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f (980+/-10) MeV f (1270+/-1.2) MeV
JPC=0++ JPC=2++
I' = From 40 to 100 MeV I' =185.1 MeV
TUTT Dominant TUTT 84.8 %
KK Observed 7Tt U270 7.1 %
VY Observed KK 4.6 %

Particle Data Group (2010)

Cross sections for f_etf, electroproduction have
never been measured so far

Spectroscopy
Q?, t dependence of differential cross section may

shed light on mesons' nature

o f : Standard meson ? 4-quarks state ? KK molecule? Access to GPDs

+ T : Resonance produced in vector meson-vector meson .
2 e e e O ... p { and some helicity states of f,

interactions? might be sensitive to the GPDs H
and E.
'l.r Lf
1_.,’ ]’I_,f
24/01/15 Brice Garillon 2




4IPN The ep -

WSTTTUT OF PHYSIQUE NUCLERE

ORSAY
. . . . . e
The channel is described by 7 kinematic variables : Laboratory frame _ Js¥]
.-Qq\ml-.?’ IIII e
Q2 Virtual photon (y*) squared mass ~ - \\
XB Virtual photopreduction . ‘T" :ag.!) . .
t Momentum transfer to the nucleon com. frame
® Azimuthal angle between leptonic (y*,e') and hadronic S
plane (y*,p") P

Cos(0,,) , @ Decay angles of "
M__Invariant mass of mt*sv

Helicin: flrame
{F, arrestl
L = £ 5y

= HHS\"

N-fold differential Born reduced cros section (N<7)

4V G - o L egrarea INtegrated Luminosity

e - N dimensional AV Bin vol
— . imensiona in volume.
dv L integrated AV *HF ( V> « HF(V) Hole Factor : Correction factor to 7D

acceptance calculation.

With
N ocrod « Number of weighted events in 7D bin.
n,—= T, *Acc,, (7D) « T, virtual photon flux (Hand convention)

. Acc,,, Acceptance with radiative corrections.
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. L o il 4

e Electron selection

- Sector dependent Z Vertex cuts
- CC and EC fiducial cuts
- E /pand E,_ >60 MeV cuts

- Track matching with CC data
« Proton/mt*selection

1 m i le’

- DC FidllCial CUtS CLAS detector
Data analysis of CLAS e1-6
— 2,50 cut on AB e beam scattering off LH, @ 5.7GeV
o epj'[+7'[' Integrated luminosity ~30fb™
- -0.05<Mm?2[epn+X]<0.08 GeV2  .coco- | T -
- Additional CC cuts oo NN . 13
- Av*__and Av*__ 30 cuts B N
e-p e-T+

et P IR L P B L
—%_5—0_4 -0.3 -0.2 -0.1 o o1 o2 0.3 0.4 0.5
MmZ[eprtX] (GeVv3)
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JPN Acceptance and

WSTTTUT OF PHYSIQUE NUCLERE

ORSAY
No Rad o _g°
O = _ = correction (Mo-Tsai) is
yputn 7 A RAD— soft .
L, *N TI'xAcceptancel Eff cc N REC embedded in the Monte

. Carlo simulation.
Cross section

- - »
: Q* (Gev) : =
o - MC All contributions 5E- ] A
100 H : H H —_— g
F - - 4 : ; [ S FEP =
g —Non resonant ©'n i T
Data 0 3E ; ; HIOSEE
o[- [ : : : E
: A++ :
of 00 1
MC reconstructed 2 QE -
. o S S S S U - S -
oF NI o Integrated acceptances (Mean ~ 2.5 %) o e
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Xg
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HS.
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ssonf : 5 | o sE- -5
40000 o0t R e S et S e e T S LR =
350005 s0000f E - E —_— 3
30000F E I ——— 3—— =
250005 mnauz— N = e———— —— 2E- j
20000 a0000f- E 3 e —
15000 20000 E e e = B i i i N
10000 E nE H H H H H H H H H E E H H H H H H =
5000 10000 E -1 -08 06 -04 -02 0 02 04 06 D\ﬁa(e ]1 50 100 150 200 250 300 . w

- [ S R R (K B Y- 11 p— 4 =% T T e )

24/01/15 Brice Garillon




4PN

INSTTTIT DF PHYSAOUE MUCLEWRE
ORSAY

Q? GeV?

5!5 — F: {{
— 1
— do/dMdQ=dx, (ub) 3 +++
— +Jr}++“' +
5 : 3 +{ #
— b ty
— Mnn(GeV) ‘ *+ +i ﬂ\dﬁ +
E O 2 :{.‘.H; i 3 ‘h T T T
45— f ] P o !
= > y P " i
— E 4 Eo +
— f po LR [0 Pl {
— (0] 4 ++I N +I - ?ﬂ . 5 ' Jf lllll
. 3 3 i kA S A
4 — o :++ :+ ++4 3 ++ .
— i 3
: ,Lf ’*f{“dl‘ﬁ & T 4:“ ?
= e e e R R s T s P R e e
— 1t # e # x5 N
3.5 E 1 1 E + +‘¢h + “4 + ; 4 ++‘|
— ;o - P T N‘h
— -ty : L +
= WY R T B .. L :
— ‘ R
3 — } 1+ + :‘.. .‘w >
— | o SOVIE N TN ’
— g 5 ' {'ﬁ
: > -4__. :" ‘: .~q...- 3 ‘—: - 3 ‘-" a ._ : 0+M )
_ i B - = T - kS - +
25— g S i R e R TR s S T
— L d 1- S ; ¥ ’,.'
— A ..‘“_“"\.,___ -~ ~T- -'_J.- l'f.- 3
. #{. *® #
2 : |‘I + _‘_‘ » “{{' +
ot S - -~ = 1
"ja* Matnad 3 F B ol o 5
= | g
-+ " + +
: ,‘_‘ : -‘.‘__‘\ 1 : :" g_‘ + W x
—'Tl'm'*Tl\kl.r.—"T‘Tl\.-!ll\ \II\\II\‘II\\II\\I‘\!II\\II\‘B

0.2 03 04 05 06 0.7

24/01/15 Brice Garillon




4PN

WSTITLIT DF PEYSIQUE NUCLEMRE
ORSAY

1.80 < W (GeV) <200

S (y"p—=pwT ) (pb)
=

5
QP (GeV?

240 < W (GeV) < 260

6
J

I

=

.g‘:'w
v O
bl
3!
ol
3
1:- ,
m.‘|...I.1..I...|I....I....I|...
0 1 2 3 4 5 ]
Q2 (GeV?)
24/01/15

Y*pP — pat’

200< W (GeV) <220 220 <W (GeV) <240
¥ % ;Em-p
ko R sf 0 I
; b ! '
oy : % UI
&I-i ¢ Io{
I | ! 1
.‘&‘b’
1%""#";&&"'1""5'""6 L B B
'~ o (GeV?) o (Gl
>
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£l O CORNELL
¢ 0 DESY
; i} I-II A CLAS(426GeV)
) + This work

* CLAS (5.754 GeV) SMo

Brice Garillon

—

Y*p — pmtsr cross sections = Integral of m*r

spectrum in (Q2,x,) bins.

« W computed using (Q?2,x,) bin centering
from [1].

« For most W bins, agreement with previous
results.

« Maximal discrepancy for high W (low x )

~50 %

[1] Eur.Phys. Journal A Volume 39, pp 5-31
(S.Morrow et al. (2009) )
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e Fit with several contributions :

%45 190 Q°<2.20, 022 ;<028
% 4 Gp = 0 84 +, 0 07 Hb L Skewed BW fOI‘ p’fO’f2
335 6, = 0.10 #/-0.00 ub (4 parameters each)
0,,=0.10 +/- 0.01 b
3 2 090 4. 0.07 * Scale parameters for Background
25 Z’R. 0.20 +/- 0.14 MC non radiative
) " 034 - 002 1 and
15 0,-=0.34 +-0.05 “b (Generated with Genev)
1
05 Background histograms normalized to

data integrated cross section in the
corresponding mmt spectrum.

0.82 +- 0.05 b
0.10 +/- 0.01 ub
0.12 /- 0.01 b
= 0.21 +/- 0.06

N.R
= 020 +1-040

0.
1= 0.374-0.02
1= 0.35+-0.02 u

0) (GeV) 2.

T[+JT
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4dIPN A+* contribut

WSTTTUT OF PHYSIQUE NUCLERE

ORSAY
R = | LA BELEL L AL WL AL | L LI ==
x F + 1.90< 0%<2.20, 0.22< x,<0.2 — —
_— ¥ In ) -
'52'5- Prob 1077000 |-
T p0 1596606 + 6,646e-08 |~
? R p! 12130004 |2
T o~ p2 0.07841= 000504 |5
- p3 5728606333907 |-
- p4 8.006e-06 + 3.280e.07 |
- p5 2200006+ 781308
) —
| = =
05— —
n Ll " 1 P '
o ——r— ————— et
X F + 2205 Q<2.80, 0.8, 04— —
i rin .
g2 Prob 4.408e-10
3 |k 137206 + 7.561e-08
T F 1208 + 0,004
T L 0.07714+0.00101
2F 7.2376:06 £ 3.4426-07
- 1.066-05 + 36107
- -3.1426.06 + 9.1966-08
15
=
05
n i P DRI S - 1 I
1 2.8
Mpm(GeV)

Brice Garillon

e pmt* cross section spectrum calculated from a
prttacceptance table .

« prttfit : gaussian (A** signal)+2nd order
polynomials (background)

» Contribution of A** to the pst* cross section :
less than 20 % for Q2<4 GeV?2

o Constraint on A**(M__ ) background :

a,, . <0.2

Side note : In a given (Q2,x,) bin,

do(M do(M
0( p;Jr) — G( ngrn-) +/_ 5_10%
dxzQ dxz QO

— Systematic error on acceptance calculation.




WSTITLIT DF PEYSIQUE NUCLEMRE
ORSAY

4PN y*p - pp?
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= = =
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— p° CLAS paper (stat.2+syst.2)  Most cross sections points are within systematics of the
— This work (stat. only) previous measurements.
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Q GeV . . 0.10<-t <0.40 GeV/c
5— « M_ spectrum fitted with :
= « Skewed Breit Wigner for p°,f and f (4 parameters each).
—  Scaling factor for MC Phase Space
4.5—
-  —p°(770)
- —1,(980)
a— —f,(1270)
— — MC Background
35 fdo/dMAQdxdt (ub/GeV) RS TR .ﬁ%mﬂ 5
3E »MM(GeV)
— Relative contribution of p°
— to the total cross section
o5 dominates at lower t.
2
1 .5 | \ \ \ | | | | ‘ \ \ \ | XB
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Q? GeV?
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T
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Q’ GeV? 1.60 < -t <1.90 GeV/c

f0 and f2 resonances are more visible on t-differentiated cross section.
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MIPN t-distribution

4.5

3.5

2.5

1.5

24/01/15
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Q? GeV?

1 A

1073

min

do(y*p — pf, )/dQ2dx dt (ub/GeV) °* Fit asymptotical behaviour with e™

« Rejection of (Q2,x,) bins with less than 3 points.
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JPN t-distributio
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Q° GeV?

1 A
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4PN b slopein (O

.Q :\ 11 | TT 11 | T 11 | TT 11 T 11 +f| | T 1T | R | FTT | .Q 2.5_[__|__J__1__!»_J__J__[__\__1:__1__|___\__J__:}__L_J__l 1| T _*_rzx I}J T 1 l..L..i..E..}.l..|..J..J.-|-.-i--:.--i._?--
b ++1 50< Q2 (GeV) < 1.82  —= | ~150<Q(GeV)<1.82
- ;+182<02(GeV)<2 5 ?+182<Q2(GeV)<2‘5
L m25<Q(GeV) <248 2 g 150 (GeV) < 28
2op +—{—+ """ o §"+‘2"48"<"Q "'(GeV) <280 s A S R LIS Q (GeV) <240
e e _%+357<Q ----- (GeV) < 4$ ~357< Q (GeV) <433 $
S FLANE TP P R N N W - ' :
B —+— — i i a8 O O O O SO A S S _
- =l | AN
: IS i 2 :
1__ ........................................................................................................................... = 1
0_5:_ ________________________________________________________________________________________________________________________________ _: ----------------------------------------------------------------------------------------------------------------------- _:
0:||i|||i|||i|||i|||i|||i|||i|||i||i||||: 0 |||||i|||i|||i||||||i||i||i||i|||_
0 0102 03 04 05 06 07 08 09 1 0 0102 03 04 05 06 07 08 09 1
Xg Xg

b decreases as x_increases at fixed Q*for f and f..
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MIPN Partial Waves
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Step 1 : Fit the amplitude
Production amplitude are fitted to the data by maximizing a likelihood L :

—lnL:—(iln(](ri,Bc’) e 3 ()

GEN
J/ {V _J

Y ~N
Experimental data Acceptance term.
Calculated with MC phase space

Step 2 : Extract the physical distribution predicted by the fitted amplitude
After the fit, the intensity is fully determined and its parameters V. are such that :

1 NREC
NGEN Zkz 1 Iﬁtted ( Ti) - Nacceptance corrected

Each generated MC phase space event is weighed according to the fitted partial waves.

N

A GEN A NGEN weighed

1(Q)=V,Y,
Pure phase -
space

>
CcoS GHS CcoS GHS

24/01/15 Brice Garillon 17




4PN
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«S-Wave»  Intensitytofit:
_ 0 O0R [/l ol 1y/1 Ly 1P, 2 2 202 22
RIS S HE AN TS SV e AR ST A ST R
« P-Wave » ~ «D-Wave»
Y’,, spherical harmonics. V’, production amplitude.
0,® : Decay angles of the ni* in Gottfried Jackson frame
Incoherent sum on J of spherical harmonics :
J=0,1,2 (truncated to |M|<=1)
><I1 QSI | | [ | ToT.0 TT..T IoT.T T.T.0 oI 1
1201 % PWA fit for each single mass bin
- . i
100 - W>1.8 GeV
- - X,<0.55 i
- — SM
80 e :: : Meson rest frame
60| . .
- . - 1 Fitfor each single mass bin on integrated
40 - : dataset at the moment.
- . - - (statistical limitation on MC)
20 Tre
O_I [ I-.I- | L1 1 L1 1 L1 1 11 [ I-"--.I--.\--.T"’‘."'lQ---ln-JL —a ‘_
0 02 04 06 08 1 12 14 16 1.8 2

M,,.. (GeV/c?)
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ORSAY ) ) )
X103 w |||||||||||||||||||||||||||||||||||||||
3 T T 1 T | T T T T T T T T T | T T T | T T T ‘ T T T ‘ T T T 4‘ — - Dm : ; | | | -
€ 4000 — —MC WEIght&d by amp"tUdes -Total .. ‘ e 5 B A-c.'{:epted Mo welgh‘ted h]rﬁ‘med Inlsensir-_.r J= u :
4 C MC welghted by amplltude -J =0 :])ecay angular gpooH-——— - AdseptediiG weighted by.Fited intensity -J=t -1
W 3500 s M- weighted by amplitude J=1- ~—idistributions B :**WPT::'T *:'ﬂ'“*-'d by ftted intensity - 4=3 j
- MC wei hted by am I|tude -J =2 - Rl el b i i
3000 - 3 a2 [P = S S
: SR s mu——t RS S B
E 0000
2000 - - T
- %o HNNS SPS RS SRS SRS SRS S SN JRSO: S
1500 — el =
1000 - L e i e R Nl Vi s
. B B o B R —
500 _: D_IIIiIIIiIIIiIIIiIIIiIIIiIIIiIIIiIIIiIII-I
- -1 08060402 0 020406 08 1
0 . cos(O) n+
o4 06 08 1 12 14 16 18 2 0 e
Mass(n+1-) (GeV/c?) = SN Sy e T S
L — - = - A:'.{::epte-d MC wmgh‘tedl:lyﬁﬂ:edml:ensrr)r J= 1 -
| — A:'.{::ep‘li_-d MC wmgh‘tedl:lyﬁﬂ:edml:erlsrr)r J= 2 1
. PR . BO00 - o - Suntot-Revgscizs - b
 For each mass bin, 5 fit tries with random parameters+1 e
fit wit all parameters to o then keep the fit with best JON s £ 3% Bt nntill et SN
1 qe [ R e s S S o I
likelihood. e - T
« Same contribution for P and D-Wave in rho region. > 4000 — oo L ]
— Truncation to |[m|<2 ? N S R A A
« Phi angular distribution from data not well reproduced by~ 2000/—1 i= 1T T
accepted MC weighed by fitted partial waves. e =L L
— Pure spherical harmonics partial waves inappropriate ? I e T V-V = e T
Looking into the wrong frame ? @ 7+ (deg.)
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x10°

m T T | T T | T T T ‘ T T T ‘ T I T ‘ I I I | I I T | T T T ‘ '4! m _I TT | TTT | TTT | TTT | TTT | TTT | TTT ! TTT ! TTT | TT I_
‘€ 4000 — MC weighted by amplitudes -Total ..~ s | Dl .
Ty — ; — a | A::{:epted C welgh‘ted h]rﬁtl:ed |nlsen5jr]r J= ﬂ .
> - — MC weighted by amplitude -J =0 Decay angular §poo}- - AcloeptediMC weighted by Feted ntensity - 4=F - 1
L 3500 MC welghted by amplltude -J =1 V:distributions : Adﬂepted MC welgh‘ted h]rliﬂ:ed |nlJensit'_|r J= 2 :
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» For each mass bin, 4 fits with predefined parameters g
values : e e
« All parameters to 0 8000 |- - semefmmr e
e Parameters from one wave set to 1000, 0 otherwise. e R o S
* Best likelihood with this procedure = Best likelihood with 6000 TR IS sl St W
random fitting > T T
« Same wave contribution as in random fitting procedure 4000 oo e
. BUT fitted parameters for each Y!  are different in S IR _—;—-;__;
the two methods ! e N U oy iy E
« No significant resonances with this partial wave U S PR Y SR 1

ers 7507100 50 0 50 100 150
decomposition. @ 7+ (deg.)
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WSTITLIT DF PEYSIQUE NUCLEMRE C O n
ORSAY

- First time extraction of cross sections for ep — e'p't_/f

» Refinement of previous ep — epsi*nt- CLAS analysis.

* tt7” and p° cross sections : Good agreement with previous
analysis.

Expected b slope behaviour vs. x for f and f,

* No clear resonances in unbinned partial wave
decomposition in GJ frame so far:

- PWA fit in helicity frame ongoing.

— Fully coherent amplitude basis ?

- Different amplitude basis to match phi angular distribution ?
- MC Phase Space : radiative effects ?

Thanks for your attention
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4IPN Binning fo
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4AIPN Hole Fact

WSTITLIT DF PEYSIQUE NUCLEMRE
ORSAY

 Differential cross section studied on N<7 dimension.

* Due to statistical effect, some 7D bins are not filled and generated events are not fully recovered
by acceptance correction on an integrated bin V (dimension N<7).

A model dependent correction term called « hole factor » is used to retrieve generated

events : f REC
Acc

- f GEN (V ,x,y,z..)kdxxdyxdzx*...

(V,x,y,z. )xdxxdy*dz*...
HF (V)

Q2% GeV?

5.5 f T :, N

HF(0 - 1) * >

= . | S U 000 1 N =
45— : : E -~
— : : S ™ > ~
; MM(GeV) kv Y _ J, ,.:“‘.T'L i E i -
4 E_ O 2 -~ w ‘:_.,_ﬂ-\ - —— = A .
— ST : =
= PR R =
T E _"‘*—--._ : __-": ™ ¥ - P )
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E -, \_\ B N = ¥
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2.5 ;_ . = ..-"'-""-—-..__ e s s sy :- /-—"-_. - — E -
= S B e e e Cut on hole factor :
2 et N L : Zaull ? Max(HF(Mmx))>0.3
= P T R e E E X
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4PN Fit resul
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MIPN Fit results in
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WSTTTUT OF PHYSIQUE NUCLERE

4IPN Decay

ORSAY

Helicity frame Gottfried Jackson frame

x (04)

Meson rest frame

Meson rest frame

The quantization axis z points into the The quantization axis z points into the
direction of the meson M in the (y*,p) system. | direction of the virtual photon in the meson M
rest frame
2 Lorentz boost performed :
1/ Boost from laboratory to (y*,p) CDM Lorentz boost from laboratory to meson rest
2 /Boost from CDM to meson rest frame frame.
24/01/15
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Fit results
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01,..= 0.20 +/-0.14
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T
oo

24/01/15

0.82 +- 0.05 b
0.10 +/- 0.01 ub
0.12 /- 0.01 b
= 0.21 +/- 0.06

N.R
= 020 +1-040

0.
1= 0.374-0.02
1= 0.35+-0.02 u

Brice Garillon

e Fit with several contributions :
« Skewed BW for p,f_f

(4 parameters each)
 Scale parameters for Background
MC non radiative
and
(Generated with Genev)

Background histograms normalized
to data cross section in the
corresponding st spectrum.
— Scale parameters for background
are defined such that :

J MCyx(M.)aM ...

d
[—-42 (M, )M, .
dQ*dx ydM .

g

_ Jme (M, )aM,. .
CLA++_ f do (M
szdedMn+n— o

)dMJ'[+J'E



4PN Toy phase spaceISIN
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\ covered
X: M, =rand(2M__,2 GeV)

\v — Uniform decay
M < 2) - T angular distribution
for pion in dipion rest

S s s Es eecs et e o I ) ;“"’ﬂ‘“—;ﬂl‘“%mfr’l”ﬁ“lﬂﬁ%ﬁﬂé frame

- -t j .

ol -t - Particles generated
] | U E space only.

15000:} } } - 07 TT28 05 04 02 0 0z 04 06 ‘ce.s[‘ ‘]':)1
F ‘ ] : : | : : : cos(6[n+
1QBAGeVE N T

L : : 35000 E"I—._.—.urLr-"I_r--._un - R e Mo L -
| W>1.7GeV . B
R T R e e
W T e - Note : No radiative effects are
D_:Hi\\\i\\\i\\\i\H‘\H‘\H‘Hli\\\‘ 00000 ; ; COHSidered
02 04 06 08 1t 12 14 16 18 2 5000 g E
M]“]T' (Gev) 0 -150 -100 -50 o] 50 100 g?nl'.]a“

24/01/15 Brice Garillon 31




4PN Fitin h

WSTITLIT DF PEYSIQUE NUCLEMRE
ORSAY

X103 - ) - 1*@}00:H-F.!-+_H-T_..4-H-4-H-!-H-h!q-p4-T-H-+-r4-F-..T-H-+-r4-H:

0 L L L L LY B ;} o [ S z‘“ : : ' : : e
B ——E 1 DO I R qcepted MC welghr_ed b].rftted |ntens:|t3..r J= E_"_-_

€ 4000 —— MC welghted by amplitudes Jolali. - WM T st 1
- : T 12000 [ s oS-

S = - MC weighted by amplitude J=0 = - "**°H" T S e
- HEEET T 10000 i mmmr oo P T T

LI 35001 s weighted by amplitude =1~~~ — - Nl
- . i B> 8000 |- i i i

- - MCwelghted byam I| i — L=

B S e s psssoon 6000 -7 T SR S I
: sooof ol T
s e s S QOGDE_ T N ——
E | | | | | O 5 0604 D3 0 53 0406068 1

701 [ RS S NP i o i cos(®) w+
R
1500_— \ Lﬁ : ; Accepled MC welghted byitted |ntens ity - .J= 1 :

— 8000 H --*—-:x::: tz:fh ?d_f”"f:“'}d 2 eri: st ot W

- B i _.__.-;-—I— :' —— ' i
1000 6000 =_.._ ------- "‘"'—_._—'- --------- o
s e S s

0 | ‘ L1 ‘ L1 2000__ﬂ ______ _._ _____ - L ________ : i

04 06 08 1 12 14 16 18 2 [ o —_  _——_ |

9 0~ 150 -700 50 0 50 100 150
Mass(r+r-) (GeVic) @ 7+ (deg.)

24/01/15 Brice Garillon 32




4PN Acceptance for decaS .

Helicity frame Gottfried-Jackson frame

0.76<Mmi_ (GeV) <0.80 0.76<M.,.. (GeV)<0.80
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