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Dibarypns

* Dibaryon: Particle with baryon number B = 2.
* Composed of six valence quarks

Six quarks in a bag.
* Theoretically expected and long sought

resonances.
dibaryon I S SU(3) legend mass https://en.wikipedia.org/wiki/Hexaquark

Do1 0 1 10 deuteron A * Dyson-Xuong mass formula:

Do 1 0 27 nn A My, ~ 2160 MeV

D12 1 2 27 NA A+ 6B M, &~ 2350 MeV

Doy 2 1 35 NA A+ 6B * A. Gal, H Garcilazo, “3-body model calculations of

Dos 0 3 10 AA A+10B N A and AA dibaryon resonances” Nuclear Physics

A 928 (2014) 73-88

Dso 3 0 28 AA A+ 10B . . .

* H. Clement, “On the History of Dibaryons and their
. Freeman J. Dyson a”dI;\I'Q‘:]ye;'HUU XUO”% Final Observation”, Progress in Particle and
Phys. Rev. Lett. 13, 815 - Published 28 December 1964 Nuclear Physics 93 (2017) 195-242
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d’ (2380)

Isoscalar.

P. Adlarson, et al.,
P. Adlarson, et al.,
P. Adlarson, et al.,

P. Adlarson, et al.,
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« The WASA@COSY result for : pn — d7'n
AA by studying: pn—dmomo 04 F
e M~2370 MeV, T" ~ 70 MeV 3033_
. & L
« I(J¥) =0(3") : Fact arrived P
i . 02 [
from the reaction is purely 4
0.1 E_dmr threshold
Phys. Lett. B 721 (2013) 229 0 E m\\q\‘\W\
Phys. Rev. C 88 (2013) 055208 29 2.4 26
Phys. Lett. B 743 (2015) 325 \J§ [GeV]
Phys. Rev. Lett. 112 (2014) 202301 b, Adlarson et af
Phys. Rev. C 90 (2014) 035204 Phys Rev Lett 106, 242302 (2011)
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pp Elastic Scattering Motivation

B8 —— ——— — —

7 d - pp
* Partial Wave Analysis. 6 | //,.-\\
- 'D,wave in pp elastic scattering: & / e
structure at 2148 — i 63 MeV. L
* Prominent “resonance pole” seen T e

in the SAID analysis. - e
y SRy

* The total partial wave strength is

[mA

. . . | L\ ‘G 7‘_1 x % 3¢
consistent with the sum of its parts 0 | \\\% mﬁ%ﬂ-—-—}—

Arndt et al. Phys. Rev. C 48, 1926 (1993)
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Goal Huntmz Dibarﬁans

Y [
- +
n e Spin:
1+1-J3={0,1,2)
d {A’dj *  Isospin:
{0,1}+1 - {0, 1}
d

Investigate NA using dnr in the final state.
— dn+ channel - d™++

- dmno channel- d™
- dm- channel- d™
Verify the resonance and extract the differential cross section.
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CLAS JLab Detector

* JLAB: Newport News, VA, -
* CEBAF: accelerated electrons up to 6 GeV, { P
* Experimental Halls: A, B, C and D; '
« Hall B: electron or photon beam; //—\ R

i’\ EILA:::;NZTPORTS—V 20 TON CRANE /'!

. e T e
\QUADRUFOLES \DETEGTOR TPM x TAGGING SPECTROMETER E;:ECWOKTER LBE:SLI | | m}'7nxms spE.;me“ ]’ %:'gm [z:\;ADM
| = > == Fi. = % K - 0—] % 1
” HTl m It e,
DErecron < ” oaeT ch:sf;w lu_n VS Eﬁﬁ:ﬂ
s ‘\ ;&mWSide view of CLAS detector

° \\ .

Data from g10 run period (Spring, 2004 ); p;
Target: 24 cm long liquid deuterium at Z =-25cm; >~/
Electron beam energy 3.778 GeV;

Tagged photon beam in [0.8, 3.59] GeV range;

Trigger: At least two charged particles in any of 2 six sectors of
CLAS.
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10 @ CLAS 10

* Photons on deuteron target 14 T

* Spin: mt
1+1-J={0,1, 2} d g3

* |[sospin: d

{0,1}+1 - {0, 1}

» Coherent production removes complicated partial
waves for nucleon mixtures.
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Event Selection PID

Data: E, Data: *
} [ egamma . 4r dtpip 5o
g f Entries 34972 S Entries 3497261
8&)00% e o " st Mean y 0004063 300
R i - Final state particles
eoooo; g i .
detected: two charged pions
40000
: and a coherent deuteron.
0000 _25_ "
20000 -
E _3 50 [ = . . .
5 * Particle identification is
85 T ¥ I BN - ma
_ done based on momentum-
z 4 Enmet:tp;r:lgnel z 10: Entries t3497261 250 = - -
gt e [ dependent timing analysis.
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Cuts Applied

Timing cuts made using momentum-
dependent analysis

- One “good photon”, |At|<1 ns

-37cm<z <-13cm

vertex
Fiducial cuts applied
—  Minimum Theta Cut

Minimum Momentum Cuts
—0.01 < MM?(mt+1t-d) < 0.005 [GeV?]
Bad SC Paddles removed.

Particle | Sector 1 | Sector 2 | Sector 3 Sector 4 | Sector b Sector 6
I PN 11, 13, 23, 31 23, 33, 35 | 23, 29 23
> 43 > 45 =40 > 46 = 46 =45
23,27 11, 15, 16, 23, 31 | 23, 27, 35 | 20, 23, 29 | 23 o i
- o - 3436, > 41 s =i =i Tagger energy COI'I'.eCtIOnS
PRI PR 11, 22, 23, 31 23 23, 29 23 * Momentum corrections
=35 > 35 > 35 > 35 > 35 > 35
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What we see? Hunting dibaryons

100

80

3__ : .- 60

counts

e dntt mass
distribution.

40

20
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' |

T R == — oo s e T T o Basic cuts applled

:  Structure at about
14 L °F 2150 MeV.

QL
’\S
I/
N
counts

0 0z 04 06 08 1 1.2 1.4

M(mc+ 1)
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What we see? Hunting dibaryons

- ar
10
B 3.5
8- —~
§2] E IK 3__
5 6 = i
I = « dm mass
i 251 . . .
i3 : distribution.
; oF
ot K oo oo oz e ¢ Basic cuts applied.
M(m+ )
A0  Structure at about
Y - or 2150 MeV.
N 8- Co .
m o [ e dmdistribution has
d >y L prominent peak
x than dn* mass
d : distribution.
05z 04 06 08 1 T2 14
M(mc+ 1)
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Binning Distribution

3.3_ l. O . (] O
- |1:I . . 1| S —180
: o -*r
32— _ —180
3.1:— : r —1{140
3 :_ 120
:é.-} —
— 100
O, 29
l© 80
28—
: 60
2.7
— 40
2.6 20
2 5:| 11 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 D
1 -0.8 06 -04 -0.2 o 0.2 0.4 0.6 0.8 1

2.7<W < 3.2 GeV
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Backgrounds

* Major Backgrounds:
- Phase Space:

dm+m-

- Rho meson
T

- Other resonance
dm+/dm

- Others??

* MC generated for each case

Counts

2700<W<2825GeV
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Yield Extraction: method

Data: Unscaled

Very preliminary !!' | —— MC PS: Scale=Entries

—— MC d " Scale=Entries
Signal Fit

700

» Scale major Backgrounds
to get an idea of the
distribution. 500

600

—f— MC p: Scale=Entries

* Use template functions
for each distribution to fit
the spectrum

400

Counts

300
2.7 < W < 2.835 GeV

200 0.6 < cos QZM < 0.8

 Extract yield for the peak.

100

* Work in progress.
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Summary

* Resonance peaks seen: three charge states
are possible using the same detection sample.

» Scaling backgrounds is a chal
understanding would require t

* Differential cross section resu
IS the next step.

enge. Full
neory input.

ts from the data
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