Physics with n-mesons:

the last results from A2 collaboration and prospects

AHHOTaIINA
[IpencraBnensl mociaeaue pe3yabraTbl A2 koiutadbopaiuu. HoBble JaHHBIE 10 U3MEPEHUIO C
BBICOKOU TOYHOCTHIO (yBennuenue ctatuctuku B 100 pa3) nudpepeHniuaibHbIX CEUEHU N
peakiuu YP—nP no3ponuian oOHapyXKUTh HOBbIE 0COOCHHOCTH peakiiuu. BriepBbie 0OHapyKeHa
aHOMAJIMS B DHEPreTUUECKOU 3aBUCUMOCTHU ceueHur ipu W =1700 MeV- snepruun
«HEUTPOHHOU aHOoMaum». O0CYXAat0TCa PU3NUECKUE CIEICTBUS MOTYYEHHBIX PE3YIbTATOB.
PaccMoOTpeH cTatyc «HEHTPOHHOMAHOMAIIMUY -OJHOW U3 HanboJiee UHTEPECHBIX MPOoOJIeM
(PU3UKU IPOMEKYTOUHBIX SHEPTUU. AHATUZUPYIOTCS AKCIEPUMEHTAIbHBIE TaHHBIA2
KOJUJTabOpaluy, MOJy4eHHbIC HA JEUTPOHE IS UCIOJIb30BaHUSI HEUTPOHA KaK MUILICHU.
[IpemsioxkeH HOBBIA METOJ U3YYEHU S Y3KMX Pe30HAaHCOB B Production” 3KCEpUMEHTAX Ha
AECUTPOHHOU MHUIIEHU. PaCCMOTpPEHBI BO3MOXKHBIE SKCIIEPUMEHTHI 10 H3YYEHUU TPUPOIBI
«HEUTPOHHON aHOMAJIMKY HA MMOHHBIX U (POTOHHBIX My4YKaX.
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Introduction — status of experiments

The experimental program was based on quality of existing experimental data and analysis

The first group of experiments on hydrogen target was complited. Now the experiments on
polarized target in progress- mainly data proceeding. Next step — experiments on hydrogen target
with new tagger -energy range of etaprime production.The first run is expected in March.
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Tagger energy range: 4.7 to 93% of E|

Maximum energy lagged
for E.- 1604 MeV is 1491 MeV

But:

* 1" is an interesting field

* Studies of 1)’ decays at high rates
possible with the CB

End-Point Tagger

* Similar concept as for main Tagger : C

+ 64 channels 1

* Energy range (=150 MeV) from
7' threshold to 10 MeV below E|

orrection Magnet

« Energy resolution AE = 2.3 MeV - — by W
» Correction magnet needed - ’ | :
+ Also threshold for £, a_and KA

photoproduction in this range!

Disadvantage:

¢ Only one tagging device at a time

Timeline:
¢ Beamline modifications start beginning 2011
+ First tests mid of 20117

Figure 8: The Glasgow photon tagging spactromear.

The first results from experiments on hydrogen target are published.
Now | want to present results of eta-production study and the influence of this high
precision results on future program and experiments.

The first published article was eta-pi production but eta-productin is much more accurate
experiment and much more carefull data handling is needed



The results of CB collaboration experiments on
photon(Mainz) and pions(BNL) beams.
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BNL dp/p 1% dpabs 2.5 Mev

Mainz dE 1 MeV

dM from Mainz(nik) ??

0.8 in dE --> 0.5 MeV in eta-mass

Conclusion:

The last results of DCS n-meson photoproduction really reach its limits
in accuracy — unavoidable systematic errors

What is next step: Polarazed target,Neutron target, Other approaches
The good results from pion beam is only up to 747 MeV/c

At low energy CS = Pcm

The program of eta-study was based on existingi experimental data and analysis, main goal — to enlage energy range of
good experimental data in region of low energy resonances 4



Study of the yp — np reaction with the Crystal Ball detector at the Mainz Microtron

One of the main reasons of experiment is a problem of R(1680) — bump or resonance?
Accumulated data about 4*10**6 events allows a detailed study of reaction dynamic.

The 120 energy bin in range 707-1400 MeV show dip in forward direction of n - mesons
at energy W(1680 MeV) . Decay eta-> 6g was used as more relaible.

Total cross-sections from A2 experiments Phys.Rev. C 82,035208(2010)
No signal at W(1680) even from high beam energy resoution measurement
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Changing of energy dependencies of DCS
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The results of study reaction yP - NP & T in 2
Energy step 7 MeV
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The shape of DCS is changing in energy range
of 900 — 1100 MeV




Changing in shape of DCS results to sharp changing in expansion coefficient
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The possible reason s of sharp structures in DCS

Effects of narrow strange resonance CUSP effects

| Recoil Proton Energy vs Beam Energy |
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Anomaly in the K X7 photoproduction cross section

off the proton at the K threshold

Example of «cusp» effect in PiPlus
Photoproduction at eta-meson threhold
Classic way --PT and neutron target experiments are in progress The FWHM of effect is about 20 MeV.

Sigﬁﬁ Bﬁmg :2 ﬁg) Cusp exists in any reaction.

To under’E?nd the reason of bump the extra experimental data
are neede



Examples of «cusp» effects
EPECUR- what it means? ELSA-cusp from eta

WIDE at B, deg.=52.60
WIS $11(1667) ate_, deg.=52.50
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The «cusp» effect is clearly seen :

Rutherford Lab pi- p at eta-production threshold clean cusp no other channels
EPECUR — pi- p at R(1680)

ELSA gp->pi p at eta-production threshold

MAMI gp->eta p at R(1680) production threshold

«Cusp» should be in S-state but gp->etap A1
Other A0
EPECUR -cusp or R(1680)?



New narrow resonance with hidden strangeness?
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Baryon Resonance Widths
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R(1680) -cusp or narrow resonance?

Efa-mesSon — hidden strangness, attractive interaction
The TC technique for reaction study of narrow resonances (cascade hyperons, charm

and beauty

The narrow strange resonances came mainly from CLAS data
New narrow resonances wih hidden strangeness and neutral decay mode?
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Status of «neutron anomaly» N

Problem of Fermi motion -two approaches

What is seen for d(ynn) ?

V. Kuznetsov et al., arXiv:0807.2316 [hep-ex] I. Jaegle et al., Phys.Rev.Leit.100:252002,2008.

5 o8 ) . -
et ot 4 s ¢ ,~p Reconstructw
LA ‘E‘r\ Iy, \W{N ¥ 1 Fa .

o = f + p & recoil N

a\k 0s R G ot f

Pl *E e g M H
ook i oAb T = . .
& bs 26" 17 re 29 a5 16 L7 nE L ] - + i
£ ip s s oo = = W, Ge¥| g2 a5 ? I
gosr 56 - o ¥ ., 4t |
LR |,:#,7._,(\_\‘\4 w H _}1 8 i . .,

jot R S R ap |

a2 ™, |20 ¥ 'tv‘, ° e qn/2/3) :

v R CTETRE T s 1500 1800 1700 1800 1500 1600 1700 1800
e e W[MeV] W, [MeV]

Kuznetsov background subtracted “peak” has width ¢ ~ 20 MeV

Integrated Strength of background subtracted structure ~ 10 ub/sr away from
backward angles.

S, background ~ 0.5 pb/sr in bump region.

If the bump is intrinsically narrow ¢ ~ 1 MeV then with suitably high E_resolution, then
one should “easily see” a structure with a factor 20 lower cross section.

MAMI has much higher intensity than GRAAL or ELSA...aim to determine p(y,pn)
upper limit < 0.1 pbfsr (still needs to be quantified)

H(ynp) @MAMI-C, §.R.M. Annand, Mainz, March 2009

New high statistics measurement at MAMI-C
PhD of L. Witthauer
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The last experimental results on «neutron anomaly» NN

The most serious anaysis is performed by Gatchina-Bonn team
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ELSA — two methods of W reconstruction



Does the “neutron anomaly” really exist?

Green — H target
Yellow — D target

Top left — published result in Arhiv right — one of preliminary result
Bottom left -- Energy vyield for different W (Peta+ PprotonCalc)
right — W spectra for different Ebeam
The spectra from recoil N and P are different and it is posible to obtaine extra peaks except R(1680)

We need and extra independed ways to confirm the existences of R(1680)
The problem — ELSA data are published but MAMI are still published only in Archiv

MAMI experiment on D target was not aimed on serch for narrow resonances
-- the distance between CB and TAPS was not enought for TOF measurment(Neutron energy)
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A2 experimental set: the distance between CB and TAPS do not allow to resonstruct
final state W for eta-n with good resolution, so we must use the kinematics
overdeterming wor reconstruction of neutron energy

Two ways of reconstruction of W
Energy scan 600-1300 MeV, step 80 Mev
Left —reconstruction from Ebeam

Right Ebeam from P4eta

W frombeam enrergy include the

rong influence of Fermi motion

Two methods of defolding of Fermi motion:

W from measured energy of fina state — ELSA
W from beam energy ELSA

W reconstruction -- MAMI

The differences between N and P in D really exist and depend on beam energy. The extra peaks is real?



Deutron wave function

Reconstruction of deutron wave function from experimental data
Green — H target Yellow — D target. The accuracy mainly determined
by energy resolution of gamma-detector. Standard way -cut about 100 MeV
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NowNhe most sophisticate anlysis of experimental data is performed by Gatchina group(PNPI-BONN)

Deuteron problems — we still need the experimental data with hihg beam energy resolution for direct

measurements of effets of n-meson rescattering and FSL ] ]

'II)'he hllghI btt_aam energy resolution permits to see the sharp changes in shapes of energy spectra predicted
y calculations
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Experimental data — more accurate data - more problems in explanation
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Baryon Resonance Widths

CB range I

- 8= -

AF e 9T p-nn —
Top quark h | o Kp-=Am I =

175 Gey
FTPPT

Baryon Resonance Widths

qgquark flavor
x137

up down strange charm bottom
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No s-quarﬁ influence?
N(udu) A(uds) Nde)
up,down strange charm bottom?

R(1680) — hidden strangeness(IN)

yD -> KP + KN -> KP + (us+udd) pentaquark 1540 MeV inclusive experiments

O*— Kn K — 1rmrmr (CLAS)
Pentaquark:

quark content uudds

mass around 1540 MeV

narrow width less then 15 MeV

decays into Kp or Kn

strangeness: S = +1

Isospin: probably 0 due to absence of q = 2

Spin 1/2, 3/2,5/2 ...
Parity: + or -

R(1680) existances,, mass and width -are very important

R(1680) the first low mass narrow resonance with hidden strangeness
n-meson -meson with hidden strangeness and its interaction with
nucleon is attractive. Before we know only strange narrow resonances

The problem of existances of such resonances are very interesting.
What is really going on at W(1680)MeV ?

The new independend methods are needed for study of bump nture.



Experimental methods of resonances study

A+B->R ->C+D formation experiments (EPECUR) _
Main features: reaction identification, good beam energy resolution
for measurment of resonances width good ratio signal/background

A+B->R+D production experiments (PENTAQUARC)

Main fetures: good e_ne_rgé/ resolution for resonances decay particles.
Really resolution is limiteéd by30-40 MeV — energy resolution of n-mesons

A+B ->R+D Threshold — crossing technique
Main features: good beam energy resolution, good energy and angle
resolution for recoil particle.

The results of R(1680) study

The neutron “bump” width is limited by energy resolution of experimental set
- mainly by shower detector _ _ _ _
Problem with neuteron target . Gatchina-Bonn analysis, Teoretical calculation
and presision experimental data

Interpritation of “neuteron anomaly”, Interference , resonance or cusp?
gn->gn — hudge background from’piO

Standard way: DCS and polarization

The increasing of experimental accuracy open a new problems

The problem of “neutron anomal)(” is one of the most interesting problem
in medium energy physycs from theoretical and experimental point of view.

The independing methods for study of nature of “neutron anomaly”
are very important.

«Neutron anomaly» is published only by ELSA group, A2 published only in arXiv

The TC technique — is a independent way to study of nrrow resonances.



Threshold-crossing technique(TC) is other way of resonances study

|__Recoll Proton Energy vs Beam Energy |
& 0.3

..ithreshold...........
___?l(fAthrgshgld________

U1_IIII|IIII|IIII|IIII|IIII|IIII

Idea and advantages _ .
1. The resolution is mainly determined by beam energy resolution
2. The MAX Jacobian peak is a best ratio signal/backgroung
3. The method permits to study narrow resonances .
4. The “low” branch is sutable for resonances search for at high
energy like ELSA or CLAS xperiments(poor beam energy and
g00d recoil proton resolution



The TC technique for reaction yP -
Test of TC technique for measurements of resonances width
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The TC method really work and
obtained width of w-meson
coincides with PDG

The experimental test of TC
technique confirmed the prospects

of its using for study of narrow
resonances. The accuracy of

method depends on beam energy
resolution.



The TC technique for reaction yP - NP on deuteron

Application for measurements of deuteron wave function
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The study of deutron wf by TC technique 3

times more sensitive in comparizonwith conventional

method



The TC technique for reaction yP - KKX

Application for measurements of cascade hyperons

The previous CLAS experiments indicate on existances of
number of narrow resonances. The TC technique may be applied
not only for for two-body final states

Simulation
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Pentaquark problem still exist. Experiments are planned in MAINZ
and PNPI-IHEP. The TC method may be applied for looking for

R(1680)(eta-neuteron system) on deuteron target in reaction:

The problems: independent method
to avoid influence of Fermi motion
two-body final state

Reaction of interest:

ytD - y+N+P)— n+N+ (P) - R(1680) +P

| Ebeam vs Tproton I

%“5; , Kinematics of R(1680) production
555 :
YA y

0.35 ’

0.3% .

o.z8f Reaction y+D->R+P

0.2 p

o.15§ éj

ouaE f Kinematics of recoil proton

R R

Egamma GeV

Experiment EPECUR in ITEP(ITEP-PNPI collaboration on pion beam):
1. two charged states
2. deuteron target

The TC method may be agplied for pentaquark search for on D-target.
The experimental set'must be added by proton detectors.



Simulation of TC technique for reactong+D - R+ P

The CS of R(1680) production is normalized on experimental data of GRAL
The TC technique displays the much more clear signal of R(1680)

Results of GRAAL experiment

What is seen for d(ynn) ?

V.Kuznetsov et al., arXiv:0807.2316 [hep-ex]

I. Jaegle et al., Phys.Rev.Lett.100:252002,2008.

WMeV] W, [MeV]

Kuznetsov background subtracted “peak” has width ¢ ~ 20 MeV
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Integrated Strength of background subtracted structure ~ 10 pb/sr away from

backward angles.

S,, background ~ 0.5 pb/sr in bump region.

If the bump is intrinsically narrow ¢ ~ 1 MeV then with suitably high E_ resolution, then

one should “easily see” a structure with a factor 20 lower cross section.

MAMI has much higher intensity than GRAAL or ELSA...aim to determine p(y,pn)

upper limit < 0.1 pb/sr (still needs to be quantified)

H(ynp) @MAMI-C, J.R.M. Anhnand, Mainz, March 2009

TC method for seching for R(1680)

WEtaN+Zbody
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The TC technique produces the much better ratio effect/background



The simulation of TC technique for reaction

WEtaN+2body

YD - R(1680)P on deuteron

Application for study of deutron wave function
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The infuence of Fermi motion on W

The effect of Fermi motion is eqvivalent the
Beam energy resolution 100 MeV(FWHM)



De folding of Fermi motion — the main problem of using neutron from D as target

Standard way — measurement of final state energy
The high beam energy resolution(4 MeV) and overdeterming of kinematics
permits to measure the accuracy of beam energy reconstruction

Reconstruction of beam energy from measured proton(green) or eta-meson(yellow)
Left — hydrogen target
Right — deuteron target

The reconstructed beam energy resolution is about 15 MeV from proton and
about 30 MeV from eta-meson(FWHM)

The deuteron effect is about 100 MeV -so we can improve deuteron effect 4 times

: PyEta TAZPhotoPhysics [ PyP1 ]
TA2PhotoPhysics e — [ TAZPhotoPhysics | . | ysics | _
| y | Entries 240324 Entries 1821
Meanx  763.7 180 r
840 Mean y 762 5 -
RMSx  41.72 160 C
820 RMSy  33.05 C =

i “t
Y o 1
Mt : I

a0
780
760

740

720

700 - s
680 20f

- ' e el '
N T DT PO PO T PO DT T e T €60 BBO 70D 720 740 760 T80 BOD B20 B840 660 EB0 70D 720 740 760 780 BOD B20 B4D
660 680 700 720 740 760 780 800 820 840 Ebeam{MaV) Ebeam{MeV)

0

=

Two types of experiments:

High beam energy resolution — formation experiments on H target(EPECUR,MAMI)
Production experiments on D target

Reconstruction W from final state particle — neutron from D as target.
The high beam energy resolution of A2 experimental set permits to study De-folding
of fermi-motion on deuteron target



E Experiments on m-beam(ITEP)
1. beam energy resolution 1-2 MeV
2. clean n-signal

Epecur update
mp —R(1680) —1*p formation experlment (EPECUR)
™D — 1T"p§ng — R§1680 § g é g production experiment
m™D — 1*n — R(1680 —TT* p + ( EPECUR + forwrd p,n detector)
m-D— m+n(p) — R(168 p —TT+p +(p
m-U — T1+p(n) — n)—1+p +(N
D R(1680

-meson detector + forward wall _
TR aef) AR posvten
- Experiments on Y-beam (MAMI)
y[fW; yepn — npn — R§1680€N Hp or n)

VB2 YRinY 2 bt = R ieso

yIR—> ypn — npn — R(1680) ) * (»/

Experiments on n—beam(PNPI)

nD—-np(n) — study of neutron as target and test of W reconstruction

No experimental data on neutron



De folding of Fermi motion

Comprison of W measured — reconstructed of final state

Yellow - W reconstucted
Green - W measured

I??&E ttaarrggtt

The spectra almost the same for measuted and reconstructed W

The shape of spectra mainly determined by poor energy resolution of eta-meson
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W with Fermi motion

Reconstraction of W final state and de-folding of Fermi motion aloow to perform
a new type of experiments on beam with poor energy resolution(PNPI)

and obtane data from neutron target with accuracy compatable with world data.
The experimental set in this case are relativly simlpe and cheep
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The draw of experimental set for study of narrow resonances

Forward detector — something like SHANS

Two types of experiments are possible :

high beam energy resolution — MAMI, ITEP

low beam energy resolution,deuteron target and W reconstruction
from recoil particle in forward detector.
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Conclusion:

1._The “neutron anomaly” is a real problem of medium energy physics both from theoretical and experimental point of view.
2 The hydrogen data of '/A2 collaboration on n-meson photoproduction is determined now by systematics errors. The
quality of dafa allowed to display unsmoothness(singularity) in energy dependences of DCS. The neutron data are in

gro ress. PT data also in progréss. _ _ _ _ o _ _
3. The problem of “neutron anomaly” still exist. The nature of anomaly should be investigated in sophisticate experiments- it
is the first narrow law mass bumB. _ _ _

4. The phenomenology problems: bump in A0 for neutron and A1 for proton production. Bump in A1 strange for cusp —
cugrp effect usually in"S-state as we see in existing experiments on gamma and pion beams. _

5. The "neutron anomaly" mainly came from deuteron target. The problem of “neutron target needs a new experimental
data with good beam energy résolution. _ _

6"c-||:[ﬂe TC technique may be applied for R(1680) study. The TC technique is an only way to study narrow resonances
width.

7. The piorYbeam with energy resolution about 1 MeV(ITEP) is very effective for R(1680) study. The good data on DCS
exist only up to 747 MeV/c so the only ITEP may produce the new high quality experimental data. . .

8. The TC technique use the recoil nucleon in a’small solid angle so ~the detéctor for recoil nucleons not so big as in
conventional experiments. . . . . .

9. The obtained data on D target permitted to measure the accuracy of W reconstruction (de-folding of Fermi motion).

10. New detector for recoil nucleon(TOF-detector, SHANS). . . .

11. The neutron data are needed for complete analysis of eta production. The exBerlments on deuteron target in PNPI are
very promising as we do not need good beam energy resolution, eta-production by pion produces much more clear signal
of eta-production and two isotopic channel exist. Today the experimental data on neutron do not exist.

12. Tte more good experimental data — more problem.

The problem of «bump» at W(1680) is confirmed now in different experiments

The existing experimental data sometimes contradict each other in phenomenology interpretation
Now we expect the new experimental data and it is difficult to predict its influence on

future program of experimental program

Cusp or new effects from strange quarks?



Dear Colleague, I am very happy to announce that yesterday the proposal to establish a new

Collaborative Research Center ("The low energy frontier of the standard model") at the Institu
Kernphysik has been approved by the Deutsche Forschungsgemeinschaft. The funding will sta
January 2012. The maximal funding period will be 12 years with reviews each 4 years. You wi

soon find details about the scientific program and new opportunities for PhD or Postdoc positi
on our webnages. Best regards. Michael
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New high statistics measurement at MAMI-C
PhiD of L. Witthauer
with Fermi motion
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GRAAL collaboration, CBELSA/TAPS collaboration,
LMNS-Sendai:
narrow structure in the cross section:

v+d—n+n(p)
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New high statistics measurement at MAMI-C
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Comparison of H(left) and D(right) targets
W(P4eta + P4ProtonCalc).M() for different beam energy bins
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