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The x(1280) Meson in CLAS g11

* The ,(1285) & n(1295) mesons
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events / 2 MeV

First Observation of f,(1285)/m(12995) in
Photoproduction in CLAS at JLAB

+ -
YP—>pn n(n)
50000
n x(1280)

40000 - £,(1285) 1* , I = 24 MeV

i - 1n(1295) 0, I'= 55 MeV
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MM(y,p) GeV

 Great statistics in CLAS g11 data: ~1.5 x 10° events in peak 4



WA1 02 Results (pp - p(nmmp)

fr] « WA102 (CERN) central

: ' j_':'f_‘ :.! 3_/ production data shows 1*
; o H,._ﬂ_q :I_;-,.,-'.L*_f_ with no O™ in N1t

ot . 0 * Clear signal in the ply
- - — channel

.............
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§ . f1 (1 28 5) +

 Using PWA of tp - nmm
determine that 1280 MeV
signal is ~80% n(1295) and
calculate B.R.’s b

FIG. 3. w7~ three-body mass distribution (not corrected for

: & & 8

L/

i i j i j i
1 1.2 14 16 1.8 2 22
GeV

acceptance).
TABLE II. f, branching fractions. .

il
=

Decay mode PDG [7] BNLES52  KEK-E179[9.10]

47 3514% 65E4% 39+£5% 5‘

W 50X 18% 7+3% 16E5%

yp° 5.4+12% 10+ 4% 0+ 39,

KK 9.6+1.2% 18+ 1% 16+ 1% 1

* Z

No measurements of p°y channel o -

S T R VR I Sy
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Using CLAS to Determine f./m Properties

Decay Mode |Measurements

NAT do/dQ2, mass, width,
Branching Fraction

a,T —> NAT Dalitz plot analysis

KKn do/dQ, Branching Fraction

POy Branching Fraction
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The x(1280) Meson in CLAS g11

e Differential Cross Sections
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Event Selection

e Kinematic fit tracks to PID
hypothesis

- Eg.yp — ptr(n)

 ATOF to reject false identities,

duplicate events and events
paired with incorrect photon.

e Fiducial cuts i+ :‘
) R il 'le‘ 1

P{GeVic)
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Event Selection:
Calibration throughyp - n'p

e Acts as a reference M—L 2 45 gg!d

reaction
0 i
* ' do/dQ in N & p°y § ik
decay modes ! 3
w0 Le - =
1 L
I
*Blue: this analysis nrz ,:H_ﬁ%iﬁ
*Red: this anaIySIS pY I]B I]G nTﬁ.z {l} 02 04 06 08 |

*Black: CLAS g11 (williams, PRC
045213 (2009))
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X(1280) yields: Two Methods

» Voigt + Polynomial fit EEE@HWZ o
- yields innnrand KK~ = :
- mass and I via nnn
. Monte Carlo signal and "ol "]

‘P.1B 1.2 1.22 124 126 1.28 1.3 1.32 134 136 1.38
MM(y,p) GeV

backgrounds fit

Lﬁ'a < Cos®, CM=-0.6
el = : = - ™ + _1—|—|—_|:
. . - : _sU .
= hopipi_ thed
- yields in nnw ; ¥ gromed 3
[ C_X .
u i deltass_smoo thed

MM(1,p) GeV
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* X = NAN
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Differential Cross Sections

-(W: 2.55 GeV
—|—+— nnt MC Bkgd
-~ nzn Voigtian

- Both methods
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Differential Cross Sections

PRI

* X =TT e\ 2.55 Ge E
_ methods 1,5;_—:((1230) CLAS g11 _l__
combined 14 E
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Differential Cross Sections
PRE

* Now add KK |W: 2.55 GeV E
- Scaled by global zf:_«r']‘%“ _l_:
f|t 14;— _;
12 3
10 B o
2%— —— E
42—_1_—1——1—_1— £
2F ]
0
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Differential Cross Sections

PRELH\/“NAR%{ ﬂ AP, £1(1285), 5(1205), n(548)

20

1B§_W 2.55 GeV f.(1285)
16— X(1280) CLAS g11 _[_ _: p,w
14 \4 E
12 :
pd ER p
j: e S n1205) |.. 1 Regge model prediction
—— | b
3 y N.l. Kocheley, et al.
E e T | 4 (arXivi0903.5369v1)

05 0 0.5
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Mass and width from kinematic fit
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1-1285:
dzsaz—
Elzasi—

T2s2E
N
Uh281F
o 2

Ezaoi—
12795
12785
12175
1276 -
12755

PDG f (1285)
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25<W<26

cos OCM x(1280)

1281.8 £ 0.6 MeV

T (MeV)

= = N N W W

th o
ANRRRRNRRN

G 8
T[T

&
T[T

vp— X(1280)p — pmt(n)

25<W<26

=
IANRRRRNRR

ur value x(1280) 18.80 £ 1.70

D
T

cos OCM x(1280)

242 +1.1 MeV




The x(1280) Meson in CLAS g11

» Dalitz Plot Analysis
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Dalitz Plot Analysis in X — nrw

» Alook at the structure ., . Data [
of the x — nnr decay. & i
0.51.2_— ] 2000
» Attempts to model the = | 0o
background were : 0
unsuccessful. 08 | 1000
» Instead, we use o8| W™
sideband subtraction. f ..o T

M(n,n*) GeV?
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Sideband Scallng Method

—geod events » We apply a linear
transformation to
bring the sidebands
to the x(1280) mass.

2R R
[RRAR RRLA R LR BRI LA R M

lﬂ‘lﬁsw.p]GaV
Scaled Sidebands
"'!;_ 1.4F T T T T -
Q
1] n
T 2000
=12 _
= [
L 1000
1_
= 0
0.8 —
i -1000
0.6 -2000
i AR RN NN AN SN TN TN N NN NN NN AN N SO TN NN B B
062 06 o8 1 12 14

M?(n,n*) GeV?
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| Data
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M3(n,n) GeV?

Background Subtracted

14F ' ' — T 0o
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- 400
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Profiles consistent with coherent sum of Breit-Wigner
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Dalitz Analysis Results

o Profile of a,bands consistent with coherent sum
of Breit-Wigners

- a," slightly stronger (~52%)
* Negligible non-resonant component

- Difficult to quantify, as background subtraction is
dominant contribution to errors
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The x(1280) Meson in CLAS g11

 Branching Fractions
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Branching Fractions

* Measure relative branching fractions

Fx(1280)—>KK7r

x(1280)— nrx

x(1280)— py

A
A
A

x(1280)— nrr
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Branching Fractions

* Measure relative branching fractions

[’ . .
x(1280-KKz o Yijelds easily computed
Fx(1280>—>777l'7l'
I
x(1280)—
- 1280} py » Now look for p%y
x(1280)— nrx

- Expect ~10% of nrr strength

- Difficult to seperate from
YP—prttand yp—print
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Extracting x(1280) — p°y

Reducing backgound

VPP & YP—PTT T T 38000

Additional Cuts:
Missing P > 100 MeV

CL(yp—prn’) < 0.01

05/31/10

: IIIIIIIIIIIIIII I
42000 —
40000~

"
36000
34000 —
32000 — 1200 -
30000 E_ 1000F
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- 800
26000 B
24000 600
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= i
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Preliminary Branching Fractions
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step value | stat. error | syst. error | PDG f;(1285)
p’~ Yield 3790 789 35 %

p~y Acceptance 0.0298 0.00006

K=K°r* Yield 7170 436 4.7%

K*KO1F Acceptance | 0.0149 0.00003

nrt ™ Yield 151000 3590 19.8%

nm 7~ Acceptance 0.0701 0.0001

B.R.(;2752) 0.059 0.0124 0.0237 | 0.127 + 0.014
B.R.(mg*f;f;f) 0.187 0.0001 0.046 | 0.170 £ 0.012

Ryan Dickson - Carnegie Mellon
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Conclusions

First photoproduction measurements of x(1280),
seen in several decay channels.

- 1n' mass and cross sections used to calibrate
methods.

Mass and width of the state are more consistent
with the PDG values for f,(1285) than for n(1295).

Dalitz plot analysis of nrr final state shows
dominance of a,(980)r decay mode.

Branching Ratio measurements for KKn/nnrt and
pymnr consistent with PDG f,(1285).
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Backup Slides
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Method 1: Voigt + Polynomial

hru"Mp nc_etapipi_2.3_6

uz-:c @ <0.4 ——
- Voigtian Lineshape works well to extract ==
yield. 3
- Fit our x(1280) Monte Carlo to e o
determines this ¢ in each kinematic =~ =« - 3
bin. a0k E
. . . . P.'H! I 'I.IE -;.i’ll'll_id: I'II.IZE”'II.E;BI I :I.IllI I'II.IIEI 1.34 'I?]E 'II.;-B
- Fix this parameter in our data fits. M) Oe¥

* Mass and width are free parameters 07 < Cos 6 <04 =TT
in bins with good statistics and R W -
favorable background.

s00- Data
PP PP PP PRIV PRI SR SIS SR AP
148 1.2 122 1.24 126 1.28 1.3 1.32 1.34 136 1.38
MM{.p) GeV

05/31/10 Ryan Dickson - Carnegie Mellon 32



Method 2: MC Signal + Bkgd

-0.2<cos© <0.0

» Chosen smoothed background
distributions were fit in

conjunction with x(1280) — nnr
MC spectra.

* Yields are the integrated MC ;
scaled by the fit coefficient from of e

118 16 T35 T3 15

each bin MM(y.p) GV

Blue: Bkgd Sum
Green: ppnn
Brown: A*"mnn

Red: x(1280)
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Method 2: MC Signal + Bkgd

« Several channels processed to model the
background shape seen in data.

- PUTTTT
- ppTTw
- A" m, AT T, AT T

- pf(1370)

* Four pion final states populate kinematic space
of our data.

 Chosen distributions were smoothed and fit in
conjunction with x(1280) — nnrt MC spectra
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Method 2: MC Signal + Bkgd

« Several channels processed to model the
background shape seen in data.

T PpPTT
- A"m nm,

- pf(1370)

* Four pion final states populate kinematic space
of our data.

 Chosen distributions were smoothed and fit in
conjunction with x(1280) — nnrt MC spectra
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| 0.8<Cos ©,<-0.6 -0.6 < Cos 6, <-0.4 04<Cos®,<-02 |

d 2 M( ghalmg} Bkad
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r . 1001 3 100 3
oE E s0F = sof- 3
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Y511 12 13 14 15 16 17 18 R IV e S S N ¥ e A ¥ 14 12 13 14 15 16 17 18
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450: T T T T T T |"': = T T T T T T 3 500 T T T T T T |""_‘
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305 3 400E E s0of =
E B 350 — C ]
SDEI:— = 3005 3 F
250 3 £ E 300 e
E E 250 —
200 3 E 3 F ]
E ] 2005 3 200 .
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100 = 100;— 3 100 =
s0f- E sof- 3 g ]
O- ....|....|....|....|....|...|....E OE NS A I AN I A PR A = ok A T N A R Tl N
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Sideband scaling Method

M — Ty Mg Mg

/2 _ /
mij _f(M:Mﬁmij:mk)

2 man _ _ 2
m;; = (m; + m;)

2 max _ 2
m;; = (M — my,)

_ 2 max 2 min

r(M,m;;,mg) = m;; — mj;

/2 _ r(Mym;j,my) 2 .2 min
m;; — r(Mymgj,my) (mz’j 1

05/31/10
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Systematic Test of Fits versus W

7 ThT EARLYAL]
| W: 2200..2400 MeV I yield 408746232
1400 peak * 1.281% 0.000
1200 sigma 0.0046 + 0.0000
gamma 0.02+0.00
1000 p4 46260405+ 422
p5 -3.446e+405 + 371
800 p6 -9.576e4+04 + 284
600 _|_ p7 7.711e+04+ 191
400 -3
200
0
200 3
L L L
1.22 1.24 1.26 1.28 13 1.32 1.34
MM(y,p) GeV
2T ndl 7313/ 11
W: 2600..2800 MeV I yield  4315%376.6
10 peak 1.281+ 0.000
0.0046 + 0.0000
120 0.02+0.00
100 1.58e405 + 264
1 1.309e+05+ 238
80 9.041e+04+ 185
o 1L 0710204 + 123 |
40
20
0 —4
-20

L |
122 1.24 1.26

L1
1.28 13

L s
132 134
MM(y,p) GeV

500

400

300

W: 2500..2800 MeV

il

% I ndf 1013711
yield 1640+ 715.6
peak 1.281+ 0,000
sigma 0.0046 + 0.0000
gamma 0.02+0.00
p4 -3.673e+05 + 31570
p5 3.043e+05+ 24613
2.149e+05+ 19086

-1.699e+05 + 14843

122 1.24 1.26 1.28 13 1.32 1.34
MM(y,p) GeV
7 Trdl 017711
W: 2200..2700 MeV || yield . 5535+8158
peak 1.281: 0.000
sigma 0.0046 + 0.0000
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L
1.28 13 1.

gamma 0.02+0.00
p4 7.473e+04+ 564
p5 -2.198e+04 + 502

1.279e+05+ 386
-1.01e+05 + 258

[z Thar 7375771

| W: 2300..2500 MeV I yield 3701+ 681.8

1200 peak 1.281+ 0.000

sigma  0.0046+ 0.0000

1000 gamma 0.02+0.00

p4 -5.787e+05 + 468

800 p5 4.843e405+ 418

4.341e405+ 322

600, -3.4390+05 + 215
400
200
o
-200

L L
132 1.3

7y
MM(y,) GeV

2 [ ndf X
W: 2200..2500 MeV | | %ietd o115 5727
2000 peak 1.281+ 0.000
sigma 0.0046 + 0.0000
gamma 0.02+ 0.00
1500 p4 2.991e+05+ 495
p5 -2.061e+05 + 438
-136.8+ 336.1
1000 -168.8+ 225.1
500/ E
o

Y P
1.22 124 1.26 1.28 13 1.32 1.34
MM(y,p) GeV
2T ndt 1047711
yield 4801+ 780.1
peak 1.281+ 0.000
sigma 0.0046+ 0.0000
gamma 0.02:+0.00
p4 1.32e405 + 538
p5 -7.119e+04 + 478
9.77e+04 + 368
-7.642e+04 & 246

1.22 1.24 1.26 1.28 1.3 1.32 1.34
MM(y.p) GeV

TTnar 6217711

W: 2300..2800 MeV || Yield 4122+ 779.9
peak 1.281+ 0.000

sigma 0.0046 + 0.0000

gamma 0.02+0.00

p4 -7.371e+05 + 539
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1.

32 1.34
MM(y,) GeV

6.15e+05 + 483
5.256e+05+ 373
-4.151e+05 + 248

YEThaT 5521711

l W: 2400..2600 MeV I yield 2083 + 616.9

700 peak 1.281+ 0.000

sigma  0.0046 + 0.0000

600 gamma 0.02:+0.00

500 pa -4.969¢+05 + 429

p5 4.114+05+ 386

400 p6 3.1980+05:+ 298

300 p7 -2.52¢405+ 198
200
100
o
-100

I L L L
1.22 124 1.26 1.28 13 1.32 1.34
MM(y.) GeV

2 Tndf 5901 /11

W: 2300..2600 MeV || yied 3380+ 7427

peak 1.281+ 0.000

1000 sigma  0.0046 + 0.0000

gamma 0.02:+0.00

800 pa -6.8150405 + 512

p5 5.6760+05:+ 459

00 4.9560+05°+ 354

-3.91e405:+ 236
400

1.32 1 .:IM
MM(.p) GeV

1400

1200
1000

X ThdT 6217711
W: 2300..2700 MeV || yield _  a122: 7799
peak 1.281+ 0,000
sigma  0.0046+ 0.0000
gamma 0.02 0.00
p4 7371405 = 539
p5 6.15e405 + 483
p6 5.256405 373
p7 41516405 + 248

1.32 1.34
MM(y.p) GeV

X2/ ndf 1017 /11
yield 5535+ 815.8
1800 peak 1.281+ 0.000
1600 sigma 0.0046 + 0.0000
gamma 0.02+ 0.00
1400 p4 7.473e+04+ 564
1200 p5 -2.198e+04 + 502
1000 pé 1.279e+05+ 386

-1.01e+05 + 258

500

400

300

200

100

%2 Tndf 10,1371
[ w: 2500..2700 MeV |[ s tod0iricg
peak 1.281+ 0.000
sigma 0.0046 + 0.0000
gamma 0.02+0.00
P4 -3.673e+05 + 31570
PS5 3.043e+05 + 24613
p6 2.149e+05 + 19086
p7 -1.699e+05 + 14843
5952105
. i |
22 1.24 1.26 1.28 13 1.32 1.34
MM(y,p) GeV
T Tndf 7.506 /11
W: 2400..2700 MeV I ;ield 2814 + 660.9
peak 1,281+ 0,000
sigma  0.0046+ 0.0000
gamma 0.02+0.00
p4 55330405 + 459
p5 45980405+ 414
p6 34980405+ 320

7 -2,762¢405 + 213

1.32 1.54
MM(y.5) GeV

FRLTi 7506711
W: 2400..2800 MeV || yield 2814 + 660.9
peak 1,281 0,000
sigma  0.0046+ 0.0000
gamma 0.02+ 0.00
pa 55330405 + 459
p5 45980405+ 414

3.498e+05+ 320
-2.762e405 + 213

1.32 1.34
MM(y,5) GeV
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Dalitz Plot Systematics

yp—prrnrt MC
%1-4__: ¥ : f Y ¥ ¥ T ¥ ; ¥ | T T 1 _l: 200
o L _
= [ =150
£1.2- -
s [ 5100
1= _|" =150
i 1 o
0.8~ — —-50
I 1k —-100
0.6 —
i 150
- 200

=

0- | | | | | | I | | | | 1 | | | | 1 |
8. 0.6 08 1 12 14
M2(n,n*) GeV?
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Dalitz Plot Systematics

Acceptance Corrected

f"l}1 _4 | = T ] + t + T + } f 1 T | | _I_
QD — -
S L |
E _ _
£1.21 .

T ]

1— ]
081" B
0.6 -

B | | | | | | | | | | | | | | | | | | | |_
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Dalitz Plot Systematics

 Fitting slices shows no
apparent bias from
our scaling function.

 Still working on
quantifying the
systematic error from
this method
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0%y decay mode, missing?
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Yp — p7r(Y) contains ©° Background

fiducial, paddle, mc, CL, PID2, and Pperp cuts

0.9 1 1.1 1.2 1R/”VI Y, éev
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Remove 1° via Kinematic Fit < 0.01
CL

after n° cut

0.9 1 1.1 1.2 1. R/”Vl Y, .éev
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KKr PID and method.

« Kaon identification requires tighter ATOF cuts of +/-
0.5 ns.

o Statistics were still limited with the K*K-° channel
invisible in our binning.

- K*Kt~and K" K°z*channels combined and fit using

voigtian with mass and width fixed from nm'nt~ mode
results.

- Finally both the KKt and nn*n yields were scaled
by the appropriate isospin Clebsch-Gordon values
to account for the missing K*Kn° and nn’r’
channels.
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Corrections & Cuts
of Data and Monte Carlo

» Tagger Photon Energy Corrections
* Drift Chamber Momentum Corrections

 CMU studies (need better heading here)
- Monte Carlo trigger efficiency
- MC momentum smearing (instead of gpp)

- MC scaling (throw away events where GSIM is
still ‘too efficient’ compared to data)

— TOF Paddle and fiducial cuts as well of course

05/31/10 Ryan Dickson - Carnegie Mellon

47



ATOF(ns

mcC

||||I|.|||IJI|||||||||||||||||||

0 0.5 1 1.5 2 2.5 3

P(GeV/c)

ATOF(ns

data

0 05 1 15 2 25 3

P(GeV/c)
05/31/10

10°

1.5

ATOF(ns

2 25 3

P(GeVic)

2 25 3

P(GeVic)

10°

10

Ryan Dickson - Carnegie Mellon

10°
10°
10
d
IR RS NS NN RS 1
o 0.5 1 1.5 2 25 3

P(GeV/c)

05 1 5 2 25 3

P(GeV/c)



	Slide 1
	Slide 2
	Slide 3
	First Observation of f1(1285)/(1295) in Photoproduction
	WA102 Results (pp  p()p)
	BNL E852
	Using CLAS to Determine f1/h Properties
	CLAS at Jefferson Lab
	Slide 9
	Slide 10
	Calibration through  p  ' p
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Conclusion
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Ok, now lets go set an upper limit…
	Slide 44
	Slide 45
	Slide 46
	Corrections & Cuts  of Data and Monte Carlo
	Slide 48

