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Analysis of n'n production
from gl1 data set

First measurement of direct fy(980)
photoproduction on the proton

Y P— p7nx reaction

Kinematic:
The highest y energy (E, ~3 - 4 GeV)

Low momentum transfer (-t < 1 GeV?)

n+n-spectrum below 1.5 GeV

@ P wave: p meson
@ S wave: o, f;,(980) and f,(1320)

@ D wave: f,(1270)

Production mechanisms are
related to the the resonance
nature e.g. short range (QCD) vs
long range (hadron) dynamics
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Data analysis strategy:

(0) Extract p cross section and compare

to existing data (correcting for the CLAS
acceptance)

@ weakly model dependence
@ check for the data quality and exp corrections

1) Extract moments of the angular
distribution (correcting for the CLAS
acceptance) by log-likelihood fit
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2) Describe moments in terms of partial
waves

(Yoo) =N [|SI1* + |P_|* + |Py|* + |Py|* + | D_|?
+|Dol* + Dy + |F_|? + |Fo* + | Fy|*]

3) Parametrize partial waves in term of
known pp phase shift and unknown
coefficients

4) Derive partial wave cross sections to

Fotoproduction of tt meson pairs0

\ compare with models
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gll experiment at ,
JLAB |

% Hall B photon tagger: 0.4 - 0.95% (1.6-3.8 (4.7) GeV) |
5L
#% In bending torus field (0.5 Bmx) 10 -

% Trigger: 2 ch in 2 CLAS sectors (2x[(STxTOF) x TAG])
* ~7G triggers (~400M at 5GeV)
% Luminosity (1.8 <E, < 3.8 GeV) ~ 80 pb'! 10 " ¥

@ Allocated 600 hours (~25x2 days)

@ Data taking: 55 5/22- 7/26 2004 I

@ Calibration completed in October 2004 3 ~58 pb'l ~21pb!
IR BT L |

107 . . |, I S R
@ Cooking completed on February 2005 1 1.5 2 25 3 3.5

Data quality
4

) 4 )
Basic corrections Yield correction
@ 1) Time window cut

° Energy/Tagger @ 2) TAG Multiple hits correction

* Energy loss @ 3) Flux correction
> Momentum corrections ° 4) Trigger efficiency
All known masses are \_ _J
within 1.5 MeV from - .
\_ the nominal value! Cﬂ Fiducial cuts )
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Channel Id

YPo>P T T

@ Missing mass technique

@ Multi pions rejection
@ Fiducial cuts applied
o Ey = 3.0 - 3.8 GeV

After all cuts:

@ 41M events in p 1ttt (1)
@7 Meventsinptt ()
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Counts
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CLAS efficiency

- MC 2% ch
60% p 20% PS 10% AT+ 10% f,(1270)

- realistic angular distributions:
production and decay

- GSIM+GPP processing
~ 40M events generated

Efficiency |MCgenpn*n
i MC gen p Tt* (1T
MCgenpm'm

Countis

- Kinematic region of interest:
0.0 < -t < 1.0 GeV?

- CLAS Efficiency forp mt* 1t~
showa steep dependence up to
-t < 1.0 GeV?

. 3

Only the topology p t* (1)
iIs used in this analysis

Efficiency (Top 1)

2)

2 2.5 3 35 4
-t (GeV?)

Efficiency (Top
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Rho analysis channel separation

Full fit
—_ p BW
4 B/ T31%0.1Gev E =3.1%0.1GeV
1 . _ Interference
J -t = 0.125 + 0.025 GeV” t=0.975 + 0.025 GeV? £ (1270) BW
= B =
g 50 | € 1¢
0 ) 0 F  —
== U i D D T S B D S S B -1 F L L . T
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M (70) (GeV) 04 0.6 1 L2 _1(f+ o L6 )
CLAS g1l E = 3.1£0.1GeV 8 FF CLAS 911 E_ = 3.1 0.1 GeV
] = (statistical error only) 3 :_I_ CLAS g11 E = 3.3 + 0.1 GeV
N 2 | ?
) i - = 0 ae
Q9 |t CLAS g6a E = 3.1 0.2 GeV 5 N CLAS g11 E = 3.7 + 0.1 GeV
S | L S
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e A —
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1| do/dt LN “Standard” CLAS analysis of the y p —»p p°
o ‘6'1" '6'2" '6' — '6:1‘ '6' — Illllél '6'7" o8 '6;' - results in a good agreement with world data
T T T T T T (Gev2) down to -t ~ 0.1 GeV?
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PWA analysis of y p —» pn'n reaction
extraction of experimental moments

Moments = Integral of the cross section over spherical harmonics rn  Rest
n_\TJV +
T
1 do Y Qp= (5 9p)
Y, ) (Eet, M) = —fdg.ﬁ Vi (9 o
Yot (By, 1, M) = 27 drantacy, () <

v 7 p
P CM
Why Moments?

@ Specific sensitivity to particular Partial Waves amplifying their contribution via
interference with dominant waves (e.g. Y;0~S-P Interference)

@ Unambiguous definition

@ Derived directly from data

@ Avoid mathematical ambiguities of direct PW fit
@ Expressed in term of bilinear of PW

How to extract moments
@ Measured angular distributions need to be corrected by CLAS efficiency

@ Monte Carlo simulations: flat distribution in pn*n- phase space (~4G Gen, ~0.7G rec)

@ Three different procedures:

1) Binned data, corrected for acceptance and then extract moments
2a) Theor. moments parametr. in term of amplitudes, corrected for acceptance and fit to the data

2b) Theor. moments directly corrected for acceptance and fit to the data
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... just an example:

2a) Theor. moments parametrized in term of amplitudes, corrected for acceptance
and fit to the data

2b) Theor. moments directly corrected for acceptance and fit to the data

% Efficiency Corrected Theory compared to data
% Moments expanded in a model independent way on a set of basis functions

% No binning necessary
% Comparison of the two methods allows us to evaluate systematic error

Moments are extracted minimizing a LOG-likelihood in each (Eg,-t,Mpp) bin independently

( AN data (i,j.k) )
2a) —2InL=-2 Y  Iny(7)I(Ta)+2ANaata iy 4, k) In Y (@ (4, 4, k)ar (i, 4,

a=1 Al Ap

Moments expanded in simplified Amplitudes ]
. CLAS Efficiency

\_ (no gamma and nucleon spin dependence) 4 )
i AN data (i) ANuatais 4, F) A
2b) —2Inf =-2 3 In VAr Yoo () + Viam >

a=1 7100 A=0.u
\_ Moments used as a basis for the expansion )

Final results

% Combination of fit with moments with A,,,x=4 (3 initialization) +fit with amplitudes (Aax=2)

% Extracted all moments (Yj,) up to A=4 (all ) for 10 -t bin and 4 E, bin
% Starting point for the PWA
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Moments

e.d. 3.2 GeV< E4 < 3.4 GeV
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PWA: fitting the moments

@ Moments as bilinear combination of amplitudes a,_ (A, A', A ,E, t,

(Yoo) = ISP + |P_|* + |Po|* + |PL > + |D_|* + |Dy|?

(Yiu) =
Ut o, ALA

Cll'm!, Im, LM) X a;,a’ ,

'

MTI'.TI'.)

DL+ IF- P+ Rl + PP

<Yl{:l>= SP{J T P{]S T J;(P D T P D T P4D4 T D{P{) T J;(P{]D{J T D{:IPU)

24 HE #® He O 216 e 0
4 JE(D F* + F_.D* + D.F + F,D") ’WD“F{J 1 F{JD{J)

e a  parametrized using a dispersion relation to incorporate nx scattering info

2 Moments were then fitted to extract a_
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PWA: extracting individual waves

m =12
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Conclusions

week ending

PRL 102, 102001 (2009) PHYSICAL REVIEW LETTERS

13 MARCH 2009

Measurement of Direct f,(980) Photoproduction on the Proton

M. Battagllcn.L R. De Vita," A, P. S:!.cn‘pzmml\'.2 K. P. Adhikari,* M. Aghasyan.w M. J. mnaryan.34 P. Ambrozewicz,"*
2641

M. .tlmghmo]ﬁ.l G. Asr}-an.w H. Avakian,*' H. Bagdas;ary"an,34 N. Baillie,*® I.P. Ball,* N. A. Baltzell,’ V. Batourine,
L Bud]ins;kiy.:L M. Bellis,” N. Benmouna,'® B. L. Berman,'® L, Bibr;'.ycl-;i.28 A.S. Biselli,"”” C. Bookwalter,"?

S. L’;()uchign}-.:0 S. Boiarinov,*! R. Bradford,” D. Branford,"? WJ Briscoe,'® W. K. Br()()l\'s.“'43 S. Biiltmann, ™

V.D. Burlurt' I. R Cd]aru)n S‘L‘ Careccia,”* D. S. Carman,*' L. Casey,” S Chen," L. Chung.y' L"‘ Clinton,”

P.L. Cole,'® P. Collins,* D. Crabb,** H. Crannell.® V. Crede,” J.P. (.ummmus 5 D. Dale,”® A. Daniel.® N. Ddsh\dn ol

R. De Masi.” E. De Sanctis,' P. V. Dugtyarvllkm S. Dhamija,"* K. V. Dharmawardane,™ R. Dickson,”
C. Djalali, 40 (i E. Dodge, 37, Donnelly,"” D. Doughty, ¥ ugger,* O.P. Dzyubak, A, Lqun“ 2 K.S. Lvmm

L. El Fassi.® L. Elouadrhiri,*' P. Eugenio,'® G. Fedotov,®” R. Fersch,*® T. A. Forest,'® A, l[“ld.l ) M. Y. Gabrielyan, 14

R. 1
L. Gan*' M. Ga uh‘ll Shgd inoruzn Qg " K.L. Giovanetti, e
E X. Girod,**' O. (le G » ). Gordon,'” R.W. Gothe, o

L. Graham,* K. A. Griffioen.*® M. Guidal*® N, (Juhr” L. Guo,*' v, Gyurjyan, “1'C. Had ljidakis, 20 K. Hafidi,?
H. Hdl\()bmn A4S R S. Hakobyan,® C. Hanretty,'> J. Hardie,'"®*' N. Hassall,'” D. Heddle,'**' E W, Hersman,”

K. Hicks,? [ Hleigawi.? M Holtrop.” C.E. Hyde,** Y. llieva,'®*" D, G. Ireland,'” B. S. [‘shl\hano\-.39 E.L. Isupov,*”
M. M. Ito,*' D. Jenkins H S.J0. I.R. Johnstone,'” K. Joo,"' H.G. Juengst, 16,348 I\dﬂua 'N. Kalantarians,*
D. Keller,”? J. D. Kellie."” M. Khandaker.” P, Khetarpal.”® W, Kim,® A. Klein.** F.J. Klein,® A. V. Klimenko,**

P. Konc;{yk()wski.g M. Kossov,”' Z, Krahn,” L. H, Kramer,"*' V. I\'.uhm"m-:al\'y.jﬁ'4L J. Kuhn,” S.E. Kuhn,**

S. V. Kuleshov,*"** V. Kuznetsov.”® J. Lachniet,** J. M, Lagut.g'4l 1. Lzmghcmrich.w D. Lawrence,”” T. Lee.””

L. Lesniak,** Ji Li,** K. L.mngstmLH M. Lo\%.'r}:4L H. Y. Lu,* M. MacCormick,* S. Malace,** N. Markov,'' P. Mattione,*

M. E. McCracken,” B. Mcmnnou.” B. A. Mecking,*' J.J. Melone,'” M. D. Mestayer.*' C. A. Meyer.” T. Mibe,*
K. Mikhmlm 2T Mineeva,"! R, Minehart,* M, Mirazita," R, Miskimen,”” V. Mochalov,” V, Mokeev,”**! B, M(mno X
K. Moriya,” S. A. Morrow,™” M. M(:tmbde HE, Munuar ©G.s. Mutuhhr“’ P. Nadel- lumnslxl L. Ndl\aadv\ a,’
R. Nasseripour, 144006 § Niccolai,” G. Niculescu,™ 1. Nlauhsnu RB.B. Nluxporuh ' M. R. Niroula,*
R.A Niya;{()\:‘“‘as M. Nozar*' M. ()axpml\:: L3 AL ()smmdm. K. Park.*®*° 8. Park,' E. Pas;yul\'.4 M. Paris,'®*!

C. Paterson.'” 8. Anefalos Pereira,'® I. Pierce,*” N, anuk 1D, Pocanic,* 0. l’()g_’orclk().:'L S. Pozdniakov.”' J.W, Price.®
Y. Prok,'"D. Pmt()popcscu.” B.A. Ram.”*l G. Riccardi,” G. Ricco,' M. Ripani, 'B.G.Ritchie,* G. Rosner,'” P. Rossi,'”

4484

F. Sabatié.” M. S, S‘dml 5 1. Salamanca,'® C. Saladdo *0 A, Sandorti,*! J. P. Santoro, v, .\"dpununlr;(),4L D. Schott,*

R.A. Schumacher, \' S Serov,”' Y. G. Sharabian.* D. Sharov,*® N. V. Shvedunov,*® E, S. Smith,*' L. C. Smith,*?
D.I Sober.® D. Sokhan,'? A. Starostin A. Std\msl\\, ls. StLdel\dH4L S.S. ‘mpdn\‘m" B.E. Stokes.'™'° P. Stoler,™
K. A. Stopani, aL)[ L. Stm}\()\shw 10, Strauch,'**" M lmun D.J. luhsahl " AL lumum/mn 2 A. Tkabladze, ¢
S. Tkachenko,* L. Todor.”” C. Tur,** M. Ungdro. "'M.E \*mqam, 2 A.V. Viassov.” D.P. Watts,'? X. Wei,*!

L. B. Weinstein,™ D.P. Weygand,*' M. Williams,” E. Wolin*' M. H. Wood,* A. Yegneswaran,*' M. Yurov,”® L. Zana,*

1. Zhan}__!.34 B. Zhao,"" and Z. W. Zhao™

(CT AS Caollahoration)

PHYSICAL REVIEW D, VOLUME 00,

Photoproduction of 7% 7~ meson pairs on the proton

M. Battaglieri,' R. De Vita,' A. P Szezepaniak,” K. P. Adhikari,*™® M. J. Amaryan,® M. Anwhim)]ﬁ H. Bawhxlllsar\ ran,?
L I:}nsdlinskiy.23 M. Bellis,” L. Bler\Ll\l ¥ A.S. Biselli,'™*® C. Bookwalter."* D. Branford,'> W.J. Briscoe,'®
V.D. Burkert,” S.L. Careccia,® D.S. Carman,** E. Clinton,®® P. L. Cole,"® P. Collins,* V. Crede,"® D. Dale.'®
A. D’Angelo,”** A Daniel* N. Dashyan,”” E. De Sanctis,'” A. Deur,”® S. Dhamija,'* C. Djalali,*’ G. E. Dodge,*
D. Duugh[y.m“u V. Drozdov,' H. Egiyan.m“u P. Eugﬂnio.'S G. Fedotov,™ §. Fegam.” A. Fradi,” M. Y. (Jahrielyan."l
L. Gan,* M. Gur;lm.g Al (Jasparilm ap Gilfoyle, " K. L. Giovanett,” l-' X. Girod.”™ 0. Glamazdin*® I. Goett,*
1.T. Goetz,” W. Gohn,"" E. Golovatch,"™' R. ‘DH\ (Jmnuen M. Guidal,*' L. Guo,**" K. Hafidi.}
H. Hal\ob\an 947 . Hanrett\ BN, Hassa]] HR olm)p. C.E. Hydf:."5 Y. llieva,"""' D. G. Ireland,"”
E. L. Isupov,* J.R. Johnstone,"” K. Joo,"" D. Keller,** M. thmdakf:r 1P Khetarpal,** W. Kim,” A. Klein, E.J. Klein,®
M. Kossov,2 A. Kubarovsky, By K e Sy t 422 Kuznetsm = J M. Llloet‘”g L Lesniak,?
K. Livingsmn.I7 H.Y.Lu"' M. Mayer, a tc:d:ﬁ C. A. Meyer, K. Mll\lhu]m **T Mineeva,'
M. Mimzim My, l\’lmlmlm 2V, Mokeev,"™ K. Moriya,” E. Munevar,'® P. Nadel- Turunskl I. Nakag
C.S. Nepa]l 5S. NJLu)Lu 1. Niculescu, M R Niroula, sM ()ilpf:l’l]\i) LA T Ostrovidov, ™ K. Park, 7
M. Paris,' " E, Pas\ul\ S. Anemlm Pereira,'” S. Pmnu "N anuk 0. Powurell\u s, Pozdmlll\m 27, W Price,’
Y. Prok, " D, Pmmpnpesm B A. Raue,'** G, Ricco,! M. Rlplml B.G. RJ[LhIE G. Rosner,'” P. Rossi,'” E. Sabatié,”
M. S. Saini,” C. Salgado. ''D. Schott," R. A. Schumacher,” H. Seraydary an,* Y. G. Sharabian,** D. L. Sober,*

D. Sokhan," A. Sm\f’in.s‘k}-'.22 S. Stepan)-'nn.‘12 S.S. Stepun)-’:m.27 P. Stoler,® 1.1, Str:\kovsky.'ﬁ S. Strauch,*"'® M. Taiuti,'
D. 1. Tedeschi,*" A. Teymuruzyun.25 S. Tkachenko,*® M. Ungnm.' 6 MLE Vineyurd.‘u A.V. Vlassov,™ D. P. Watts, '
L.B. Weinstein.”* D. P. \’Vf:y:__*aml.‘13 M. Williams,” E. Wolin."* M. H. Wood."' L. Zana,*" J. Zhung.‘S
B. Zhao,'"! and Z. W. Zhao*!

(The CLAS Collaboration)

#* Physics interpretation in term of long/short distance interaction in progress

# Repeating the same analysis on kk channel

#* PWA dedicated workshop at Institute for Nuclear Physics (INT, Seattle) in
November with involvement of many labs interested in hadron spectroscopy

#* Extension of this analysis to JLAB12 kinematic
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