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g11 g12
yp—pX yp—pX

60 - 65 NnA 4.023 GeV e beam
0.803 < Ey <3.815

60 - 65 nA 5.714 GeV e beam
1.142 <Ey < 5.425

40 cm (2 cm radius) liquid H: target 40 cm (2 cm radius) liquid H: target

placed at CLAS center

Trigger required at least two

placed -90cm from CLAS center

Trigger required at least two

charged tracks in different sectors charged tracks in different sectors

20x10° productions triggers as 21
TB of raw data

for Ey > 3.6

26x10° productions triggers as 128
TB of raw data

Cherenkov Counters and
Electromagnetic Calorimeter in
trigger for entire Ey range
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Light Meson Decays in CLAS
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Light Meson Decays in CLAS
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CLAS Light Meson Decay (LMD) Program was established to

iInvestigate

ieson Decay | Physics || Mason Dacay | —Physics

m—etey Heavy photon
upper limit
n(’)—e*ey Transition Form
Factor
w—mlete Transition Form
Factor
n(’)—mle*e C violation
n()—mmete CP violation

n()—mm'y Box anomaly

wW— Iy Upper limit
branching ratio

<3.6x103

n, w, ® -mmm Dalitz plot analysis

n'—mm'n Dalitz plot
analysis/meson

mixing
d—mmn G-parity violation



Member of the Helmholtz Association

, 0o
Box Anomaly of n(")—trrty < JuLicH
Njencheu Georgie Mbianda, Moskov Amaryan; C|Qg°ﬁ

Old Dominion University

Motivation:

 The 2 photon decay of T1°, n, n' —yy proceed from the understood triangle

or axial anomaly. While radiative decays of n, n' > TT*y are related to a
less understood box anomaly.

WW ] cepmeea T
triangle box

« With an analysis of the photon energy distribution of the radiative decays
of n and n', the decay widths are determined by the box anomaly in the
chiral limit.

» Radiative decays from CLAS will test the box anomaly, including FSI of the
pions. FSI occur because beyond the chiral limit, quarks have mass.
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clcg°3
dl'(n — nhn~
( - 7) = |AP(.SM)Fv(57m)|2FO(37m)
1 3
FO(Sﬂ'ﬂ') - 3. oll . 7]'3M7:’3 (Mg - 371'7:') Srr ,37?

with 8, = /1 —4M2/s,,.

® the pion vector form factor can be approximated by the polynomial

|Fv (srr)| & 14(2.1240.01) 877 +(2.1340.01)s2._+(13.8040.14)s>

® Expansion around Srr = 0 gives the process specific function

P(sin) =1+ - 8zr + O(s2

® from which ¢ can be measured.
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Experimental data from WASA-at- < JULICH

COSY(n) and CRYSTAL BARREL(n))  cla3

_ p B
n— Ty n —ntry
8 T T T I T I - 20 . I , [ i :
— 1 g 4 _
Z > 1z [
E 6 . 1 £ 15
s o 43 ¢
= 4 1 50
LI-)'* 3 o — m:-
2 5[ 1 o
= 2 4 = sk
= i 1 ©
1= _ i
0 y - ) N 1 0 1 l 1 J
0 0.05 0.1 0.15 02 0 0.1 0.2 0.3 0.4
g E'( (GeV] E_{ [GeV)
_ o = (1.89 £ 0.25 £ 0.59) GeV ™" [1] o' = (1.8+0.49 £ 0.04) GeV~?12)

[1]F.Stollenwerk et al., Phys. Lett. B707:184-190, 2012
[2]A. Abele et al. Phys.Lett. B402, 195 (1997).
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Dalitz Plot of n'—11*n < JuLicH
Sudeep Ghosh, Anki Roy; Chgﬁ
T

Motivation:

 Dalitz plot of n'—1r11*Nn provides kinematic information of the decay,
enabling the studying of low energy dynamics of QCD and heavier
mass pseudoscalar mesons.

* The n'—>1r1*n decay has a low Q-value due to relatively heavier

decay products, thus helping us to test and limit the effective chiral
Lagrangian theory

* f(X,Y)=N -(1+a(Y)+b(Y)’ +c(X)+d(X))

Parameters VES Theory BESIII Stat. err. in BESIII Stat. err. in CLAS
a -0.127%0.018 -0.116+0.011 -0.047%0.012 +0.011 +0.004
b -0.106+0.032 -0.042+0.034 -0.069+0.021 %0.019 *0.006
c +0.015 +0.019%0.012 +0.011 +0.004
d -0.082+0.019 +0.010£0.019 -0.073+0.013 0.012 +0.004

12
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x10° x10°
E I;Bnackc_:.u::::(; :;96535 100 Background: 79716
300/~ ean: 2. € - Mean: 0.9583 GeV
- 1 0.0071 GeV -  0.0051 GoV
- Yield: 226759 5 ot
250 Range = =30 80— Yield: 262541
- - i Range = =30
200 ok
150 i
40—
100 i
s0f 201
(}Ok 0'1012013014015‘ 060170180191 Jl11111111
* - - * " * * * . 8.8 09 1 11 12 13 14 15 16 17 18
o My (pri4m-) [GeV] ..
Missing mass of prrr* for events wheré Missing mass of p for events where ~ Mx(p) [GeV]
My(p)=0.958+0.015 GeV My(prr*)=0.5+0.015 GeV

Dalitz variables for r11*n
(my +2mz) T,

\/§(T7T+ — TT('_) Y — . 1
Q Mn Q

where T;(i = =, 7, n) is the kinetic energy of a given particle in the rest
frame of 7’ and Q = T+ + T- + T,

X =

13
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Data satisfying the cross-section is fed to the Dalitz plot of 30x30

(X(-1.5,1.5) x Y(-1.5,1.5)) and then a pol-3 background subtraction
performed in the 30(0.946-0.97 GeV) region of every Dalitz bin

Data Analysis #) JULICH

N_:960
. N _:513 E tot
25 N :191 50— Nyga® 188
C bkgd C
20 :, Nvield: 322 40 :, NV iiii 12
H E 2
C Nml kau ): 27 C of\ Nm+Nhkc| ): 34
15 30F
10 201
g 10b-
5 l C
r \';nllJ E
F M PN aPAPIPEAPRIE 0, ] Rt i 0SS ARSI
1 uJuH L“‘M\ p el IR | T L 0.86 0.88 09 092 094 096 098 1 1.02 1.04
dss 09 095 TS Y A N N Mx(p) [GeV]
Mx(p)[GeV]
) L Dalitz plot bin with higher
Dalitz plot bin with lower , 1sp statis tti) s g
statistics > B 350

1F
051

e

“balitz plst for n'Smmrn #6m cLAS g1k =°

14



Member of the Helmholtz Association

: ) 0LICH
Dalitz Plot of n—Tr-1r*m® < JoLcH

4>
JPAC: Adam Szczepaniak, Diane Schott, Peng Guo et. al. class
Jiab

Motivation:

« n—trtm0 is sensitive to isospin breaking, which in QCD originates from the
mass difference between the up and down quarks.

Jmar Jmaa: Jmaz:

A(s,t) = D (2T +1)d{ o(0s) fs(s) + D (2T +1)d] 5(0e) f4(t) + > (2T +1)d{ 4(0u) fi(u)
J J

J

1 1 2 1

» The isobar model assumes quasi 2-body decay and is insufficient for some
channels

* ltis important to construct amplitudes which contain all the known physics
such as 3-body interactions, coupled channel, unitarity, analyticity, etc.

« The n—1rr*m® analysis is building in the three-body interaction (unitarity and
analyticity) as a first step for future experimental analysis tools.
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Dalitz Plot

Fit after background subtraction

Mass( Pl+ PI-) Mass( PI- PIO )

0.26 0.28 0.3 0.32 0.34 0.36 0.38 0.4 0.42 0.44 0.46 0.26 0.28 0.3 0.32 0.34 0.36 0.38 0.4 0.42 0.44 0.46

cos(Theta_s) cos(Theta_t)
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Mass( PIO Pl+)

ALy

0 0.26 0.28 0.3 0.32 0.34 0.36 0.38 0.4 0.42 0.44 0.46

cos(Theta_u)

| i H

Prelimina

-08 -06 -04 -02 0 02 04 06 08
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Transition Form Factors ~ 1Lt
Susan Schamand, Michaela Schever, Michael C. Kunkel, clasg

Institut far Kernphysik, Forschungszentrum Julich
P 1)

V(p,w, )

Motivation: . " .
* |In the VMD model the transition form factors provides insight into the

meson charge radius.

* For pseudoscalar mesons n and n', ratio of form factors provides
information on mixing angle.

« For vector meson w there currently exist discrepancy in the
measurement of the form factor with VMD model.
* The knowledge of the n form factor is also needed for the interpretation
of the g-2 experiment.

* g12 experiment collected world breaking data samples of the pe*eX

reaction using Cherenkov Counters and an Electromagnetic Calorimeter
17
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drp_>l+l—7 . 2¢y 1 q2 477’2,12 14 277’2,12 |
dq*dlpy  37g? mp q° ¢ )P
il S ik RV lQED |[F(¢?)

dq2d11pp_,w |measured = dq21"P_>W

| 2

Me(pe*e)>0.075 GeV and electron/positron ID

600 — " Entries 107016
- n—e‘ey
500 —
400:—
300 w—eteyX
200:—
n n—e‘ey
g 100 — MN
E _\III‘\\II|\\II|II\\‘\I\\‘III\‘IWWM%WNWH
g 8.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3
2 CLAS data yield from yp—pX with M2(pe*e’)<0.018 GeV?2 MM(p) [GeV]
£
2

18
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n’ Transition Form Factor

dlp_y1+1-+

. 2a 1 q? ?
dg?dUp_,,  3mq? mp

dl'p

Polti—~

dq2 drpp_WW

L.G. Landsberg, Electromagnetic decays of light mesons

n'>upy

dFPP—>l+l_'y

|measured -

dq2FP—>’y'y
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2ml2
—5 | laED
2\ |2
lQED |F(g%)]
WML:’G+9-V
T T T A T M o e i
0.9 1 1.1 1.2 1.3
MM(p) [GeV]
—+ data
— gimulation n' < ¢'e’y
e gERAGON ' < 1Y
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n Transition Form Factor

3 1/2
dI‘p_>l+l—7 _ 2¢y (1 B i) ( B 4m12) / <1 n Qm%) |Q -
dg*dTp_yy  3mq? mip q> q* .
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NP s | 4= LT lQ.E.D ‘F(CIQ)’2
2 measure - 2 N

w- [| = CB-TAPS: Data (b) o T T TR
| —— CB-TAPS: Fit (p0=1 w" .
it (p0=1) = | CLAS =
o NA60 |

~~~~~~~~ DT calculation ——

.
—
e
"

[ | 1 | 1 :....1....1,,“1AAAA1 [P

0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5

m(I'l) [GeV/c?)

Recent results the n transition form factor
with errors. Image Source: Phys. Rev. C
89, 044608

factor

Currently seeking applicant for analysis

M(e'e’) [GeV]

CLAS projected errors on n transition form

20
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w Transition Form Factor

old issue, new interest:
* modern theoretical models
* recent measurements

PHYSICAL REVIEW D SX 053013 22013
Study of ¢*¢” — wn" — 7"7"y in the energy range 1L.O5-2.00 GeV with the SND detector

* with CLAS g12 experiment
dilepton final state /e

S.5chagmand

2% f— CLAS > 3300 ,

10
w—>1nee

150 10¢

100

50 10

- 1 - 1 - 1 - l - l .- - -
%3 5 06 0.7 08 09 1 o 72

missing mass (GeV)

Still includes in-peak background

IF_ (@) F_ (©OF
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T AR RS RARE RS REAE RaRE N

0.2 04 0s os 12 14 16 1.8

1
q(GeV)

a first peak at the Mee distribution:

S
— S W SR . E— - S.Sehadraad
: CLAS
= ' l I ' L}
C - l )T — J T —— J R —— l - l § - l l l ) — 1
0 0.1 02 03 04 05 06 0.7

q(GeV)
21



Physics Beyond SM ) )0LicH
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Motivation:
e Scalar Boson

u,d

Py /)

Y
P(n° 1) PPN

* VVector Boson
(dark/heavy photon)

22
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Physics Beyond SM 4))0LicH

IIC PR cloSP

Vip,w, o)

x10°
300F=
- 0 W ld-
250 T Yield: 1749809
o Background: 9395
200~ Range: + 2.5 ¢
N Mean:0.0184 + 0.0000 Ge)
150 —
B 0:0.0068 + 0.0000 GeV
N S _
100/~ E- 18052.7
50—
0 B | | 1 1 | | | | | | | | 1 1 1 M| =4 - 3 T T : | 1 | | _r__‘_
-0.15 -0.1 -0.05 0 0.05 0.1 0.15

M3(P) [GeV’] 23
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~ G12 Datarwmmme; WASA-at-C O SY Data
k- 1 . 7M EV ents M(e"s) NOT fited 10

- MC sum
MCn®—e Y
--- MC con
-MC 7‘70 — e*e™y plus false e* from xt*

5OOK Events

10k

0.25 03
IM(e’e’) [GeV]

Entries/(1MeV)
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Physics Beyond SM #))0LICH

- 4>
zlasy
:_ y Yield: 72816
0.46 0.48 0.5 0.52 0.54 ]0\2% (‘538 [Gg%[2]0.62 0.64
Invariant mass M(e*e")
% 10 * Data B KK+ or 2104 i
2 Sne'e - 0
%10 B g-ne'e [ o=y & 10 i
~ o n-e'ey
fg OCJ (Fully.Exclusive)
= 10 2
. 0
5 >
1
1
5 050 100150200250 300 350 400 450 500 01 02 03 04 05
; M., (MeV) M(e'e) [GeV] 05

PLB720 (2013) 111-115
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- CLAS LMD program has established a wide range of physics topics related to
meson decays

- CLAS LMD program has global participation

- Statistics of CLAS data will enable precise measurements for the LMD physics
program including but not limited to

- Study 1t FSI within the anomalous decay n(')—-mrmty
- Dalitz plot variable measurements

- Transition form factors of pseudoscalar and vector mesons

sociation

- Possibility of upper limit on heavy photon

Member of the Helmholtz As:
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CLAS Uncorrected Data

n — T Y

Ag - | ' ' ' I ' ' ' [ ' ' ' [ ' ' ' | ]
mh’ 150 x2/ ndf 1.192/3 [
o : PO 1035 =7.245 |-
< 140 = p1 126.5 = 48.72 |
130 -
120 E
110 =
100 =
90 - | . . . | . . . | . . . | . . . | .—‘

0.1 0.12 0.14 0.16 0.18
s, [GeV?]

a = (1.22+£0.47)GeV 2

® Need to work on MC to improve statistical precision

#) JOLICH

FORSCHUNGSZENTRUM

<,
clasg

29



Home / Browse / AmpTools

%mp AmpTools

ools Brought to you by: mashephe

Summary Files Reviews Support Wiki  Mailing Lists  Tickets

¥ 2 Downloads
) Last Update: 2013-07-18

Description

A utility library for performing amplitude analysis on particle physics data.

AmpTools Web Site >

Tools

o AmpTools framework:

o It contains directories:

o AmpTools/ iincludes fitter and
plotter

o Tutorials/ : includes amplitudes,
data

o User defined
configuration files lets you

define:

Initial fit parameters

Step size

Fix parameters

Real or imaginary parameters

Can call different amplitudes
without changing or recompiling
code

Code

Browse All Files

o O O O O
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CLAS Uncorrected Data
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%24007 Egam_cm §6000 Egam_cm
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2 2
Srr [GeV7] Srr [GeVZ]
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Experimental data from WASA-at-COSY(n) and CRSTAL BARREL(N') with error
weighted fits.

8_ T l 1 ] T I 1 I‘- 20 l T l I ] T
- 1 o P 1
7 - 1 Z
£ 6 1 e
= sk 12 r
K=} o 4 £
8 4r - B0
w3 - W ot
= - 1
5 20 42 S
=l u 1 ©

11 — -

0 0

0 02 0

= TR R MR

I |
0 005 01 0I5 02 025 03 0 02 04 06 08
s_[GeV'] s_[GeV']

a=(1.964+0.27+£0.02) GeV 2 ; o = (1.8040.49 4 0.04) GeV 2
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Extraction Cross-Sections #) J0LICH
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Comparing g11 n—>mm*m%to g12 n—mm*m’ using AmpTools

10— 345 GeV < E? <395GeV
: "
- Williams, W = 2.795 GeV
- . —t—
= - S
§ -
§ 10%— Cioe
5 . .
: —_—
- L)
| —_
8 L
b
PR IS
10 3 l —Y_:._T_.l 1-—*_1 2 1 1 l l
-1 -0.5 0 0.5 1

Cos(O5™)
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Light Meson Decays in CLAS
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CLAS Light Meson Decay (LMD) Program was established to

iInvestigate

n()—mmy
w—mmy

n, w, ® -mmm
n‘—mmn

d—-mmn
P wy
NULL

f1

Box anomaly
Upper limit branching ratio
Dalitz plot analysis
Dalitz plot analysis/meson
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