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E852 experiment

Search of mesons with unusual

quantum numbers
TPpo>NTP, TPpoD>TTTP,

Tmp—->nn’n, T p->onnp, mp—>KKn, ..

at 18 GeV/c, AGS (BNL)
CtatucTtuka :10.59+106 (1994-95), 8.7910° (1997-98)

E852 collaboration: BNL, SINP MSU, IHEP
and 6 USA universities
62 physicists, 12 — from MSU
1994 -2004
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Particle Data Group

S. Eidelman et al., Phys.Lett. B592 (2004) 1
——

40 Meson Summary Table
Meson Summary Table 41

71(1600) [°] v 16(UPC) = 1= =) w3(1670) 16(JPC) = 0~(3- =)

Mass m = 1667 + 4 MeV

Mass m = 1595_'%2 MeV
Full width I = 168 + 10 Mey [n]

Full width I = 312782 Mev (5 =1.1)
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AKTYaJIbHOCTH aHAJIH3A 17T ' cCHCTEMBbI

1. B HedTpajbHOM cUCTEME ME30HOB 3apsA10Basi YeTHOCTD
C = = 1 gaBJaseTrcs XOPOIIUM KBAHTOBbIM YHUCJIOM.

2. DK30THYECKHUE KBAHTOBLIe uucJjga J PC= 1 -+ qjaa
3apSAKEHHBIX CUCTEM CIPaBeAJIMBbBI TOJIBKO B pPaMKax
SU3) cummeTpuu.

3. Cnop 06 3x3oTu4eckom cocrosinuu 7,(1400) B N7 -
cHCTeMe HIET JaKe BHYTPH CAMHUX JKCIIEPHMEHTAILHBIX
IPYIIL, YTO BBI3LIBAET IO03PEHHE HAYYHOI0 CO00IIeCTBA.

4. Ecau Oyaer aoka3ano, 4to B 1|70 ! cucreme nadonaercs

(nam He Hadmonaercs) 7,(1400) pezonanc (He3aBucumo ot
ero HHTEPIpeTaun), TO 3TO IOCTABUT TOYKY B 3TOM CIIOpE.



CopepxaHue

1.n7t0 study before 2005 r.

2. Analysis of (mt+7nt- 0 ©0) system
3.PWA and MDF of nr0 system
4.Conclusion and questions
S.0utside slides
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Cuctemy T|TU ~ moxHo n3yyaTb B 2-x mopaax pacnaga 1| mesoHa

0 Crystal Barrel, GAMS, E852-1U

nm
n— 2y, BRM— 2y) = 39.4%




Crystal Barrel experiment

T] TC , A.Abeleetal., Phys.Lett.B423 (1998) 175

pn - 7 7'nx Ty mm
| 'TCO , A.Abele et al., Phys.Lett.B446 (1999) 349

pp - 7°7°n T oM
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X-_=a-2(1320) T P—=bhap
X =mn ,(1400)? Le2%

b (1235) f, (1285)
e=+l | p’(770) ,f,(1270) ,Pomeron

P~ p

e=Py(-)
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Regge model: N ~ E,**(? -2
GAMS ,S.A.Sadovsky
— p - exchange, if a(0) = 0.5
— b, - exchange , if a(0) = 0.

D+ :NNEO_I,
D, D_:N~E, 2

R=(D,+D_)/D, , So: R(E) ~E,"!

E,, Regge GAMS
GeV/C mOdel n— 2Y
38. 04 0.38
e +0.015
Rl Y 0.84

Tounee, 0l,(0) = 0.57, a0 ,;(0) = -0.37 — R(Ey) ~ E, ~?




GAMS ,S.A.Sadovsky, Nucl. Phys. A655(1999) 131¢

TP >N "Nat38 GeVic, GAMS

e W

' Regge model

extrapolation
R~p -1

R=(D,+D_)/D, ™ At 38 GeVi/c

3 a | GAMS
w e Sl R=0.38 +0.015

GAMS:

1. R=0.38 = 0.15 for one solution among eight solutions
2. For this solution R is maximum !!!

- KPUTEePHil 1151 0TOOpa PU3NUECKOTr0 pPeleHus



2,(1300) ! GAMS: After selection of the physical solution:
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a(1300) ? Lo
pPrME no0~*
- f
a()aM:O jM .-E- .rl ﬂ-"‘" _fll

| by (1235) THRR8S)
e=+1 PNRIQ) THQI0) Pesggron
MM

J
E:FH[:_:] 7

If we see a3(980) , why we don’t see a, (1320) in E852 data?



GAMS ,
mp—nxnn
7,(1400), JPC=1-
GAMS claims, 7,— nn’
M=1370 MeV (fixed from BNL data 7w;—nn")
I'=300£125 MeV

M=1308 £ 6 MeV , a,—> nn’
I'=101 + 14 MeV

S.A.Sadovsky, Nucl. Phys. A655(1999) 131c¢



nn’,
n—> 2y
(39.4%

A.R.Dzierba et al. n—p—>nn0n, n—2y, Phys. Rev. D67(2003))094015
45000 events
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Table of the P+ bump parameters
A.R.Dzierba et al. =—p—>n7’n, n—2y, Phys.Rev. D67(2003))094015

all [t| low-|t| medium-|t| high-|t|
M., 1.326 1.316 1.329 1.326

+0.0023 +0.0049 +0.0029 +0.0036
', 0.169 0.127 0.154 0.166

+0.0069 +0.014 +0.0082 +0.01
My 1.272 1.301 1.268 1.356

+0.017 +0.014 +0.023 +0.021
I' 0.66 0.19 0.67 0.629

+0.048 +0.032 +0.087 +0.064
Y2 3.23 2.13 1.51 1.60

|

Remember this result



71(1400)

L l 1 l | I | | 1

—e— e
Crystal Barrel

A.R.Dzierba —e—i —a—
et al. E852 -mm - e -
np—>N7n'n,

T]ﬂ[] - high-Itl —a— ——
M—>2y
Comparison NnY - medium-ltl  +—e— —a—

N - low-ltl — HH

f | | T | | T T T T |
L.25 130 135 L40 L45 02 04 06 02
mass (GeV/c?) width I:GEVfCE:I

A)3aBMUCUMOCTb NapaMeTpoB Nuka B P+ BOrHe OT nepegaHHOro umnyrbca
B) bonbwas wnpuHa 200-600 MaB
He NO3BOSIUIIN aBTopaM 3asiBUTb 0 pe3oHaHce npu 1300-1400 MaB



D% pomna gaer muk opu  t>— 0 !!!

2000 r n

4000

= 3000 [ A
A.R.Dzierba <
et al. Z

o 2000
n—p—>nnin, o
n—>2y
t’-dependence 1000

el
0 ;
R=10.72 %+ 0.12 t (GeVi)”

It is obvious that R=(D,+D_)/D, depends on t’ acceptance cut



R(E,)

D,

R=(Dy+D_)/D,,

:NNEO_I,
DO,D_:NNEO_Z

Regge model: N ~ E,**? -2
GAMS ,S.A.Sadovsky

— p - exchange, if a(0) = 0.5
— b, - exchange , if a(0) = 0.

Ey, Regge | GAMS | E852-lU | E852-
GeV/c model n—> 2y n—> 2y MSU
nN— n*n — w0
38. 0.4 0.38
+0.015
18. 0.84 0.72 ?
+0.12

Tounee, 0l,(0) = 0.57, a0 ,;(0) = -0.37 — R(Ey) ~ E, ~?




CpaBHEHHE aHAJIM3a IBYX HA0OPOB JaHHBIX 17!

Amn’—>4y n— 2y, %> 2y

HepocTtaTku:

1) ACTOYHUK POHOBLIX COObITUN — pacnag HeyYTeHHbIX 0 — 2y

2) HensBecTHO, YTO BEpIINHA B3aUMOACHCTBHS (TOUYKA POXKIACHHS (POTOHOB)
HaxXoJIUTCA B MUILICHU

JlocTonHCTBA:
1) BR(n— 2y) = 39.4% > BR(n— ntnn0)= 28 %
2) bonwmas cratuctuka: 45000 coObiTuii (A) > 23490 coObiTuii (B)

B> atn-n0 w0, n > ntn - no,

HepocTtaTku:
1) ®oH oT pacnaga o— ntwt ~ w0, pp—> w1~ w0 0

JlocTonHcTBA:
1) 1o 3apsHKCHHBIM  ME30HAM YCTaHOBJICHO, YTO TOYKA B3aMMOJICHCTBUS HAXOIUTCS B

MHUIICHHU



Kputnka ananmm3a nnl B padore [U
A.R.Dzierba et al., Phys. Rev. D67(2003))094015

I1. Her JI0Ka3aTeIbCTBA TOr0, YTO TOYKA B3aUMOJACHUCTBUS HAXOIUTCS

B MUIlleHHU. (M3BE€CTHO, UTO POXKJIACHUE ME30HOB MHTCHCHUBHO HJICT Ha
SApax B CTCHKAaX MMILICHH )

2. BbIGOp (M3HYECKOTO PELICHNS U3 MHOKECTBEHHBIX PEIICHHMI

BBIIIOJIHCH HEKOPPEKTHO

3. AHanu3 BnugHMA IpoTeukun D+ BonHbI B P+ BonHy caenan 6e3
ydeTa yIjIOoBOI'0 pa3pelleHus YCTaHOBKU



nm’,
nN—> o
n'— 2y
BR(n— 2y) = 28 %

V.L.Korotkikh et al.(E852) n-p—>nn’n, n— n+n—n0
HADRON99, Nucl. Phys. A675(2000)413¢




Set waves

., Allowed waves:

Notation| ] P C M

SO O + + 0

P 1 - + 0

NPC, P 1 - + 1
D(_) 2 + + 0

D. 2 + + 1

{7~ P, 1 - + 1
2**— D, 2 + + 1

background




Events: 17 1*P q

Free background

‘ NPE waves
cl>0.10 ™ :
18712 data ™' | ‘ B
180294 acc 1000 | 1.||H h ‘l}‘ 1 seof }’ | " ’H -
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Free background
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(1324 +/- 1) -+ (1280 +/- ll]Jl

Free background Events: 27 1'D N [z 1| Events:1” 1P [aonarze 1
S0 ' 2000 |
Mass dependent ]
4004 i
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Free background

Comparison of nr— and nnaC

nn— PWA |+ MDF

Mass (a2) = (1317 £1 £2)
Width(az) = (127 £2 £2)
Mass (m;) = (1370 £16 +5”)

m? PWA |+ MDF

Mass (ap) = (1326 x4 119 +24

Width(ap) = (119 £5 13 140y

-19!

Mass (m) = (1280 x24 130 170

Width(m) = (5626 £81 —EDBE'—ggﬁ

V.L.Korotkikh et al.(E852)
HADRON 99,

Nucl.Phys. A675(2000)413¢

2000 year



OTmeTUM, yTO pe3ynbTaTbl aHarin3a T]TC 0 CUCTEMbI

Ansi Bcen o6nactu nepegaHHOro uMnyrnbca
A) np—nnn, n—> n*rn® (V.L.Korotkikh et al.(E852), 2000)
B) n-p—nnn, n—2y, (A.Dzierba et al. (E852),2003)

coBnapgarT ansa nuka B P+ BonHe:

A) M=1280+ 24, T'=526+ 81
B) M=1272+ 17, T=660+48



Bonpocs! B 3agaye N ¢

. KoppexktHbiu yuer ponnl B IIBA .

. Haomogaercst i a0(1300) B SO BosiHe co cTaHAAPHBIMH
napamMerpamu?

. Bb100p puznyeckoro pemeHus.

. Beanuuna orHomenus R ?

. UccaenoBanue Leakage niisl olleHKM CHCTEeMATHYECKOM
OIMOKM ?

. lIlpynunna nuka npu 1.0 Gev B P+ BosiHe ?

. t- 3aBucumocts PWA pe3yabTarosn ?
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m p — nm p,n — 27 upu 18 3B /c

47 200 cobpituit — 7w p (1 — 27)

L5000 -5 Y3500 0,(1320)
et : ) s 3000 F
= 4000 | ] s
2 : K 52500
g o000 F 0k 2000 f
$2000F KK 5 1500 F
: e Y1000 F
1000F RS 500 £
O “"""'"“152:0”:1-?“ 0 s i g Lo I

0.4 0.5 0.6 0.7 0608 1 12141618 2 2.2 2.4
- 2
s (S - Mass (GeV/c?)

a. CrnekrTp 1o a3 dekrnBHOM Macce AByX (hoToHOB. llenTpajbHasg 3alITpUXOBAHHAA
00J1aCTh MOKA3LIBAET COOBITHS IOCJIE KMHEMATH4YeCcKOro pura. 3amTpUXOBaHHbIE
IIOJIOCHI IO KpasM IOKa3bIBaIOT 00JIacTH, OTOOpaHHBIE /IJId OLEHKHN (POHA.

b. Pacnpenenenne mo a3¢pdekTuBHOi Macce N7 -CUCTEMBI.
almTpuxoBanHasg 00J1acTh IMOKa3bIBaeT BKJIaa dhoHA.



| mass({PI0_12 P+P}) distribution | E
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T - signal and background calculation by the side bands
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Onn-line selection

Trigger: 0-2-2-(4)

* Interaction beam Mo

* Two downstream tracks
* No recoil trac
* LGD trigger processor mass > m0 mass

Off-line selection

* Reconstructed beam

* No recoil

*CsI <160 MeV

* Two forward reconstructed tracks

* Vertex 1n target

* Exactly 4 photons

* Kinematical fit selecting events consistent with (n, n, 70)



Statistics. Data cuts.

Total 0-2-2-X triggers analyzed 108,000,000  Trigger: 0-2-2-(4)
After skimming data 0-2-2-4Photons 6,000,000 nm 0
1.1. Hypothesis EtaPi0 41,108
1.1.1. Hypothesis EtaPi0,(ellips cut+cl>0.01) 26,871
With 3 Pi mass cut
1.2. Hypothesis EtaPi0 31,679
1.2.1. Hypothesis EtaPi0,(ellips cut, c1>0.10) 23492 > PWA

1.1.MC. EtaPi0, Raw Monte Carlo Events 900,000 — PWA
1.1.MC. EtaPi0, Acc MC Events,(after SQUAW) 265,972
1.1.MC. EtaPi0, Acc MC Events,(ellips cut) 196,560

1.1.1.MC. EtaPi0, Acc MC Events,(ellips cut, c[>0.01) 192,302

1.2.1.MC. EtaPi0, Acc MC Events,(ellips cut, cI>0.10) 180,294 — PWA
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m(PI0_2pi+pi-) vs m(PI0_1pi+pi-) hmim2
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10 %

Extract by squaw Cut by squaw
Omg+Pi0, Omg+2Gamma Omg+Pi0, Omg+2Gamma
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We keep these events

Nent = 41226

Mean x = 1.087
Mean y = D.8756
RMS x =0.2895
RMS y =0.1814
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m(pi0_2pi+pi-) vs m(pi0_1pi+pi-)
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Ment =10000
Mean x = 0.9288
Mean y = 0.58485
AMS x =03142
AMS y =0.1885
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Cuts:

1. Mass(3Pi) > 0.65GeV
2. (Omg+Pi0) by sq97
3. (Omg +2Gamma)

4. KO short -> PiOPi0

nd add:

mg->Pi0PI+Pi-
at mass(3Pi) < 0.65

hich was deleted
by sq97
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Number of the selected events

Skimeddata | No cut | Mass | Ellips | cl>0.01
0-2-2-4
cut cut
(6000000)
n+m-t0n0 | 3973000| 85228
N0 41108 - 31504 | 26871
nn0 35784 | 31679 23492




Distributions of mass
with cuts
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No cut With mass cuts
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| mass(Pi0_12_Pi+Pi-) distribution |
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PWA+MDF
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mass(PIOPIOPI+Pi-) distribution hmtot
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Lets fix the ratio Bckg/Data
from side bands analysis



UNPW Fixed background, t > 0.1 GeV*2, cl >0.01
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Fixed background, t > 0.1 GeV*2, cl >0.01
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Fixed background

D+ and P+, MDF, cl > 0.01
Average solution
Average error matrix

D+
M =1.330 +- 0.002 32(1320)
G =0.085 +- 0.003

P+
M =1.326 +- 0.024
G =0.470 +- 0.081

Pi,(1300) ?
In EtaPi0

Width is less then at 2000 year !!!

Preliminary



S0 and DO, MDF, cl > 0.01, 1.1 <m <1.54 GeV
Average solution, Average error matrix
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Fixed background

DO
M =1.32 +- 0.046
G =0.20 +-0.10

SO
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G =0.28 +-0.19

GAMS
SO
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G=0.101+-0.14

a2(1320) ?
In UNPW
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Lets calculate
R=(D%+D")/D+

for
nn?,
n— ntmn- 7’

«ACTOYHHUK» MHOKECTBEHHBIX PelIeHUN — BOJIHBI C HEHATYPAJIbHOMN
YerHoCcTHIO . [103TOMY HEOOX0AMMO JJI 0TOOPA (PU3MIECKOTO PellieHUs

«padotate» ¢ DY,D, SO



Regge model: N ~ E,**? -2
GAMS ,S.A.Sadovsky
D, :N~E;,~!, — p-exchange, if a(0)=0.5
Dy, D_:N~E, 2 — b, - exchange , if a(0) = 0.

R=(D,+D_)/D, , So: R(E) ~E,"!

E,, Regge GAMS | E852-IU
GeV/c | model | 1= 2 | o

38. 0.4 0.38

+0.015
R(E)

18. 0.84 0.72
+0.12

Tounee, 0l,(0) = 0.57, a0 ,;(0) = -0.37 — R(Ey) ~ E, ~?



One solution

NDD + ND-
ND+

et




B HacTosLWmMn MOMEHT
OLLUNOKN MHOXECTBEHHbIX
pPeLLEHUN BbIYUCNSAOTCH
HenpasUIbHO.

Cnocob KOpPEKTHOro
BbluncrneHmna Hy»XHO
PeannsoBarTb:

Y =In (Likelihood) ans
MHOXXECTBEHHbIX peLUEeHN]

1. BenuunHa owmnobkn
cootBeTcTBYyeT |Y]|<0.5

2. [1nsa Bcex peweHnn omnobk;
NPUMEPHO ONHAKOBA

A

Change in —log(Likelihood)

Q.1

-.'.Q t .“_"/_____,.-/ u-"'.'. i AL e

100

200 300 400 500 600 700 800 90

Predicted P, Events



Ipengaraembiii MeTOJ 0TOOPA (PU3UYECKOI0 PeLICHUS
Cpea MHOKECTBCHHbIX pPellICHUH

1. BLINOJIHUTH MOATOHKY HHTEHCHBHOCTH D+ BOJIHBI H
OTHOCUTEeJbHOM (pa3bl D+ u P+ BoJIH
(pacnpenesieHuH - MeHee BCEro 3aBUCHAIIIMX OT
MHOKECTBEHHBIX PellleHUI)

2. I1o pe3onancHbIM KpuBbIM a2(1320)0 a0(1300) u
a0(980) oToOpaTh TOUKHN — KAHANAATBI
(pu3uYeCcKOro pereHus

3. Beruuciautsh oTHOIIeHUe R=(D0 + D-)/D+ u
oroOpath Touku npu 0.4 <R <0.8

4. IIoBTOPUTH MOATOHKY C HOBBIM 0TOOPOM TOYEK

Continuation of the study is necessary. Problem is large errors.



3aKJIr0ouUcHUe:

1. Bpruunienue coObITUH OT (POHA MO3BOJIUJIO YIYUIHUTH
oTHoUIeHHe S/B 1js m curaaja B 2 pasa

2. OTHomenue R 01m3K0 K nmpeackazanuio mojaean Pemxe

3. Bo3zmo:kHo yctaHoBuTh a0(1300) B SO BosIHE, YTO 0COOEHHO
BAKHO /U1 BbIOOpa GM3MYECKOr0 pelieHus

4. Pesyabrar IIBA naer Oam3Kkue 3HAYECHHUS MapaMeTpoB

,% (1400) B N1O k 3mauenusm 17,~ (1400) B N7

T, (1400) : m = 1370 = 16 +50/-30, T = 385 + 40 +66/-105
% (1400) : m = 1326 +24 +70/-50, T = 470 + 81 +34/-126



Borpockl 111 3aBepiieHus: padOThI

. IIpaBuJIbHOE BBIYMC/ICHHE OLIMOOK Pe3yjbTaTOB I
MHOKECTBCHHBIX pelieHun

. Bb100p pu3nvecKkoro pemeHus npeaaoKeHHbIM
METOAO0M

. OTcyrcrBHe nmpoBasia B t’ — pacnpeaejJeHuu npu ¢’ — 0
. YUecThb «IIpoTe4YKy» B P+ BoJiHe ¢ 0TOOpaHHBIM
pemienneM Kak oT D+ , tak u ot SO0 BoOJHBI

. AHaau3 «pusuueckoro» pona nmoa muxkom 1, (1400)
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No cut

This is the cl distribution I el
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Comparison without and with mass(3pi) cut

This is the mass distribution hmasse
Nent = 26871
1200F B Mean = 1.327
: RMS =0.3254
1000 " |
i : cl > 0.01
800
i Pl 23492 events
— | m(3pi) < 0.65 GeV
400
200
oLl

06 08 1 12 14 16 1.8 2 22 24
m(EtaPi0), GeV




Systematical error
estimations



We did the mass dependent fit of random combinations of solutions.

Analysis of 2000 year

Here are the distributions of BW parameters for T4 and a, peaks
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M=1280 + 24+30/-45
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Analysis of 2000 year

_ We did Mass Dependent PWA

Parameters of 74 (1300) Mass =1280 + 24 +30/-45
Old results, no mass cut Width= 526 + 81 +0/-286

Mass, Mev | Width, MeV

PWA, MDF — | Average 1280 +24 |526 + 81

wopwa . |Leakage=0 1250 +7 386 + 10

mpopwa — |MaxLekage 1118 +21 (477 + 32
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Mass dependent A) Leakage = 0 and fixed
PWA of nn0

D+ and P+ wave 8 solutions of qn” system

1. Simultaneous ?;gm
fit of angular C
and mass
distributions P00 F
2. Free BW %ZEZ [
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% “r Phase(P-+0+)
red — BW of P+ wave E "
M=1250 = 7 £ e

I'=386+ 10
Analysis of 2000 year



Mass dependent B) Leakage is maximum, 30% of |D+?
PWA of nr0

D+ and P+ wave & solutions of an” system AnalyS|S Of 2000 year
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and mass
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We can’t make the free leakage, but there is problem !!!



=

Why

1 (1400)—>nm and not > n'n

; (1600)—n"r and not > N



S.U. Chung, E.Klempt, J.G.Korner, Eur.Phys.J.A15(2002)539

In the limit of flavor SU(3) conservation and by the requirement
of Bose symmetrization

w, N = {Octet},

It {X}g—>{njs tin}s, then X =mm + nn
X=mn, (1400)>[n=r]_, L=1, X=nn - n
So 1; (1400) 1s not {Octet}g , not Hybnid !!

©(1600) may be {Octet}g , {X}3 —>{n’}; +H{n}g



Experimental results and interpretation

. , | Interpretatio
1 XoNm | Xon w "
n1 (1400) + — Decuplet {4q}
n1 (1600) — + Hybrid







