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X(3872) discovery
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X(3872) - PDG

X(3872) MASS FROM J/twm MODE

VALUE (MaV) EVTS DOCUMENT 1D TECN  COMMENT

3871.56= 0.22 OUR AVERAGE

3871.61=% 0.16=0.19 6k L2 AALTONEN 09auCDF2 pp — J/érta—X
3871.4 = 0.6 ==0.1 03.4 AUBERT 08y BABR BT — KTJ/vrTn—
3868.7 = 15 =04 94  AUBERT 08y BABR BY — KZ%J/um™a~

3871.8 % 3.1 £3.0 522 2:2 ABAZOV 04 DO pP— J/bmtm—X

3872.0 &= 0.6 =05 36 CHOI 03 BELL B— KaTa—J/¢

e ¢ o We do not use the following data for averages, fits, limits, etc. ¢ o @

3868.6 = 1.2 =0.2 8§  TAUBERT 06 BABR BY — Kgm:ﬁ A

38713 = 0.6 =0.1 61 % AUBERT 06 BABR B~ — K—J/vwTa—

3873.4 = 1.4 25 2 AUBERT 05R BABR BT — KTJ/vmTn—

3871.3 = 0.7 %04 730 2.0 ACOSTA 04 CDF2 pp— Jhbmatn—X 1994
3836 =13 58 47 ANTONIAZZI 94 E705 300 #=Lj —

a)
i > YT+ X

bm = X

Confirmed by BaBar, DO and CDF

[Events/(20M

Width smaller than detector resolution i
(< 2.3 MeV/c?) “F
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X(3872) mass measu

Do[_)*o (+c.c.)
3871.8+0.3

rements

3865 3870 3875

X (3872) MASS (MeV)
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X(3872) properties

A charmonium(-like) state found in X(3872) — J/yp n*tn-

a-
Not found in formation in ete- collision 1/p
— Not JPC = 1-- X

* T
Observation of decay into J/w vy v
— C=+1 er n

Mass of X(3872) — D°D*0 shifted by ~3 MeV/c?
— S-wave molecular state?

Interesting properties:
breaks isospin in the decays J/y p(— n*n~), J/w w(— ntn—n9)
— is it charmonium?

Width is unknown lower limit ' < 2.3 MeV/c? (Belle)

Helicity amplitude analysis from CDF
— E.g. JPC = 1++ or 2°*

Properties and nature of the resonance still unclear !
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Charmonium production with pp reactions

Formation
p C _
2 gluons: O++, 1++ 2++
(L=0)
0-+, 2-+
D C (L=1)
J=0,2
P C
3 gluons: 1--, 1+-
D C
J=1

Determination of quantum numbers:
— angular distributions
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X(3872) line shape
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Scan experiments at PANDA -

January 19, 2011

Energy scan with
simultaneous extraction of
all known decay channels
is essential !
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HESR - High Energy Storage Ring

O 50m Acceleration
_pr il — - e il
s [ Etectron Goolel sc T,
& e Injection of p at
& % 3.7 GeV
o . =
- B Dipole magnet ' i
é \ C.)l?adrupoléJ magnet = _Storage ring for
- i Sextupole magnet : internal target
1 # operation
% $
® b od
2 k4
"% O
e &
0. StC Injection stc ~  _¢®
ol e sma—] —’r—’—ﬁ}{i—-{—l—(l}‘uﬂb
EXP
Mode High Resolution High Luminosity

Momentum range
Stored antiprotons
Luminosity

Mom. Resol. (rms)
Beam cooling

1.5 - 8.9 GeV/c
1010
2:1031 cm—2s!
Ap/p =< 4-10°5
Electron ( = 8.9 GeV/c)

1.5 -15GeV/c
1011
2:1032 cm—2s!
Ap/p = 1-104
Stochastic ( = 3.8 GeV/c)
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PANDA Detector

Target Forward
Spectrometer Dipole Magnet ~ Spectrometer
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Detector requirements

Miriam Fritsch

Nearly 4r solid angle for PWA

High rate capability: 2-107 s interactions
Efficient event selection

Good momentum resolution

Vertex info for D, Kg X, A (¢t = 317 um for D#)
Good PID (y, e, u, &, K, p)

Photon detection 1 MeV - 10 GeV

Scan experiments at PANDA - January 19, 2011
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Energy scan technique

— Line shape measurement

measured
rate

resonance

Miriam Fritsch

Scan experiments at PANDA -

Selection of the events
Normalization

Beamtime planning

January 19, 2011
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Event selection e.g. X(3872) — J/p ntn-

Formation
P J/y
p X n

Simulation at Vs = 3872 MeV/c2
and N'= 0 MeV/c?

JJw — ete or uty-
Cut round inv. J/@-mass

Combination with n*tn-

Efficiency: 32%

- — RMS: 8.3 MeV/c?
E %;ﬁff% S/B: 2
zsoi— 'H'{ -1-7[.}
200 {'.} 'H'Jr
1505_ .]:]. -}
g_ '1'+ +++{.
100g ﬂ.].]rl- ++-l+
505_ %ﬁmﬁ* ......... %“’““M
383 3.87 3.91

Invariant Jiyrn*n Mass (GeV/c?)
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Energy scan

X(3872) input: m= 3872 MeV/c?, '=1 MeV/c?, RMS: 8.3 MeV/c?
S/B = 2/1 (background argus function)

W s =3870.2 MeV % 5 =3870.6 MeV W 5 =3871 MeV
180 18

W 5 =36871.4 MeV
3 180

0 3845 3850 3655 3660 3865 3670 3875 3880
5 [MaV]

J S =3873.4 MeV

10 steps a 400 keV/c?
3870.2 — 3873.8 MeV/c?
Ap/p = 3 - 10>

80
&0
40|
20
En
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Energy scan

N 5 =3870.2 MeV
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o, = 0918 0.068 M=V

Ny, = 9076+ 135
N, = 208+ 24
e, = 28.97 £ 25

Fit with Gauss + Argus Function
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o, = 1.0281 0.050 Mel/
N, = 9073+ 134

N 5 =3871.4 MeV

Events | { 0.4 MeV )

Events J ( 0.4 MeV )

N, = 9109+ 142
N, = 36928

Rl 8 ["l )

5., = 0-883 £ 0.060 MV
N,,, = 9097 + 140
Ny = 27917

c,, =-31.54 24
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Energy scan

N 5 =3870.2 MeV
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o, = 0918 0.068 M=V

Ny, = 9076+ 135
N, = 208+ 24
e, = 28.97 £ 25

Fit with Gauss + Argus Function
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o, = 1.0281 0.050 Mel/
N, = 9073+ 134

N 5 =3871.4 MeV

Events | { 0.4 MeV )

Events J ( 0.4 MeV )

N, = 9109+ 142
N, = 36928

Rl 8 ["l )

5., = 0-883 £ 0.060 MV
N,,, = 9097 + 140
Ny = 27917

c,, =-31.54 24

— Normalization
— Luminosity
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Luminosity measurement at PANDA

Elastic antiproton-proton scattering

340

320

300

280

260

do/dt [mb/GeV?]

240

220

200

180

160

Coulomb part
Hadronic part
Total cross section

L1 B - L1 1 1 (.
0,001 0,002 0,003 0,004 0,005 0006 0,007 0,008 0,009

-t [GeV?]

At small |t| and therefore small 6:
Coulomb scattering dominates
— Differential cross section can be calculated

Miriam Fritsch

Scan experiments at PANDA - January 19, 2011

only few
measurements
available !!
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Elastic pp scattering

do/d6 (Coulomb) = do/d6 (Hadronic)

18 3 mrad:
T 16 Limit from the HESR
14 [
12 | 8 mrad:
1,0 | Certain region of 6 needed
08 |
06 -
04 [ \ 8 mrad
0,2 : | | ——— 3 mrad

2 4 6 8 10 12 14
P, (GeV/c)

— Smearing effects — Minimize reactions of
- coulomb scattering elastic antiprotons in
- magnets the beam pipe

- beam and target
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Method

t_MCO_all_Din5000

%) 10° = jﬂall] 1.6919-!!]!-:%1-.1'.'?}2&-3:
2 0 o
g i « Measurement of the 06 distribution
g‘“‘;‘ in Luminosity monitor
® T - Subtract background
O
10 e « Calculation of the |t| distribution
10 10° 10* 10" « Fit of the model to the data
t_MCO_Imdcoverad bin5000
%WLE_ ‘\\ E:::ildf 3222905135335 - LumInOSIty
S
0 \ .
£ Precise measurement of
< © distribution necessary !!
szz—
T
1“;— I Ll T |
10 1073 10% 107
-t [GeV?]
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Luminosity measurement at PANDA

Luminosity design (by now)

- 4 planes of 8 silicon trapezoids, 10 cm inbetween
— 45 deg stereo angle

— starting at 11.0 m behind the IP

— 3-8 mrad within the beampipe (vacuum)

- 150/300 um thick

Miriam Fritsch Scan experiments at PANDA - January 19, 2011
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PANDA Detector

Target Forward
Spectrometer Dipole Magnet ~ Spectrometer
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PANDA Detector ( panda

Luminosity monitor
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Energy scan

N 5 =3870.2 MeV
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o, = 0918 0.068 M=V

Ny, = 9076+ 135
N, = 208+ 24
e, = 28.97 £ 25

Fit with Gauss + Argus Function
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o, = 1.0281 0.050 Mel/
N, = 9073+ 134

N 5 =3871.4 MeV

Events | { 0.4 MeV )

Events J ( 0.4 MeV )

N, = 9109+ 142
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— Normalization
— Luminosity
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Energy scan
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Fit results

Finput =1 MeV
ke
S oo m = 3872.01 £ 0.03 MeV/c?
: r =  1.11+ 0.08 MeV/c?
6001
5001 — Unfolding beam profile
400f (Ap/p = 3 - 107)
300:
Mass resolution ~ 50 keV/c?
200¢ Width precision ~ 10%
1005—
T I I I |

_I 1L 1 1 | 1 1 | 1 || | 1 1 11 L1 | | || L1l 1
3870 3870.5 3871 3871.5 3872 3872.5 3873 38735 3874
\'s [MeV]
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Old Energy Scan results for J/p and w(2S)

E760/E835 at Fermilab

rQ/y) = 99 £12% 6keV/c2 g 30—
r(w(2S)) =306 + 36 + 16 keV/c2 5 25; H VATES
(B-factories: > 2.3 MeV/c?) 2 20 ; i '
c b i
£ 15 i E
e
Beam momentum resolution 3 100
Ap/p = 2 107 S SR S
— Vs FWHM resolution ~ 0.5MeV . 5 "
g % _
o X BR (J/w) = 630 nb z 4 % v
N bt :
PANDA § 2 - ;L} .
Luminosity (x 10) g 1 - RS E
Momentum resolution (x 1/10) g T .

Angular coverage and magnetic field N
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Beamtime Planning for narrow resonances

resonance

beam /

profile

»
»

ECM

Resonance with unknown width (I = 100 keV/c?)

If we use:

Step size 400 keV/c?

Beam width 50 keV/c?

— Big chance to miss the resonance !
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Beamtime Planning for narrow resonances

resonance

beam /

profile measured
: ‘ rate

*
*
.
*
*
*
*
.0
*

Resonance with unknown width (I = 100 keV/c?)

Start with detuned beam (e.g. width 250 keV/c?)
Overlapping beam profiles necessary (~ 4 steps)
— Rough estimate of the mass

Miriam Fritsch Scan experiments at PANDA - January 19, 2011

28



Beamtime Planning for narrow resonances

resonance

.
QR
0
. .
. .
.
x
.
N
.
- )
- .
- .
- «
- .
- -
x
: :

result
first scan

P

ECM

Resonance with unknown width (I = 100 keV/c?)
Design of final scan
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Beamtime Planning for narrow resonances

resonance

beam /

profile

L]
.
[ 1]
-
-
L
L]

»
»

ECM

Resonance with unknown width (I = 100 keV/c?)

Design of final scan
Overlapping beam profiles (10 steps, step size 150 keV/c?)
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Beamtime Planning for narrow resonances

resonance

beam / measured

profile rate

[} [
-----
L

"
agus®
"'....
.
Y gus®
o %
.....

-
\J
e e . .
Q Q Q
’.." ’0.‘.' A . Y >
»

Resonance with unknown width (I = 100 keV/c?)

Design of final scan

Overlapping beam profiles (step size 150 keV/c?)
Extract measured rate, unfold of the beam profile
— Line shape of the narrow resonance
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Beamtime Planning for narrow resonances

resonance

beam / measured

profile rate

[} [
.....
L

.t
Yaans®
o* Vag,
L 2 .

a, .
-
R Fe

For every single resonance

Optimization of the scan, especially by simultaneous measurements
Number of scans with different beam profiles

Number of steps and step size

Variation of step size close to thresholds
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X(3872) in pp measurements

Q
B

100pb +

10 ub +

lub +

100 nb +

10nb <+

inb <+

Miriam Fritsch

SARsiiEE total =

wl, T | elastic

¥~
[EY

Tt

Ne

Glueballs

@)
écz

@)
XcO

O
OX(3872)

Nt

Scan experiments at PANDA -

Hybrids

100 GeV/c

Example X(3872)

peak ~ 50 nb (E. Braaten)
— J/ynn 250 pb (ee and pu)
— DDn 500 pb (mult. channels)

includes eff. and BR
L =2-1031 cm=2 s

~ 400 ev. J/ynn
~ 800 ev. DDnt

20 points — 40 days

peak
2 days
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Conclusion and next steps

Energy scans at PANDA

— Extraction of the line shape
— Luminosity measurement

Trigger simulation

— Event overlap

— Temporal structure

— Combinatorial background
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