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Hadron Spectroscopy

Necessary for understanding:

The better way is using electromagnetic interactions:

QCD

Quark confinement

Looking for new particles (exotics)
Nature of mass

Photoproduction
Electroproduction
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CLAS12 Particles Detection INEN

- Electron up to 5 GeV in the FT (low Q?)

- Two tracks (no specifics ID particles) in at least two sectors of the FD

Trigger requirement —»|

Forward

electronsin FT

pions mostly in FD

protons mostly in CD

built in Genoa



Counts

Data Analysis INEN
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Data Analysis

Looking for resonances
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INFN

Fitting Moments
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Likelihood Fitting NEN

Markov Chain MC is a computational technique used to sample from a probability distribution

M. Markov Chain (Correlated Samples from

p ‘posterior’ distribution.)
Z(x;0) = H (x5 0) ——> Rejected Proposal
Likelihood n=1, 2
In(Z(x;0)) o< Z In[F (x,;0)] — A
. n=1
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Fitting Moments

Events / (

Events / (0.0628318 )
a
o
o

IM region of the p® resonance

Fit components for Pi2MesonCosThHel s

15

Data - curve

| \
56 08 T
Pi2MesonCosThHel

Pl of Histogram of DataEvents_plol_PizMesonCosThHel and Projection of total model

TE
of
o
M o
02 04 06 08 1
Pi2MesonCosThHel 080804 0z 002 0d 08, 08 e
Fit components for Pi2MesonPhiHel Rosidual of Hisogram of DataEerts_plot_PzMosonPhikel and rcectin o fota model
g
600 ;
g

S
o

L L L s L L L

Z 3
Pi2MesonPhiHel

w
o

Pull of Histogram of Data€vents_plot_Pi2MesonPhiHel and Projection oftoal model

20

(Data - curve) /..

[o] N - S e, sl P |
ienammih

3 L L L 1 L L L
Pi2MesonPhiHel =3 E2 ] g T 7 3

Pi2MesonPhiHel

Low acceptance

IM region of the f,resonance

Fit components for Pi2MesonCosThHel - pio_s

Data - curve

T

| L
0508 7
PizMesonCosThHel

Pullof Histogram of DataEvents_plot__PizMasonCosThHe and Projection of total model

2 |
-1""20.8 -0.6 -04 -0.2 0 0.2 04 06 08 1 ) . ) ) ) ) )
Pi2MesonCosThHel TR TE oA oz 0 02 0d

, L
05 08 7
Pi2MesonCosThHel

Fit components for Pi2MesonPhiHel

Residualof Histogram of DataEvents_plot__Pi2ViesonPhiHel and Projecton of total model

S400F,

Data - curve

Events / (0.062831

W BLY

L
3 ) Bl g T

Pull of Histogram of Datavents_plol__Pi2MesonPhiHel and Projection of total model

z ]
PizMesonPhiHel

__ A T B |

3 L
s Pi2MesonPhiHel 3 ) B g +

z 3
PizMesonPhiHel

High acceptance



H020

HO021

Extracting Moments

INFN

From moments we can see the partial waves contributions of resonances

2.0 2.0
15 HO_20 1.5 H1 20
1.0 1.0
‘*\
05 0.5
/ 2
o~ /
L h /
ool Y\ 2o N\ N
'\, , , )
-0.5 -osp [ ¥ /’\\k\»f4f /
/ /
-1.0 /
-1.0 d
-1.5 -15
—2.0 -2.0
Ooa o6 08 10 12 12 Ged i3 04 06 08 10 12 14 16 18
IM(n*n~) [GeV] IM(m*n~) [GeV]
2.0 2.0
15 HO_ 21 /—‘w‘_‘\\ 15 H1_21
1.0 / ‘\\‘\\n\\' 1.0
0.5 // 0.5
A 4 :\
0.0 \\ / S ool ,’*"‘\\V/’\\k
/ ! / A/ )
./ & / 4 /
-05 -~ —os] ¢ / N
-1.0 -1.0
-15 -1.5
-2.0 -2.0
04 06 08 10 12 14 16 18 04 06 08 10 12 14 16 18
IM(T* ™) [GeV] IM(r* - ) [GeV]

R0 (20) = LIRSV - 3 (IR +1PDR) +

= ; (15712 + D% 12) + % Re (s§7'Df"")

4 2
S1D§77 45 (1P + 1D P)

(MH'(20) = i|P(§+) 2+ ‘—1Re (PPY7) + |D(+) = ;Re (p{"D%)") - gRe (p$"D%)
+ \%R (S(()+)D(+)*)
4 p)
(DHO(21) = 2Re (Sﬂ +D‘; ) (pf7"-pt") +2? Re [R§") (P = PL"))]

+ 2@ Re [D{"'D{"" —p)DL)"|

+)  p)
D * * *
e -one[ (S 47) o060 2 )
- 2—*? Re | D{"'p')" + D) D{M"|

arXiv:1909.09473

10



Acceptance Correction

Acceptance

Acceptance

We approximated the acceptance correction with a 1-D distribution
to study theyield
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Extracting Moments

INFN

From moments we can see the partial waves contributions of resonances
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Rescaling moments with yields
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Extracting Moments TR

From moments we can see the partial waves contributions of resonances
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Summary

CLAS12 analysisonyp>p 1T
Extract of Moments and PWA
Optimizing cuts and data selection
Possible goal: f, SDMEs

Future directions:
Considering different topologies
Extending to finite Q2
Mass dependent fits
Cross sections of f,

14
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