3 2
. 2 _ (mp(vy)—m,0)
n — 67: X" = kgl Bmr( )z
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Experiment
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Invariant Mass Distributions (shown for ®He - data)

e © o6 o

Counts [a.u.]
Y e)
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400 600
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Nntegrate M., (E,cos(f)) between 450 and 630 MeV

Normalize

with photon flux

Detection efficiency correction (MC)

Nucleon detection efficiency correction (hydrogen data)

v+ p—n(6g) +p

Y+p—= 729+t +n
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Results

e vd — NWO(Nsp.)

o vd — Nn(Nyp.) and v¥*He — Nn(X,,)
o 7d — N1(Nyp)

o ¥d — N7°7%(Ny, ) and N7°7n%(N,,)

o yd — NT{'O??(NSP‘)
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Ph.D. Work of Manuel Dieterle

k endin;
PRL 112, 142001 (2014) PHYSICAL REVIEW LETTERS 11 APRIL 2014

Photoproduction of z° Mesons off Neutrons in the Nucleon
Resonance Region

M. Dieterle,' I. Keshelashvili,' J. Ahrens,” J.R. M. Annand,” H.J. Arends,” K. Bantawa,* P. A. Bartolome,” R. Beck,>
V. Bekrenev,6 A. Bmghieri,7 D. anford,8 W.J. Brlscoe,g I Bruclvik,10 S. Cherepuya,ll B. Demissie,g E.J. Downie,“’g
P. Drexler,'? L. V. Fil’kov,"" A. Fix,”® D. 1. Glazier,® D. Hamilton,” E. Heid,? D. Hornidge,"* D. Howdle,® G. M. Huber,”
L Jaegle,1 0. Jahn,2 T.C. Jude,x A. K}'iser,l V.L. Kasheva.rov,z'11 R. K(md:atiev,16 M. Koro]jja,17 S.P. Kruglov,6
B. Krusche,"" A. Kulbardis,® V. Lisin,'® K. Livingston,” I J. D. MacGregor,? Y. Maghrbi,' J. Mancell, D. M. Manley,"
Z. Marinides,” M. Martinez,” J. C. McGeorge,> E. McNicoll,® D. Mekterovic,” V. Metag,'? S. Micanovic,"” D.
G. Middleton,14 A. Mushkarenkov,7 B.M.K. Nefkens,10 A. Nikolaev,z‘5 R. Novomy,lz M. Oberle,l M. Ostn'ck,2
B. Ousse:ml,z’9 P. Pe,droni,7 F. Pheron,l A. Polanski,16 S.N. Pra.khov,w J. Robinson,3 G. Rosner,3 T. Rostomyam,1
S. Schumann,z'5 M. H. Sikora,B D. Sober,18 A. Starost.in,w L Supek,17 M. Thiel,z‘lz A. ’I'homas,z M. Unverzagl‘z'5 D.
P. Watls,8 D. Werthml'iller,l and L. Witthauer'
(Crystal Ball/TAPS experiment at MAMI, A2 Collaboration)

lpepartment of Physics, University of Basel, Switzerland
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World Pion Differential /Total Cross Section Data

Three of four reactions enough?

Y p— pr° Y p— Y n—pr ¥ n—> nx°
R
iii

SAID Data Base - http://gwdac.phys.gwu.edu/
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Multipole Amplitudes

o Neutron measurement required for complete multipole
decomposition

n (Isoscalar):

Alyp = mp) = Al ATV
A(yn — qn) = A5 — ATV

7 (Isovector):

A(yp — 7tn) = —\/gAV3 + \/g (ATV — ATS)
A(yp = 7°p) = +\/gAV3 + \/g (AT — AT9)

A(yn = 77 p) = +\/gAV3 - \/g (A" + AIS)

2 va, [, .v
A(yn — 7°n) = +\/;A" dJr\/;(A” + AT9)
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Missing Mass
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Analysis Cross Check - QF-Inclusive

1408 * o(n’np) . . .
s - , o Compare Q.F.-inclusive cross section
1201 > olwp) + afwn) with sum of proton and neutron cross
Le N 0 .
[s MAMI o(x"np) sections
;o
1001 a(yn — nw°) + o(yp — pr°) ~
L e
) oL % ~ o(yN — 7°X)
=T
o [
L °
60 ’;‘ X o Good agreement between two
Lo s reconstructions
40-
L o Good agreement with previous data
20 7
\ o Neutron identification/detection under
A = control
0600 800 1000 1200
[MeV]
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Proton Quasi-Free Cross Sections
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Correcting Final State Effects
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Neutron Quasi-Free Cross Sections

Ayn — nm -== SAID MAID === BnGa — BnGaxF

80
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Impact of the Data

/
N
N, AG

N
(a) s-channcl

L

N IVUA\ N

\ /
1 L Il ey -
0 1400 1600 1800 1 400 1 600 1 800 —
W[MeV] N(c) Cchann

@ Small changes for I = 3/2 low order resonant partial waves
(fixed from yp — pr®)

@ Big change: I =1/2P11(1440), D13(1700) (photon coupling changes
sign) and non-resonant background contributions from
u — & t—channel (mostly ¢t-channel, i.e. vector-meson exchange)
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Results

o vd — N7°(N)

o vd = Nn(Ny,) and v*He — Nn(X,)
o 7d — N1(Nyp)

o ¥d — N7°7%(Ny, ) and N7°7n%(N,,)

o yd — NT{'O??(NSP‘)
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n — Ph.D. Work of Dominik Werthmiiller and Lilian Witthauer

week ending

PRL 111, 232001 (2013) PHYSICAL REVIEW LETTERS 6 DECEMBER 2013

Narrow Structure in the Excitation Function of 7 Photoproduction off the Neutron

D. Werthmiiller,' L. Witthauer,' I. Keshelashvili,' P. Aguar-Bartolomé,” J. Ahrens,” J.R. M. Annand,® H.J. Arends,”
K. Bﬂnlawa,4 R. Beck,z'5 V. Bekrenev,6 A. Braghieri.7 D. Bnmford,8 W.I. Briscoe,g I Brudvik,‘0 S. Cl'nerepnya,11
B. Demissie,” M. Dieterle,' E.J. Downie,“°P Drexler,'? L. V. Fil’ kov,“ A.Fix,"”® D.1 Glazier,® D. Hamilton,®
E. Heid,? D Hom)dge,”D Howdle,® G. M. Huber," I. Jaegle, 0. Jahn” T.C. Jude,® A. Kaser‘

V.L. K: 2 iev,'® M. Korolija,'” S.P. Kruglov,® B. Krusche,""* A. Kulbardis,® V. Lisin,'®
K. Livingston,? [JD MacGIegnr ¥V Machrhi [T Mancall 3 Y M Manlav? 7 Marinides 7 M Marfinez
J.C. McGeorge,® E.E. McNicpl Eur. Phys. J. A (2013) 49: 154 THE EUROPEAN
A. Nikolaev> R. Novotny,'? NI. DOI 10.1140/epja/i2013-13154-0 PHYSICAL JOURNAL A

S.N. Prakhov,>*' J. Rpl
D. Sober,'® A. Starostin,'{1 | Regular Article — Experimental Physics

(Crysta]

1

D
T Quasi-free photoproduction of 7-mesons off 3He nuclei

Crystal Ball/TAPS experiment at MAMI, the A2 Collaboration

L. Witthauer!, D. Werthmiiller!, 1. Keshelashvili!, P. Aguar-Bartolomé?, J. Ahrens?, J.R.M. Annand®,

H.J. Arends?, K. Bantawa?, R. Beck>®, V. Bekrenev®, A. Braghieri’, D. Branford®, W.J. Briscoe?, J. Brudvik'®,

S. Cherepnya'!, B. Demissic®, M. Dicterle!, E.J. Downie®®, P. Drexler!?, L.V. Fil’kov!!, A. Fix!%, D.I. Glazier®,
D. Hamilton®, E. Heid?, D. Hornidge'*, D. Howdle?, G.M. Huber'?, L Jacgle!, O. Jahn?, T.C. Jude®, A. Kiser!,
V.L. Kashevarov>'!, R. Kondratiev'¢, M. Korolija!”, S.P. Kruglov®, B. Krusche'-®, A. Kulbardis®, V. Lisin'6,

K. Livingstons, LJ.D. MacGregor®, Y. Maghrbi!, J. Mancell®, D.M. Manley*, Z. Marinides®, M. Martinez?,

J.C. McGeorge®, E. McNicoll?, V. Metag!?, D.G. Middleton'#, A. Mushkarenkov”, B.M.K. Nefkens'®, A. Nikolaev®?,
R. Novotny'2, M. Oberle!, M. Ostrick?, B. Oussena®?, P. Pedroni’, F. Pheron, A, Polonskil6, S. Pmkhov”m

J. Robinson®, G. Rosner®, M. Rost?, T. Rostomyan’, §. Schumann®3, M.H. Sikora®, D. Sober'®, A. Starostin'®

1. Supek!”, M. Thiel>!2, A. Thomas?, M. Unverzagt®?, and D.P. Watts®

! Department of Physics, University of Basel, CH-4056 Basel, Switzerland
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Experimental Evidence

GRAAL collaboration LNS @ Sendai (ELPH)
narrow structure in the XS CBELSA/TAPS @ Bonn
v +d —n+n(p) W = 1660MeV & T = (25412 MeV)
L 08 B
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% 05E 0.8 \ g 15 i ’
S 4k o6 ¢ <f f
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GRAAL, V.Kuznetsov et al., hep-ex 0606065

Irakli Keshel



Nn
[e]e] lelelele]e]

Total Cross Sections Vs Incident E,

2 3
H D. Werthmiiller, PhD thesis He L. Witthauer, PhD thesis
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Differential Cross Sections Vs Incident E,

2 H D. Werthmiiller, PhD thesis 3 He L. Witthauer, PhD thesis
2.5 2.5
of 710 MeV | 868 MeV of 710 MeV | 868 MeV
* xx KKK&,
1.5/ TN 1.5/ ai 4,
N Ak ttxx i, 2
1A b ENmgg L3 I 3
ik u 44 mm
0_5El"'===== E.Oooooooo' 0.5!!"'*:¢“? i ::="
— 0 : ' — 0 : :
K 1018 MeV 1190 MeV K 1018 MeV 1190 MeV
St g =l Toakasta,
— rakAAAa — |A A
%05:.. ...t‘x’ t“‘ﬁt‘ %057 * *‘xi**é‘#:*
. Shy
g anfn ll.t“..-lll'= g _llllll.'.ma......'.
0 : : 0 : :
06 1390 MeV| g Cp 06l 13?0A|\A/I<2V7 m Cp
*
0.4t T TN g" 0.4t AETT L0 g“
* , k& = A Vinc *xk A Vinc
0.2/¢ & anlgm 0.2i6 F
0....-‘ .o * prcn _:l..‘.."' * 2Gg+6n
-1 -05 0 05 -1 -05 0 05 1 -1 -05 0 05 -1 -05 0 05 1
cos(8,y) cos(8yy)

Irakli Keshelashvili (University of Basel) MESON2014 @ KRAKOW



Nn
[ee]e]e] Telele]

Incident E, Vs Reconstructed IM of nN (W)

Cross Sections as function of...

o Wg(E,) : /s calculated with 4-momenta of initial state particles:
W3 = (Py + PN,%‘)2 =2Eymy + my

- Structures are smeared out because of Fermi motion

o Wg(nN) : /s calculated with measured 4-momenta of final state
particles (7, participant nucleon):

WIQ%: (Pn'i'PN,f)2

- No effects from Fermi motion, but exp. resolution for recoil n & N
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Differential Cross Sections Vs Reconstructed IM of nN (W)

2 3
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Total Cross Sections Vs Reconstructed IM of nIN (W)

3
He L. witthauer, PhD thesis

2 H D. Werthmiiller, PhD thesis
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Results

o vd — N7°(N)

o vd — Nn(Nyp.) and v¥*He — Nn(X,,)
o 7d = Nij(Niy)

o ¥d — N7°7%(Ny, ) and N7°7n%(N,,)

o yd — NT{'O??(NSP‘)

Irakli Keshelashvili (University of Basel) MESON2014 @ KRAKOW



Motivation for Double Polarized Experiment

E for “767—> Nn(Nsp.) o Circularly polarized photons

5 1 12 o Longitudinally polarized target

1/2A/V\/»>40- do __ dog

o= (1+ PrPyE)
+1 +1/2

312 A A E =

o Nip=Nza 1

1
Nyj2+N3/o PoPrd

E for ¥p — pm¥, M. Gottschall et al., PRL 112, 012003 (2014)
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Double Polarization Observable E ( ) — Ph.D.: L. Witthauer, M. Dieterle
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Double Polarization Observable E — Exclusive (

e vp — pn o C subtracted ---BnGa - MAID
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Results

o vd — Nm°(N,,)

o 7d — Nn(Ny,.) and 7*He — N(X,)
° 7cf—> Nn(Ngp.)

o 7d - Na7'(N,,) and Na7*(N,,,)

o yd — NT{'O??(NSP‘)

Irakli Keshelashvili (University of Basel) MESON2014 @ KRAKOW
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The Beam-Helicity Asymmetry

@ Circularly polarized photon

o) _ 1 dot —do— _ 1 Nt — N—
beam 19(®) = Py, dot +do- Py NT + N— J

@ 3 body final state necessary

@ Reaction plane: incoming
photon and recoil nucleon

@ Production plane: outgoing

meson-pair

@ Parity conservation
= I9(®)=-I°2r - )

@ For randomised pions
= I9(®)=1I19(®+m)

@ Mass ordering:
m(”?? N) > m(ﬂ'gv N)

Irakli Keshelashvili (University of Basel)
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Am and A¢ for the Charged Channel

Coplanarity: A¢ of nucleon and meson

Missing Mass: Am(nw) = |Py + Py — Pro— Pro| —mn

1.2 12 —
E,=650- 750, E, = 650 - 750
' _E: Z ﬁ::'é?) 1 T 10 1P 1 (MC) 1100 p (MC)
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Neutral channel doesn't suffer from the background !!!
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Comparison to Previous Results
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7O97%p for Free and Quasi-free Proton

50 w=rate 1512 Wey_—_ 1512~ 1573 Mev 15731617 MoV
A quasifree p,t ">
* free p

- BnGa2
1674 - 1702 MgV

25090180 270 0 90 180270 0 90 180 270 360
® [7]
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Parameters A,, for Neutral Channels (7°7°)

Zi:l An sin(nCI)) ;v}r(eA;.F. 05)

A quasifree n

@ Plot A,, as function of W

o m(nd,N) > m(n3,N)

@ A; for proton reproduced

good by most models

@ A, for proton much less

@ A; for neutron reproduced

very good by A. Fix

-5 . .
© A for neutron very poor 1400 1650 1400 1650 1900
W [MeV]
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Invariant Mass Distributions (

Comparison between:

--- P.S. (M.C.) % Q.F. proton ¥ Q.F. neutron free proton
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Invariant Mass Distributions (

Comparison between:
PS. (M.C.) % Q.F. proton ¥ Q.F. neutron free proton
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Results

o vd — N7°(N)

o vd — Nn(Nyp.) and v¥*He — Nn(X,,)
o 7d — N1(Nyp)

o ¥d — N7°7%(Ny, ) and N7°7n%(N,,)

o vd — N7°n(Ny,)

Irakli Keshelashvili (University of Basel) MESON2014 @ KRAKOW



Previous Results —

@ Investigated channel: @ Solid lines are theoretical
yp = nr¥p calculations including only the

.. . D
@ Result: Reaction is dominated 33
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Total Cross Section Vs. E, (

) — Ph.D. Work of Alexander Kaser

Neutral Channels Charged Channels
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Total Cross Section Vs. W ( — Ph.D. Work of Alexander Kaser
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Ratios of the Total Cross Section ( .D. Work of Alexander Kaser

° o(mp) = o(mn) =

= 30(n%) = 50(7n)

@ A simple theoretical calculation,
considering only the Clebsch Gordan
coefficients for the isospin couplings
shows, that these ratios of the total
cross sections suggest a decay-cascade + aomeyaene)-t
of the form: ¥ & ofpro(m)=1

(
(
4 o(mn’ )/G(pnn )=1/2
v o(pnm )/G(nnn) 1/2

. ratios

f@?uuwn
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A X =
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gk

A" —=n+ A" —=n+7+ N or 0o ‘ ‘
A* 57+ N*—>n+r+ N 1700 W 1900

o The specific channel can than be
identified via invariant mass
distributions
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Summary & Outlook

o vd — N7%(Ny,p,.) — First and very important measurement.

o vd — Nn(Nsp.) and v3He — Nn(Xs,.) — First extraction of diff.
distributions and two different nucleus.

o 5d — N1(Ny,.) — Polarization observable E.
o 7d — N7%79(Np,.) and N7t (N, ) — Beam—Helicity Asymmetry.

o vd — N7'n(Ny,.) — First measurement on quasi—free neutron and
proton.
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