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NSTAR 2011 Paul Mattione, Carnegie Mellon University May 19, 2011



Searching for N* Resonances

* “Missing” N* resonances (!}
Wide, overlapping
Correlated quark-pair? 14l

* N* decays: KY, K*Y, KY*

Couplings sizable vs. N 7t Il

Sparse Yndatavs. Yp
Amplitudes (isospin)

* No known 7 n—K*(892)° A\
Cross section measurements

Legend
Black: Established [°I

Blue: Inconclusive !
Red: Unobserved [
Cyan: ¥ N — K*(892) N\ [B]
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Searching for N*

Resonances
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CLAS ¢13 Experiment and
Analysis
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JLab: CEBAF, CLAS, & g13
* JLab CEBAF accelerator: up to 6 GeV e [/

* CLAS detector (Hall B) 8]
*  DC: Tracking, TOF: Timing

* ¢g13 experiment: 10/06 - 06/07, LD, target

* Analysis: E, = 2.655 GeV, circularly
polarized v’s

* ¥ beam: radiator, ¥ tagger detects e ]

CEBAF V]

S SS SS=
0.6 GeV linac NS TN
(20 cryomodules) Y '\{,\ RN =
o 0.6 GeV linac N el SR RNNS i
67 MeV injector (20 eryomodules) N TSI NN
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\ N NN DD ~
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’ \ N NN \\i\ e
' ‘ N NN I,
End <& N N NN NN
PR [9] KE, = 0.95 0.90 080 070 050 0.30
Y, agger
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Event Selection

*  Yn—K*892)°\ & ¥y n—K* 2 *(1385)-
KW —K*m-, 2%—A 1"
N\, final state: (p), p, K*, -, 7"

Similar, studied simultaneously
* /\ invariant mass

* Spectator proton missing mass

(A)—prm Entries 353363 ‘ < < < ) < Entries 1277
Pptries 103363 2.3<E, (GeV) <2.5,0.15< cos(6,.) < 0.27 | | Erres sous 2T
4500 — Fitindex 0 120 — Fitlnde_x ) 49
E Gaussian Height 3588 C Gauss!an Height 91.87
4000 — Gaussian L 1.116 L Gauss!an n 0.9418
= Gaussian o 0.001692 100 — Gaussian o 0.01478
3500— Polynomial Order 1 B Polynomial Order 2
g p5 -9178 * p5 -956.2
3000 — 6 8811 80— p6 1952
g P C p7 -979.9
2500— C
2000— C
1500 — a0/
1000 — C
oy - 20—
- B WMWM _ - N -
500 W C - \ I L _—
[ I I I B/ I | S I A R I 1, 2, 7/ A N T D i v i o
foo 1085 11 1105 111 1415 142 1425 143 1135 1.4 97 075 o8 o085 09 095 1 1.05 1.1 115 1.2
pr Invariant Mass (GeV/c?) yD—K*nA(p) Missing Mass (GeV/c?)
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Yield Extraction

* Reactions may interfere, cut

majority of overlap G
S C
* 11 K*, Z* Cuts (70.5%) &
: =
*  Yield: K*(892)%, 2 *(1385) mass cuts %"
g 0.8
* (1), (1° backgrounds (K* 2 9) 07
R 6L P B BT
* Scale 00’s assigned s S(1385) Mass (GeVIch
| 21<E, (GeV) <2.3,0.25< cos(8,.,) <0.43 | &nee i | 23<E, (GeV) <2.5,0.15< cos(6,) < 0.27 | Fpires a0
25 — ;ir‘:i‘t(f\:zgner Height 17.6: 45 ;_ Fitlr_]de)f . 49
C Breit-Wigner 0.8882 40 E Bre!t-W!gner Height 39.37
* Breit-Wigner I' (FWHM) 0.0637 - Breit-Wigner p 1.386
20 C Polynomial Order 2 35 E Breit-Wigner I' (FWHM)  0.04481
B s: g;:g g Polynomial Order 1
.5 :_ p7 5.886 30 g_ 22 g?gg
L 25—
105— K*(892)0 20— Z *(1385)-
C 15—
5:— 10—
C 5
C P e o T S IO % 1 I . ﬁ T 0 i L : Nﬂ_wljl_hﬂh—\r
86 0.7 0.8 0.9 1 11 1.2 92 1.3 1.4 1.5 1.6 1.7 1.8
K*n Invariant Mass (GeV/c?) A Invariant Mass (GeV/c?)

~ 4100 ¥ n—K*(892)°\ events ~ 18000 ¥ n — K+ 2 *(1385)" events
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¥ n—K*(892)° A Cross Section

: e _ | yn—>K*A,1.9<E, (GeV) < 2.1
* Preliminary, no published data £ .,
Y, o p ="+ CLASg13 J
b% 0.7 .
* (1), (7°) background scale §o’s: ¥|§ oo * Oh. Kim Model
By E.: ~5.4%, ~15.0%, ~18.0% ot
* Total dg’s: ~16.9% - ~45.6% 02 |
1 05 0 05 cos(GK*o;
_ o5 YTNK*A, 21<E (GeV) < 2.3 _ | yn—>K*A, 2.3<E, (GeV) <25
g - g
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¥ n—K*(892)° A\ Cross Section

* Oh, Kim model [0: - yn—K*’A, 1.9 <E, (GeV) < 2.1
2
Effective Lagrangians 3 Z: . CLASg13 J
Partial constraint: ¥ p—>K**/A ¥ o - Oh, Kim Model
preliminary total cross section 11l ™ °s:
0.4—
Dominated by t-channel K° na
No resonances included “E }
01—
00’s not quoted : 95 ° " cos(oe)
~ o yn—>K*A, 21<E, (GeV) < 2.3 u yn—K*A, 2.3 <E, (GeV) < 2.5
1
o+ CLASg13 = | - CLASg13
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¥ n—K*(892)° A Cross Section

*  Preliminary ¥y p—K*"/\ corrected _ | yn—>K*°A,1.9<E, (GeV) < 2.1
[12] 2 .
(1.5x larger U4 oy = 3 CLAS g13 J
I 2 ool Qf 0.7
nterpretation difficult g 2. - Oh, Kim Model
© 0.5
* Low- 0 : t-channel dominated E
*  ¢g13 t-slope > model t-slope CE |
*x  Model ~12.1% < g13, within 00 s T
cos(6,..)
_ o5 YTNK*A, 21<E (GeV) < 2.3 _ | yn—>K*A, 2.3<E, (GeV) <25
2 R
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>*

(ub)

do
dcos(6,.)

(ub)

do

¥ n—K* 2 *(1385)" Cross Section

Data: preliminary CLAS ¢13, LEPS
13 total 00’s: ~16% - ~32%

(7), (7% background scale o’s: ~4.0% - ~6.8%

[1.5<E, (GeV) <1.7 _ [1.7<E,(GeV)<1.9 _ [1.9<E, (GeV) < 2.1
o |
o T ’ B o8 COS(G:(+)
[21<E, (GeV)<2.3 .
- :;* Legend
°§°- Black: CLAS g13 (preliminary)
- 0 Blue: Oh, et. al Model [13]

dcos(6,.)

Red: LEPS [°]

0.5 1
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¥ n—K* 2 *(1385)" Cross Section

* Oh, et. al model 3l effective Lagrangians, model 0o’s not quoted
Partially constrained by ¥ p — K* 2 *0 preliminary total cross section ]
Dominated by t-channel K* and K**, some N*'s and A*'s included
* N17(1945), N37(1960), N2~ (2095), N5~ (2095), N 5" (1980)

_ [15<E, (GeV)<1.7 _ [1.7<E,(GeV)<1.9 _ [1.9<E, (GeV) < 2.1
0.4; + % 0..4
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3. Bt Legend
8 %8s Black: CLAS g13 (preliminary)
" os Blue: Oh, et. al Model [13]

Red: LEPS [°]

s o s
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¥ n—K* 2 *(1385)" Cross Section

* Low- 6: t-channel dominated
* Matching: g13 & LEPS close, model ~57% < g13

* Difference with model: not necessarily N*’s: t-channel?
[1.5<E, (GeV) < 1.7 [1.7<E, (GeV) <1.9 1.9 <E, (GeV) < 2.1

5 (b)
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09‘73?0.8} -8%? 1? Legend -
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0.6— 5
L 0.6—
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Red: LEPS ]
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Yy n—K*(892)°A\ vs. y p—K* A

* ~Comparison vs. ground state [14]

(no e n—KOA yet) = | 1.9<E, (GeV) <21
1.6} o ®
Low-6: K*\ ~56% > K*O A\ .. ¢ ynoK7A-CLAS g13 .
Mid- 6, high-E »: similar g g; 2, vp—K*A - CLAS g11 .
o 1
o - °
* Rescattering through 7 N: © osb . ’
~20% effect on KA [1°] :j: . ;
K* A sizable vs. KA\ o ;
K*ONA - N* Coupled—channels 08 06 04 02 0 0z 04 o!go"s('(gi:eson)
] 21<E, (GeV)<23 _ 23<E,(GeV)<25
é 14E %0 ¢ g 1.4? 0 L
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8 1.2 ° 2 1
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S ¢ ¢ g os=
T 08— ke L °
0.6:— e + 08
0.4; ° ¢ 04% ] ) }
0.2:—% ¢ ° ¢ t 02— e % t
- ¢ e, .jo'.} :.'Ooo§.'£.§ ¢
a8 06 04 0z 0 0z 04 06 08 048 08 04 02 0 0z 04 06 08
08 (Oyecon) c0S(Byeson)
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Yy n—K* 2 *(1385) vs. yn—K* X"

* Scale comparison vs. ground state [1°]

* yn—K"*2-larger at low- 8 in high-E » bins, similar elsewhere

* K2 *(1385): N* coupled-channels analyses

%; T l %l
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NSTAR 2011
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Paul Mattione, Carnegie Mellon University

1.9<E, (GeV) < 2.1

y (1b)
T

do

) +%%
°9HH”*H*

dcos(6,.)
o
-
I
——
—o—8——

—
———8—
T _ee

—
—e—

Lo L by by 1
-08 -06 -04 -02 0

Legend

Black: g13 ¥ n—>K* 2 *(1385)
Red: LEPS ¥ n—K* 2 *(1385)-
Blue: CLAS g10 ¥ n—>K™* X - [16]

May 19, 2011

02 04 o6 08 4
cos(e)

[6]



Yy n—K*A\: 2 * Overlap Cuts

* Studied potential interference: - yn—K*A, 1.9 <E, (GeV) < 2.1
. o . EA 087 e 1T X* Overlap Cuts
Varied 2 * overlap cut width %4 - +1.50'I" Overlap Cuts %
3 @ ef o +0.5I* Overlap Cuts
* Nominal 2 * Cuts: 1 (70.5%) S .. ;

+0.51 (50.0%) & £1.51 (79.5%)

H‘HH‘HH'IIII|HH‘HHHHHHIIIII inl
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& [ e« *1.50I* Overlap Cuts &, = *1.50I* Overlap Cuts
8@ *°f .  +0.50'I* Overlap Cuts 8@ | o +0.5I* Overlap Cuts
S o5 B o6
oaf -
E 04— +
03} + - %
. -~ e ® 02—
02E X + + :k ; b % »
0.1 | | | R T T R R R RN R R
-0.2 0 0.2 0.4 0.6 -0.2 0 0.2 0.4 0.6 0.8
cos(6,.) c0s(6,.0)
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¥ n—K* 2 *: K*0 Overlap Cuts

. o o N
* Studied potential interference: ~ _ | ynoK2", 19<E, (GeV) < 2.1
= | e +1 K* Overlap Cuts

&, ° *2IK* Overlap Cuts l }

8 i ° *0 $

* Nominal K** Cuts: 1 (70.5%) 8" moft Sversp Sl ? k }
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o
©
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@)
T
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Summary & Conclusions

* N* spectrum: strong force and hadronic structure

Role of quark correlations: limit N* spectrum
Search in KY, K*Y, and KY* channels

* Preliminary ¥ n—K*(892)°\ & ¥ n— K" 2 *(1385)" cross sections
With theorist: N* couplings, greater understanding of interactions
Sizable vs. KY: include in coupled-channels analyses (rescattering)
Potential interference effects less than 00’s

Can improve further: additional studies can reduce 00’s to ~10 - ~20%

* These results will be published when the systematic uncertainties
are reduced, and will contribute to the search for the N* resonances.
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N*'s: Experimental Searches

NSTAR 2011
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N* Spectrum - Diquark Model

* Alternative: diquark model ]

Correlated quark-pair
Less DOF: less N* states

Predictions up to 2 GeV/c?
No missing resonances

* Measure N* spectrum
Role of quark correlations

Legend
Black: Established

Blue: Inconclusive
Red: Unobserved
Green: Diquark Model

NSTAR 2011
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CLAS ¥ N—N*—KY Program

* Large ¥ N—KY program: 0, polarization observables

Polarization observables: spin-dependent constraints for N* extraction

* My analyses: ¥ n—K*(892)° A and ¥ n—K* 2 *(1385)

* g13 experiment, measure cross sections

* Also LEPS, GRAAL, SAPHIR, CBELSA /TAPS, & MAMI

Reaction Experiment Published | Analyses in Progress
vp — KTA glc, g8b, gl1, g13,¢9 | o, P,C,,C, »,T7,0,.,0,,E,G
yn — K°A gl3 ¥
vp — KTX0 glc, g8b, gl1, gl13 o,P,C,,C, ¥, T,0,,0,

CLAS Experiment | Beam Target p — KON+ g8b, gl11 o, %, P
gl Y7o LH, n — K+~ 210, g13 o )
g8 VL gib__) yn — KO%0 gl3 Y
g9 Yo Tz | CaHsOH || vp — K*(892)0%+ gle o

gl0, eg3 Y LD, yn — K*(892)°A gl3 o

gll Y LH, vp — K*(892)TA gll o, P
gl3 Yoz | LD3 vp — KT3(1385)° gll o
gl4 (2011-2012) | 72,7, HD yn — KTX(1385) eg3, g13 o
vp — KTA(1520) eg3 o
yn — K°A(1520) eg3 o

NSTAR 2011 Paul Mattione, Carnegie Mellon University May 19, 2011



Signal Overlap in E ., Bins

* Overlap cuts contain 70.5% of Breit-Wigner mass peak

27

Tn—>K'T'A, 1.5<E (GeV) <1.7 | |Entries 2976 n—K'TA, 1.7 <E, (GeV) <19 | [Entries 7321] yn—>K'mwA,1.9<E (GeV)<2.1| |Entries 9666
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Y n—p 7T~ Cross Section

* Test reaction: check g13 data & analysis procedures
Compared to CLAS g10 (systematic 00 ‘s unavailable) (8l
Preliminary: partial systematic 00 s, g10
Good matching: g13 ~6.5% > g10, partial systematic: ~10.8%

yn—pr, 1.4 <E, (GeV) < 1.6

=« YN—p1, 1<E, (GeV) <1.2 = 2
LI ¢ g ol
2| » CLASg13 44| | CLASgI3 H
.=l ® CLAS g10 .0' £| ® CLAS g10 K
o [ 4 3 &
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o:: Seeee .s-w‘ :1: ."'OQQ...'-""
0 -08 -06 -04 -02 0 0.4 0.6 cgg(en) 0-1 = I-0.8I ! ‘-0.6‘ ! ‘-0.4‘ ! I-O.Z‘ = 0 = ‘0.2‘ ’ l(Zl.4I ! IO.G‘ ‘c‘gg‘(e’nl)
= YN—pT, 1.8 <E, (GeV) <2 = s YNoPT, 2.2<E, (GeV) < 2.4
v s CLASg13 o ==+ CLASgT3 +T
"l o CLAS g10 ¢ "% o CLAS g10 i
- ’
0:22_0 ."'“Oa . : ;
o.é .o.oog.h“ MEY Q“QQWOMOO0.0
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Y n—p 7T~ Cross Section

*  Will publish when finalized (significant increase to world statistics)

~2% of gl3a shown, will have smaller energy bins (E,: 0.4 - 2.5 GeV)

* Data will improve:

NSTAR 2011

N* couplings to neutron in 71N

Understanding of rescattering & ¥ n l: GWU phenomenologist

do
A dQ(ublsr)
- 'm m : w : :. 2:

o
n

o

yn—pn, 1<E, (GeV) <1.2

| « CLAS g13 téé
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e S ¥ S v R Cr cf,'g(en.)
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ind | | | | | | | |
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Y n —K*(892)° A\ Binning

'YI'I—)K*O A | Entries 43250 |
= 1
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¥ n—K* X *(1385)- Binning

yn—K'Z*  Entries 43250 |
< 1— 30
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Y n—K*(892)° A\ Yields

yn—>K*'A, 1.9<E, (GeV) < 2.1 yn—>K*'A, 2.1<E, (GeV) < 2.3 yn—>K*'A, 2.3<E, (GeV) < 2.5
g C E 500 F 5 as0F
> 2500 > :——\_,7 > E
- 400 300 L |
200 - 250 ]
r 300 e [
150 C 200~
- 200:— 1505— _\—1 —
100~ [ ] Experiment C [ |Experiment . [ ]Experiment
C C 100 —
sof- [ | McC: Model 100 [ ImMC: Model o — |[ |MC: Model
-.,.1...1...IDMC:t'SIOPe %...1...1...1.DMC:t'SIOpe - | 1 “I|:|MC:t-sIope
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cos(6,.0) cos(6,.0) cos(6,.)
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Y n— K* 2 *(1385)" Yields

yn—>K'T,15<E, (GeV) < 1.7

yn—K'Z*, 1.7<E, (GeV) < 1.9

Tn—K'I*, 1.9 <E, (GeV) < 2.1
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Y), (1t?) Backgrounds

* (7), (7% backgrounds

Studied K** & Z * in (p) sideband
* Low statistics: no 6 -dependence

Assigned as scale 00 s &

K*(892)%: 5.4% - 18.0% 5 BT e

il L
0.85 0.9 0.95 1 1.05 1.1 1.15 1.2

Z *(1 385)_: 4.0 % & 6.8 % . yD—K*1"A(p) Missing Mass (GeV/c?)

Entries 1034 Entries 911
| 21<E,(GeV) < 2.3, -0.41< cos(8,..) < 0.88 | "= e | 21<E,(GeV) <2.3,-0.34 < cos(9,)) <0.76 | | Fnes otz
= Fitindex 1 — Fitindex 3
50— Breit-Wigner Height 31.21 35— Breit-Wigner Height 16.58
C Breit-Wigner 0.8887 - Breit-Wigner y 1.384
L Breit-Wigner I (FWHM)  0.04529 30— E’T"'W'g."fz)' d‘FW“M’ 0.05904
[ Polynomial Order 2 - olynomial Order 2
40— ps -266.2
= p5 -268.2 - p6 4129
- p6 751.2 25— p7 152
L p7 -493 F
30— 20—
: K*(892)° z > *(1385)
20— 15
N 10—
10— F
- S
C h E}U_'_‘ T IR S R E L T e——— . L
96 , 1 11 1.2 92 1.5 1.6 1.7 1.8
K*n Invariant Mass (GeV/c?) A Invariant Mass (GeV/c?)
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Systematic Uncertainty Stu

* All analysis steps:

*  Vary cuts, procedures

*  Cross section change:00”’s

* Joint analyses: shared 00”s

* Dominant sources:

* Simulation distributions

*  K*0 & 2 * fits

* (1), (7% backgrounds

* Future studies

*  Backgrounds, acceptance

*  Studies in development
* Reduceoo’s to 10% - 20%

NSTAR 2011

‘ Category

Source

Study

dies

~o Range

CLAS
Acceptance

7~ Momentum Cut

100 vs. 150 (MeV/c)

3.2% - 5.4%

p & K Momentum Cuts

400 vs. 450 (MeV /c)

0.33% - 0.53%

Fiducial Cuts

0.02 rad Tighter

L7% - 6.2%

Trigger Simulation

K*, No Simulation

2.3% - 3.4%

Final-State
Identification

Particle Identification Cuts

+30 vs. 20

3.6% - 7.4%

Time Difference Cuts

+30 vs. 20

5.0% - 9.3%

A Invariant Mass Cuts
Missing Momentum Cut

p Missing Mass Cuts

+30 vs. £20
200 vs. 150 (MeV /c)

+30 vs. =20

4.4% - 6.6%
2.0% - 3.6%
2.7% - 6.5%

Specific to
n - KX

Specific to
yn — K*°A

Simulation Distribution

K*" Qverlap Cuts

t-slope vs. Model
10" vs, 220

6: 0.19“'(3 - 231‘/(
3.8% - 5.6%

2"~ Background Fits

Function Type

3.3% - 15.4%

¥*" Invariant Mass Cuts

+2I" vs. 1T

1.4% - 2.8%

~, ™ Background

Sideband Yield

4.0% - 6.8%

Overall Systematics

Simulation Distribution

NA

Model vs. t-slope

6: 16.3% - 31.3%
6: 0.036% - 32.2%

¥*~ Overlap Cuts

+1I' vs. £1.5T

6: 0.067% - 20.3%

K*Y Background Fits

Function Type

6: 0.19% - 31.6%

K*' Invariant Mass Cuts +2I" vs. =1T 6: 1.5% - 16.5%
v, 7 Background Sideband Yield 5.4% - 18.0%
Overall Systematics NA 6: 16.6% - 45.4%
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