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Charmonium-like Exotics PWG ESI

* New structure, three Physics Working Groups since 2014
» Charmonium
» Charmonium-like Exotics
» Light Quark Mesons

* Regular joint meetings (JourFix: Wed, 10h30)
» Large overlap in activities and interests

* Manpower situation
» Participation in the joint meetings: 5-10 people
» Merely 3-4 analysts actively involved during scrutiny process in 2014
> At present: 3 active physics analysis (fullSim, pandaRoot)
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Charmonium-like Exotics PWG =il

Who we are:

e Univ. Bochum
> M.Pelizaeus

* GSI| Darmstadt

» K.Gotzen, R.Kliemt, F.Nerling
JINR Dubna

» M.Barabanov, A.Luchinsky, A.Zinchenko, tbc
INFN Ferrara

» E.Fioravanti
Univ. Giessen

» M.Galuska, S.Lange, tbc
FZ Julich

» E.Prencipe, tbc
HI Mainz

» T.Weber, tbc

BINP Novosibirsk
» A.Blinov, tbc
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—Ean Charmonium-like Exotics PWG E=S
* Univ. Bochum
» Study for spin-exotic charmonium hybrid ry,,, further channels (PANDA Phys. Perf. Report)
» Very quick, first look to kinematics at PANDA for Zc(4430)

* GS| Darmstadt

» Scrutiny studies for X,Y,Z (feasibilty for various charmonia and recoils)

» X(3872) resonance energy scan (width, lineshapes)
JNR Dubna

» PandaRoot QA checks

» EvtGen modelling for X(3872)
INFN Ferrara

» Scrutiny studies for X(3872)
Univ. Giessen

» X(3872) resonance energy scan (width)

» Search for Zc(3730) at PANDA
FZ Julich

> Y (4260) first studies (also Giessen)

» Search for Zc(3730) at PANDA
HI Mainz

» X(3872) resonance energy scan (trial to extract lineshape, importance of precise lumi)
BINP Novosibirsk

» Study of pbar d 2> Z p, with additional recoil proton detector

» Search for Zc(3730) at PANDA (also Julich)
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" Activities, achievements so far == I

* PANDA Physics Performance Report
» old analysis framework
» among others dedicated studies for Charmonium-like exotics

* Scrutiny studies
» fastSim studies (tuned to full sim)
» for X,Y,Z production, various charmonia and recoils

* Dedicated X(3872) energy scan studies
» pbarp 2 X(3872) 2 Jlynrnt (J/y 2 e+e- and partly also mu+mu-)
» 3 independent analyses (M.Galuska, T.Weber, K.Gotzen)
-> with different focus and levels of completeness,
cf. Master thesis, IN-REP-2015-005, Talks at last PWG meetings, respectively

* X,Y,Z production and proposal of a search for Z(3730) at PANDA
> estimate of X,Y,Z states produced at PANDA
» Search for X = Z transition (S.Lange, E.Prencipe, A.Blinov, ...)
» Zc production on deuterim target: pd > Z p (A.Blinov)
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Activities, achievements so far ESI

FAIR/PANDA /Physics Book

e PANDA Physics Performance Report Physics Performance Report for:
> quite some work went in PANDA
» not up-to-date anymore (AmiBronn Anibilicns at Darmszads)
» not sufficient anymore Strong Interaction Studies with Antiprotons
» need an update (Physics Book)

PANDA Collaboration

To study fundamental questions of hadron and suckar physics in interactions of antiprotons with m

and mckd, the universal PANDA detector will be build. Gloonic excitations, the physiecs of strange amn
charm quarks and
allowing hig

art mntornal
. charged part 1 within the rolevam I !
And therefore. This k.-g_:-m priseats a sumznary of lh: physcs acccsable
CXHX d

- detailed, dedicated pandaRoot simulation

studies with a reasonable detector m—',j i
inti ivel =4
description to be conclusive! e EEDEE
[ e
- take into account recent news, facts and -

5

measurements

g
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Short Summary of Results, FoMs =

e Scrutiny studies: Feasibility for XYZ states at PANDA [K .Gétzen, R. Kliemt, F. Nerling]
6.=10nb, E___=5.5GeV, 1x1032 c=1nb,E_.=5.5GeV, x103!
10nb L/cms 1nb L/cms
detopt Full detopt Full
E_cm E_cm
mode t[d] S/B  DalQA mode t[d] S/B  DalQA
etac(2Kpi0) 2pi 7,0 0,004 v etac(2Kpi0) 2pi 701 0,000 v
etac(2Kpi0) 2pi0 | 3,0 0016 Vv etac(2Kpi0) 2pi0 | 291 0002 v
etac(2Kpi0) 2eta 9,4 0,20 v etac(2Kpi0) 2eta 118 0,020 v
etac(2Kpi0) 2K 1,4 0,079 v etac(2Kpi0) 2K 43 0,008 v
etac(KsKpi) 2pi 3,7 0,11 v etac(KsKpi) 2pi 88 0,011 v
etac(KsKpi) 2pi0 3,7 0,26 v etac(KsKpi) 2pi0 37 0,026 v
etac(KsKpi) 2eta 10 0,19 v etac(KsKpi) 2eta 133 0,019 v
55 etac(KsKpi) 2K 2,8 0,69 v 55 etac(KsKpi) 2K 28 0,069 v
" lpsi(2e) 2pi 08 26 v " lpsi(2e) 2pi 76 026 v
Jpsi(2e) 2pi0 0,9 2,1 v Jpsi(2e) 2pi0 9,2 0,21 v
Ipsi(2e) 2eta 3,8 0,57 v psi(2e) 2eta 38 0,057 v
Upsi(2e) 2K 0,7 2,7 v psi(2e) 2K 7,2 0,27 v
Jpsi(2mu) 2pi 0,6 3,1 v Jpsi(2mu) 2pi 6,3 0,31 v
Jpsi(2mu) 2pi0 0,6 3,0 v Jpsi(2mu) 2pi0 6,4 0,30 v
psi(2mu) 2eta 2,3 0,82 v Jpsi(2mu) 2eta 24 0,082 v
Jpsi(2mu) 2K 0,5 3,8 v Ipsi(2mu) 2K 51 0,38 v
Time QA (days) S/B QA Dal QA
green < 30 red >= 365 green > 1 red <= 0.1 ok <1.5
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Activities, achievements so far =il

* PANDA Physics Performance Report
» old analysis framework
» among others dedicated studies for Charmonium-like exotics

* Scrutiny studies
» fastSim studies (tuned to full sim)
» for X,Y,Z production, various charmonia and recoils

* Dedicated X(3872) energy scan studies
> pbarp > X(3872) 2> Jlynrnt (J/ly > e+e- and partly also mu+mu-)
» 3 independent analyses (M.Galuska, T.Weber, K.Gotzen)
-> with different focus and levels of completeness,
cf. Master thesis, IN-REP-2015-005, Talks at last PWG meetings, respectively

* X,Y,Z production and proposal of a search for Z(3730) at PANDA
> estimate of X,Y,Z states produced at PANDA
» Search for X = Z transition (S.Lange, E.Prencipe, A.Blinov, ...)
» Zc production on deuterim target: pd 2> Z p (A.Blinov)
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Knowns and missings on the X(3872) ==
Already known: Important knowledge missing & needed:
* Observed by 7 experiments * Width, only upper limit (Bellel): T'<1.2MeV
* Observed in 5 decay channels - prediction for pure charmonium state x,":
I'=40keV

charmonium potential model: x4’ o

> predicted mass = 50 MeV larger - prediction for molecule, must be larger

[Barnes, Godfry, Swanson, Phys. Rev. D72 (2005) 054026] than width of D*:

I'>823+12+1.4keV

* Not produced in e*e" —y*— X(3872) [E.Braaten, Phys. Rev. D77 (2008) 034019]

(e*e” > v*v* — X(3872) possible but suppressed)

=> precise (sub-MeV) measurement
of the width of the X(3872),
indeed needed the lineshape!
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. =1
Study lineshapes
* Panda: Neutral & charged, e.g. J/iynn*, Jynon®, x y— Jyyy, Jhyy, Jym ey, ...
* Direct formation in pp =2 lineshapes
* Example: X(3872)
” % | 0_0 I I [ |
Jwm || . gm _ D°D°z° E. Braaten, M. Lu,
s 3 ] PRD 77 (2008) 014029
5 5 5[ -
i DOD*0 :
L T 2 ! 2
E [MeV] E [MeV]
virtual state C. Hanhart et al.,

binding state PRD 76 (2007) 034007 :
Compare lineshapes

in different final states
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X(3872) — released result e il

Upper limit on branching ratio by LHCb:

BR(X—Pp) < 0.002*BR(X—J/yrnt) = '<1.2 MeV  EPJC73 (2013) 2462

* And BR(X=Jiyn) > 0.026 (PDG 12) => o(Pp—X(3872)) < 67 nb

’ x(3872) Resonance scan MC Data I Flt Wlth COHStam PIUS COﬂV0|UtI0n ju' 1 /s = 3871.54 MeV “' 2 3871.59 MeV/| “17 3 3871.64 MeV/| “,;4 3871.69 MeV
of Breit-Wigner and Gaussian i i i
£ " 3= MC Data v2/ndf 30.91/15
3 - — Global Fit Mys72) 3.872 GeV + 5.263 keV bl e ]
o 140 ? L Signal ﬂt rX(3872) 869 - 168 kev 1 5 Vs=387174Mev| 6 3871.79Mev| o 7 3871.84MeV| f 8 3871.89 MV
C Sl e Background Level 2451 +1.80| = i b 1 ’
sael - ackground fit A(Vs)  fixed @33.568 keV| - ) . H q
100 :__ ,j9 \/§:3971_;4M9v‘ ::10 ‘3371.;9Mev‘ ’:1113 : ‘;;72;4M;VE !2; 12’ : 3872.09 MeV
80— -
: i TN Y I
60 :__ Z:: 13 /s =38 My E 14 3872.19 MeV. :Z 15 3872.24 MeV| “‘g 16 3872.29 MeV.
o A |-
I e crrrrres U AR SSRRRUURRROTR, SRRV v 17 Ve 11 R rraney 720
o L # / \+
- /' \\ f
[E=8_ 2 1_1_-4--1-"1'/| Y N L N (O DO T it 0 o) oy D R ot 0af-
3.8716 3.8718 3.872 3.8722 3.8724 3.8726 oo lespoponeponnd o] o] e
Vs/ GeV
* Here: Assume o = 50 nb, Luminosity: 2x103'" cm-2s-1
* Measurement of =100 keV with 20% relative error [M.Galuska, Master thesis]
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- Lineshapes for different E; g
otzen,
> Talk by K- 50311 bec2015
PWGS 18 ov
_ E =-14.0 MeV B E, =-10.0 MeV
2 50 2 504
L V21,6 + 2E,-/g +iI'0)/g & &
‘ (m_}_ 2E,/g)? + I'(0)2/g> o bound ] bound
301 30
Re(a) > 0 : bound state o o
Re(a) < 0 : virtual state
101 10+
Re(a) p
E ] I
= /I - ce TR 2 3 3 2 1 0 1 2
g 10 | Ep= ~8.56 MeV E-E, [MeV] E-E, [MeV]
c ] =-7.0 MeV =-5.0 MeV
5 / \l / 2 s0] = : 2 50/ . :
1 \i ’ J v
0 bound virtual - - o virtual ! virtual
5 I
] I 20+ 20+
| |\ / j
-10 10+ 101
] I
14 13 12 11 10 9 8 -7 6 -5 (T S S S S MEARAY S SN S
E, [MeV] E-E, [MeV] E-E; [MeV]
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e Scan Examples Molecule Lineshape s
otzen,
> Talk by K. GOVZE Dec2015
gth Nov &1
PWGs 1
HR: 21 x 2 days HESRr: 21 x 2 days
E:=-5MeV [ =100 keV
Scan 21 x 2736nb™'/ E, = -5.00MeV Scan 21 x 2340nb”'/ I” = 100keV
g ' Prob 0.021 g ] Prob 0.508
0>.> L 0.067 + 0.000 0>-> 80 — A 13.822 + 3.023
1204 { a, 12.926 + 2206 o : My —0.096 + 0.021
_ dE,., 0.112 4 0.115 70 Opeam  0.067 + 0.000
1001 E, ~4.908 + 0.387 r 0.044 + 0.039
: f, 0.000 + 0.000 60‘ a 11.443 + 1.293
80 ‘ g: 0:137 ‘ o:ooo 50 -
60 T 40-
] 30
40'_ ]
20 ++
20 { { 10 + + | +-—<
b tT
0 - T T T | L LA SRR 0-— T T LA DL |
—2 0 2 4 6 8 10 —1 -0.5 0 0.5 1
E - E, [MeV] E - E, [MeV]
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tzen,
;\Aw/—g\skl\gh\(\\\éo & 157 Dec2015

Py Se"S't'V'tyEf(31 ..... xadinHL) 50 Sensitivity BW T (31 x 2d)

—e— HESRr mode
—4— HR mode
—— HL mode

S .
| | | . = relative error
. . : [_‘ e
- S R ............... mlsmatch ..... .................... s P 5 :
@
o

— reach 30 @ =130 keV!

(all modes)

-----------------

1T .................... 5 I} mlsmatch ,,,,,,,,,,,,,,
B (V—)B)

: : : L :
T I T T T I T T T I T T T I T T T I T T T

Efy.e [MeV]

T [keV]
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* PANDA Physics Performance Report
» old analysis framework
» among others dedicated studies for Charmonium-like exotics

* Scrutiny studies
» fastSim studies (tuned to full sim)
» for X,Y,Z production, various charmonia and recoils

* Dedicated X(3872) energy scan studies
» pbarp 2 X(3872) 2 Jlynrnt (J/y = e+e- and partly also mu+mu-)
» 3 independent analyses (M.Galuska, T.Weber, K.Gotzen)
—> with different focus and levels of completeness,
cf. Master thesis, IN-REP-2015-005, Talks at last PWG meetings, respectively

* X,Y,Z production and proposal of a search for Z(3730) at PANDA
> estimate of X,Y,Z states produced at PANDA
» Search for X = Z transition (S.Lange, E.Prencipe, A.Blinov, ...)
» Zc production on deuterim target: pd 2> Z p (A.Blinov)
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Open questions about Z states

* charged and neutral Z states — same mass ?
[ccuu,ccdd] vs. [ccud]

* why are all the Z states observed above threshold ?
(contradicts interpretation as molecules and CUSPs)

* transitions of XYZ states ?
Y — Z, seen at BESIII (Y(4260) — Z(3900) ntt)
Y — X, seen at BESIII (Y(4260) — X(3872) v)
— what about X — Z transistions?

Z near DD threshold 0+ never observed
Z near DD* threshold 1+ Z(3900)
Z near D*D* threshold 04,1+,2+ Z(4020)
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. Rand Search for X 2 Z transitions at PANDA E;En

pp — X (3872) — Z(3730)w
X (3872) — Z(3730)°xY (with L=1),

ange, 0 0
Talk by S.L \093' une 2015 where Z(3730)" decays.to J/vy and xa7
Uppsala,
PWG PP Also, possible charged Z(3730)" candidate, decaying to xa7™,
with subsequent x. — J/vy
. 0 .
Signal MC Z9(3730) Signal
500 invmass
Floating Parameter FinalValue +/- Error E Entries 12790
800— —|— Mean 3.216
bkgFCm  1.0002e-02 +/- 4.60e-03 - RMS 0.1974
400 bkgFTm  1.3554e-01 +/- 6.10e-04 700
- F 8.0647e-01 +/- 1.20e-02 - *
- coren;;; 3.9839:+03 +/- 1.422+02 E cut EY >0.4 GeV
- npeak  3.4620e+03 +/- 1.43e+02 600 cut 36 on 7® mass
300 — *;‘1’ T oSeTer L ake 500 + no best candidate selection yet
B p2  -6.0568e+00 +;— 1.08e+00 - PndKinVtxFitter for J/y
L 3 5.4733e-02 +/- 1.55e-01 -
- §4 8.8017e+01 +/- 1.34e+01 400E (prob_vtx > 0.01)
200 — sigmabkgFC  4.3364e-02 +/- 1.45e-03 - +
K sigmabkgFT  7.9522e-03 +/- 6.31e-04 300—
- - N
= 200 -+
100 - - + N e
L 100 — g 4
I_|]||I |||||||||||||| ||||‘ —lllIllIIIIIllll_T_llllllllllll[—:_lll_T_
0 3 31 32 33 34 35 6 37 38 39 4
00s o1l o1k 02 023 03 035

m(Yy)/GeV C m(fw) / Gev
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A proposal for Z state search

and estimate of X, Y, Z production
rates at PANDA.

> Pp — X(3872) — Z(3730)7

Alexander Blinov, Budker Institute of Nuclear Physics and Novosibirsk
State University, Novosibirsk (Russia);

Martin Galuska, Justus-Liebig-Universitit, Giessen (Germany);
Jens Soren Lange, Justus-Liebig-Universitit, Giessen (Germany);
Elisabetta Prencipe, Forschungszentrum Jiilich (Germany);
James Ritman, Forschungszentrum Jiilich (Germany);

Table 2: Summary of the expected X, Y, and Z production rates per day in PANDA,
assuming different detector luminosity (£/pb~!/day). The calculation is performed by

on behalf of the PANDA charmonium-light exotics group. Lo i . ; - .
multiplying luminosity and cross sections. The cross section upper limits are used in these

calculations.
Abstract
The PANDA detector at FAIR (Facility for Antiprot. dlon R ) Resonance L =8.64 L= 0.864 L= 0.432 Ref.
e etector af acility for Antiproton and Ion Research) in
Darmstadt (Germany) aims to conduct an antiproton-proton experiment with a very > X (3872) 432000 43200 21600 [18]
high rate capability, up to 107 interactions per second. In the past 12 years several Y(4260) 19000 1900 950
unpredicted resonant states were observed. Prominent examples are the so-called Z A (3900)+ 4050 405 202 [1 3]

charged states and their neutral partners, that were first observed at the Belle and
BES III experiments two years ago. Some of them have recently been confirmed by
LHCb. They have risen the interest in searching for further charmonium-like states.
Measurements in pp annihilation are complementary to what has been achieved in
this sector by eTe™ colliders, and running experiments in pp collisions. In this short
report, we present some extrapolations to understand the level of competitiveness of
PANDA, in the first day of data taking, assuming a luminosity £ = 103! cm=2 s~
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Another unique PANDA possibility: pd > Z'p E©=&X

Simulation of non-resonant p d—>1- J/Yy—>p+u-

oV,
T(l\k by A.B\m: dec 2014 Ppbar = 7.05 GeV/c, 1000 events
PW G S \6556 ' C2-015 JIy candidates
Vienna, D€
& Z mass2
200 hjpsim_all hZm2_all
C Entries 1869 C Entries 840
180 Mean 2.257 70— Mean 3.928
- RMS  0.9036 - RMS  0.1984
160 601
140 -
C 50—
120 n
C -
100 -
80 30
60:— -
- 20_—
40— n
- \4- 10
20— B
O:I L JHIIIIJ[||| 8:IlII|I|IIIIIIIlIIIIlIIIIlIlIIlI lIIllIIII
0 35 4 45 5 36 37 38 39 4 41 42 43 44 45
_— J/y with
. track
-> FU”Slm S'I'ar"l'ed splitting
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Another unique PANDA possibility: pd > Z-p E=i

Simulation of non-resonant p d—1- J/y—>u+u-

‘nOV.,
Talk BY A,B\m: Dec 2014 Ppbar = 7.05 GeV/c, 1000 events
PWGS 6\6553(1 ID6C2016 J/y candidates
ienng,
& Vien Zmass2
200 hjpsim_all hZm?_all
Entries 1869 C Entries 840
180 Mean — 2.257 o Mean 3928
RMS  0.9036 - RMS  0.1984

160 60

TT T[T
[ I

140

PID & kinematics:
A suppression of bkgd from pbar n > 3pi in the order of 10-

o | .3 W

Conclusion

A search for p d—>Z¢(3900)—>11- J/WY—>|+I- looks promising in L+

and even more promising in e+e- mode. b o L0 b
J J/p with
. mJy track
-> FullSim started splitting
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 Further channels of interest — many, still in 2025? ==X

what counts for us most, uniqueness!
Cleven et al., arXiv:1505.01771

' Y (4630)
L (a) L (b)
421 46} —=
[ 7.(4020) ; —
>400 T - — > a4t — —
s ’ 7.(3900) ° g | Y (4290)
>~ [ x@3015) >£§7—) --e-- X(3940) ~ -8 _
g 38 g 40l Y (4260
S 384 £ 42 (4260) L
I I Y (4008) -
36} 40} - —
- ot 1+t 1+ o+t ] I 0~ 1=~ 2= 3 0+ 1+ 7+
JPC JPC

* Many more charged and neutral channels predicted than observed
» 67 among 80 ground states still to be discouvered

* Only PANDA has discovery potential for high spin states (angular momentum barrier)
» e.g. predicted J = 3 state
* Observation of complete multiplets needed to solve X,Y,Z puzzle

=>
P A N D A [C.Hahnhart, GSI, May 2015]
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Charmonium-like exotics at PANDA
» uniquely gluon-rich process: ppbar
- high cross section for states with gluonic excitations / exotics
» unique in precise measurement of widths
- sub-MeV range, needed to understand X,Y,Z nature
» unique in discovery potential for high spins:
- no angular momentum barrier (and no restriction spin)

Even topics for Early Physics Beam
» X(3872) energy scan

» Charmonium survey (incl. Zc, Hybrids)

=> Only PANDA will enable to explore

complete multiplets & clarify nature of X,Y,Z

Helmholtz-Institut Mainz
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Manpower situation

» Only 3 full simulation studies focusing on physics "results"
- feasibility studies for scrutiny started to extend to fullSim

» Many more channels to be updated, and also to be started
- new ideas and proposals of course welcome, also active analysts

Future plans to enrich PANDA repertoire of unique PANDA physics:
» Prioritise work on channels, extend coverage of complete physics case
- full simulations with realistic background estimations

- extension to include angular distributions (PWA)
- go for more realistic generators (incl. charm)

» Combine efforts as much as possible (CC, LQM, ,,,)
- data production, knowledge, ...

=> New manpower welcome!

Frank Nerling Report from the Charmonium-like Exotics PWG 03/12/2015
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Charmonium(-like) Spectrum e i
@s+) * Since 2003 charmonium-like
J's, *s, °P, °P, P, P, °D, D, D, D, 77, spectrum found richer as expected
& 50001 T T
> 4750 - -
g . Observation of states that do not fit
= Y(4660) . -
w 4500 v(4415) . theoretical models/predictions
Z "L Y(a320) , Z'(4430)
= 42500 T LT L .
_ Ve oo The case of the X(3872):
4000/ . 4o0s0 ; . 2z > isospin violating, very narrow
X(3940) Z(3930) = 1 . S %
3750 — X(3872) = X{3872) _| » quantum numbers known (1**, LHCb)
. Open charm threshold v(3770) .
nes)ves) . > width unclear
3500 L —— N - nature not yet clear..
3250 Yoo e Established | needed: measurement of width
—a Jl‘\p = wS -
3000 n(18) How States * X,Y,Z states:
2750 | Theory » some need still confirmation
2500 - | I T N » masses poorly known

» statistics poor, nature unclear:
Molecules, tetraquarks, hybrids, ..?
Z,(3900): First order exotic?

e e ST
0F 1T 27 AT 07 1T 3T 27 1 27 77

Frank Nerling Report from the Charmonium-like Exotics PWG 03/12/2015



Summary of “old released PANDA plots and
results” — Meson spectroscopy

The PANDA Charmonium,
Charmonium-like Exotics
and Light Quark Meson
Physics Working Groups

Editors:

E. Fioravanti!', F. Nerling?, and M. Pelizaeus®

1INFN Ferrara
2HIM, GSI Darmstadt
3Ruhr-Universitaet Bochum

November 19, 2015

ﬁ HIM

"Old Released" results T

Chapter 2

Charmonium-like Exotics

In the following sections, we summarise the results obtained from MC simula-
tion studies performed in view of the feasibility of PANDA for spectroscopy of
charmonium-like exotics, like the famous X,Y,Z states.

» Study for spin-exotic charmonium hybrid 7,
- M.Pelizaeus

» Study of X(3872) energy scan
-2 M.Galuska et al.

> Study of Y(4260)
- E.Prencipe et al.

»> Study of Zc(4430) state
2> M.Pelizaeus

Frank Nerling Report from the Charmonium-like Exotics PWG 03/12/2015
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—BEZREE Charmonium-like Exotics at PANDA |

Manpower situation
» Only 3 full simulation studies focusing on physics "results"
- feasibility studies for scrutiny started to extend to fullSim
» Many more channels to be updated, and also to be started
- new ideas and proposals of course welcome, also active analysts
» A recent internal notes on behalf of the PWG
- good discipline in documenting and following new rules

Future plans to enrich PANDA repertoire of unique PANDA physics:
» Prioritise work on channels, extend coverage of complete physics case
- full simulations with realistic background estimations

- extension to include angular distributions (PWA)
- go for more realistic generators (incl. charm)

» Combine efforts as much as possible (CC, LQM, ,,,)
- data production, knowledge, ...

=> New manpower welcome!

Frank Nerling Report from the Charmonium-like Exotics PWG 03/12/2015



Sensitivities Molecule Lineshapes (31 x 2d)

« Extract standard deviation and bias from toy MC fits
* How well can virtual and bound state be distinguished?
* Uncertainty = 05, sy — INtegrate in mismatch region

3 Sensitivity Ef (31 x 2d in HL) ,s. Mismatch probability (31 x 2d)
> 1 ]

< [ . virtual —+— HR mode
EEE

; _6_ ............. ............... m|smatch ..... _ ........... E / 2 ] - HL mode
] BV Aw :
o — . :\ \

P [%]

-6
Efyue [MeV]
01.12. 2015 K. Gotzen - X(3872) scan reloaded



Generated J/ Plots Examples

« Signal pdf like in true reco; background flat
« Scaled bkg efficiency ROl — full window width (x 4)

E = 3871.50 MeV _ E = 3872.00 MeV
3200: © 454
o . o ]
o 1807 ﬂ S 401
81907 @ 35
= J = J
© 140 1 @ ]
O 3 301
1204 :
i 251
100 ]
. 20
804 ]
60 12 I
40.fI 10
20.: shsdunnnnnnnsn 5
O: : 0-
295 3 305 31 315 32 325 295 3 305 31 315 32 325
X X
+ 16.8. + 9.7.
_ —
$=2758 T 167! $=26.17 gy

18.11. 2015 K. Gotzen - X scan reloaded 31



Illustration for Scan
BW, 21 x 2d in HESRr mode

A0nb'/ " = 100keV

£ : Prob 0.372
$ 501

871.34 MeV| q>’ 1 A 16.872 + 2.536
T : . : 2 my -0.125 + 0.017

S
} i Opeam  0.067 £ 0.000
r 0.157 + 0.045

L]
a -0.399 + 0.978

{

4 05 0 'ofsE' 'Eo'[';ﬁivi
. . e
i N times...
' 21x2340/nb - [=100keV - dE=67keV
35 Entries 500
Mean 0.8139
u = 1keV ’l/):':f 0200
A‘ 24.280 = 1.465
P rms = 40 keV oy _soaes =157

20

151

104

5_

negative S allowed to avoid fitting bias

0
18.11. 2015 K. Gotzen - X scan reloaded -500-400-300-200-100 0 100 200 300 4%? \5,?0
Ty [ke
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Our Focus: Charmonium-like Exotics ==

List of channels / charmonia (XYZ states):

Jy+ X, Jy—> ete” /UtU”
*n, +X, n, = KKn?/KK" 7

- with various recoils: X= nrtt, 17 nn, KK

- at different energies: E_ . = 4.5, 5.5 GeV

cms

- and the various detector options (1+5) -

Scenarios proposed:

a) Nominal Set-up: 1,2,3,4,5
b) w/o Barrel EMC: 1,3,4,5
c) w/o FS: 1,2,3,4
d) w/o Disc DIRC: 1,2,3,5
e) w/o Barrel DIRC: 1,24,5

_ f) STT only: 2,3,4,5
Statistics: 1 M signal evts, 1000 M DPM bkgrd evts
Govzen
m\k by k.
Frank Nerling Feasibility studies for XYZ states 11/06/2014



FoM: Significance, S/B, Efficiency

» Time needed to achieve 5c significance = S / sqrt(S+B) (for the excl. pbarp system)

G ‘8 .
Significance (t)= /Lt \/ , € S
GS

'gs'fBR_l'Gb'gb

- Signal to Bkgd O, & for

0, ¢,

S/B=

« Signal Efficiency ¢,

“known” <

| o, = total signal cross-section
o, = total pbarp cross-section
fer = BR factor for given decay
| L = Luminosity

" g, = reconstr. efficiency for signal evts.
g, = reconstr. efficiency for bckgrd evts.

(assumption)

(known: 60mb)

(known)

(known for assumed lumi modes)

(measured from data)
(measured from data)

Frank Nerling

Feasibility studies for XYZ states

11/06/2014
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Proposed FoM: Significance Gl

o, =~10nb, 6, = 60 mb
Example: n, +n " —> KK’ + mnt at 4.5 GeV fBSR= 3.5%,L=2x10%
£,=22.6%, g =2.0x 100

Significance vs. beam time

Z " |-0,=20.00nb| i)

....
''''
-

ot

10 1—0,=10.00nb | ... T TOE S
|— o,=5.00nb | f f

Frank Nerling Feasibility studies for XYZ states 11/06/2014
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Proposed FoM: Significance Gl

6. =~1nb, 6, = 60 mb

Example: n, +n " —> KK’ + mnt at 4.5 GeV fer= 3.5 %, L=2x 10%2

£,=22.6% , g =2.0x10®

Significance vs. beam time

o -
Z12-

10-

|—o,=1.00nb e

-- Gy = 2.00 Nb|-n e — e —— —— —

] — G = 0.50 e e —

Frank Nerling

Feasibility studies for XYZ states 11/06/2014
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Overview & Summary Results FoMs =
6=1nb,E_ .=55GeV
inb L/cms 1,0E+32
detopt Full No FS No Emc Barrel No Disc DIRC No Barrel DIRC STT only Tracking
Fcm mode t[d] S/B  DalQA| t[d] S/B  DalQA| tI[d] S/B  DalQA| t[d] S/B  DalQA| tl[d] S/B  DalQA| tI[d] S/B  DalQA
etac(2Kpi0) 2pi 701 0,000 Vv 748 0001 v | 1259 0001 v | 1176 0000 v | 1979 0,000 v |16402 0,000 Vv
etac(2Kpi0) 2pi0 | 291 0,002 Vv 342 0,005 v | 4928 0,001 v 285 0,002 Vv 273 0,002 v | 1249 0001 v
etac(2Kpi0) 2eta | 118 0,020 v | 893 0,008 v |35472 0001 Vv 82 0025 Vv 243 0008 v | 495 0010 V
etac(2Kpi0) 2K 43 0008 Vv 27 0073 Vv 73 0009 Vv 315 0,003 Vv 148 0004 v 297 0013 Vv
etac(KsKpi) 2pi 88 0011 VvV 45 0043 V 87 0012 VvV 296 0005 Vv 222 0009 v |35452 0,001 vV
etac(KsKpi) 2pi0 37 0026 VvV 91 0023 Vv 198 0,016 x 61 0032 Vv 75 0026 v | 991 0007 vV
etac(Kskpi) 2eta | 133 0,019 v | 1759 0,005 v |14200 0,002 v 171 0017 v 133 0019 v | 878 0002 v
etac(KsKpi) 2K 28 0069 Vv 41 0047 VvV 26 0074 Vv 79 0025 vV 60 0032 v | 878 0002 v
> Ipsi(2e) 2pi 76 026 VvV 14 016 v 10 019 v 78 025 Vv 80 024 v 57 003 Vv
Jpsi(2e) 2pi0 9,2 0,21 v 19 0,10 v 43 0,045 x 9,3 0,21 v 10 0,20 v 24 0,082 v
Upsi(2e) 2eta 38 0057 Vv 146 0,019 v | 188 0,005 x 37 0058 Vv 38 0051 Vv 109 0021 v
Ipsi(2e) 2K 72 027 Vv 10 02 vV 74 026 Vv 72 027 VvV 74 029 Vv 67 0029 Vv
Jpsi(2mu) 2pi 63 031 Vv 10 009 v 75 026 Vv 79 024 VvV 78 028 Vv 50 0039 Vv
Jpsi(2mu) 2pi0 64 030 Vv 16 0,12 x 31 0,063 x 71 027 Vv 72 027 Vv 20 009 Vv
Jpsi(2mu) 2eta 24 0082 VvV 69 0031 v | 732 0009 x 24 0082 VvV 24 0082 VvV 67 0029 VvV
Jpsi(2mu) 2K 51 038 v 6 031 v 55 035 v 53 037 Vv 50 038 v 49 0040 Vv
Time QA (days) S/B QA Dal QA
green < 30 red >= 365 green > 1 red <= 0.1 ok <1.5
Frank Nerling Report from the Charmonium-like Exotics PWG 03/12/2015
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‘ Overview & Summary Results FoMs =
6.=10nb, E_ .=5.5GeV
10nb L/cms 1,0E+32
E cm detopt Full No FS No Emc Barrel No Disc DIRC No Barrel DIRC STT only Tracking
- mode t[d] S/B  DalQA| tl[d] S/B  DalQA| t[d] S/B  DalQA| tl[d] S/B DalQA| tl[d] S/B  DalQA| tl[d] S/B  DalQA
etac(2Kpi0) 2pi 70 0004 Vv 75 0008 Vv 13 0005 v 12 0003 v |2000 0002 v 164 0002 Vv
etac(2Kpi0) 2pi0 | 3,0 0016 Vv 61 0045 Vv 50 0014 Vv 29 0017 Vv 28 0016 Vv 13 0013 Vv
etac(2Kpi0) 2eta | 9,4 020 Vv 286 0078 v | 358 0012 v 79 025 v 79 0082 Vv 20 009 Vv
etac(2Kpi0) 2K 14 0079 Vv 26 073 Vv 25 008 Vv 32 0025 Vv 24 0041 Vv 15 013 v
etac(KsKpi) 2pi 37 011 VvV 45 043 v 41 012 Vv 57 0048 VvV 75 008 v | 35 0006 Vv
etac(Kskpi) 2pi0 | 3,7 026 v 83 023 Vv 12 016 x 61 032 Vv 75 026 v 28 0070 Vv
etac(KsKpi) 2eta 10 019 Vv 37 0053 Vv 145 0,019 Vv 11 017 v |1000 019 v 91 0023 Vv

5 etac(KsKpi) 2K 28 069 VvV 41 047 v 26 074 Vv 77 025 v | 600 032 Vv 91 0023 Vv
Ipsi(2e) 2pi 08 26 v 14 16 v 1,0 19 v 08 25 v 08 24 v 57 034 v
Ipsi(2e) 2pi0 09 21 v 19 10 v 43 044 x 09 21 v 09 20 v 23 082 VvV
Ipsi(2e) 2eta 38 057 Vv 1 019 Vv 40 0,054 x 37 058 Vv 38 051 Vv 91 021 Vv
Ipsi(2e) 2K 07 27 v 10 20 v 07 26 v 07 27 v 07 29 v 67 029 Vv
Jpsi(2mu) 2pi 06 31 v 10 09% v 08 26 v 08 24 v 08 28 v 50 039 Vv
Jpsi(2mu) 2pi0 06 30 v 15 12 x 31 0,63 x 07 27 v 07 27 v 20 099 Vv
Jpsi(2mu) 2eta 23 082 VvV 69 031 VvV 25 0,08 % 23 082 VvV 23 082 VvV 67 029 v
Ipsi(2mu) 2K 05 38 v 06 31 v 05 35 v 05 37 v 05 38 v 49 040 v
Time QA (days) S/B QA Dal QA
green < 30 red >= 365 green > 1 red <= 0.1 ok <1.5

Frank Nerling Report from the Charmonium-like Exotics PWG 03/12/2015
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Overview & Summary Results FoMs G
1nb L/cms 1,0E+30
detopt Full No FS No Emc Barrel No Disc DIRC STT only Tracking
Fem mode t[d] S/B  DalQA| t[d] S/B  DalQA| tI[d] S/B  DalQA| t[d] S/B  DalQA| t[d] S/B  Dal QA
etac(2Kpi0) 2pi 423239 0,0001 v~ |466074 0,0001 v/ | 1E+06 0,0000 v~ |559109 0,0001 v/ | 4E+06 0,0001 Vv
etac(2Kpi0) 2pi0  |229605 0,0002 v~ |[367916 0,0003 v/ | 1E+07 0,0001 v~ |252394 0,0002 v  |[630019 0,0002 Vv
etac(KsKpi) 2pi 4530 0,043 Vv 4295 0,045 vV 7273 0,018 Vv 7349 0026 v | 2E+06 0,001 VvV
as etac(KsKpi) 2pi0 | 5802 0,033 Vv 7349 0,026 v~ | 63539 0,009 x 5421 0,036 v  |189516 0,003 Vv
" |1/psi(2e) 2pi 756 0,26 v 1073 0,20 v 1232 0,16 v 750 0,26 v 3991 0,048 Vv
J/psi(2e) 2pi0 911 0,21 v’ | 2036 0095 x |18151 0,016 X 920 0,21 v’ | 1919 0,10 v
J/psi(2mu) 2pi 783 0,25 v 1018 0,19 v 808 0,24 v 705 0,27 v 3326 0058 Vv
J/psi(2mu) 2pi0 715 0,27 x 1523 0,13 x 6047 0,032 x 795 0,24 x 1523 0,13 v
etac(2Kpi0) 2pi 70136 0,0004 v~ | 74815 0,0008 v  |125854 0,0005 v~ [117629 0,0003 v | 2E+06 0,0002 Vv’
etac(2Kpi0) 2pi0 | 29140 0,002 v/ | 34175 0,005 v  |[492784 0,001 v | 28460 0,002 v 124882 0,001 Vv
etac(KsKpi) 2pi 8840 0,011 VvV 4530 0,043 v/ | 8742 0,012 v [29633 0005 v |4E+06 0,001 VvV
55 etac(KsKpi)2pi0 | 3674 0026 v | 9064 0,023 v |19747 0,016 % 6124 0,032 v/ |99108 0,007 VvV
J/psi(2e) 2pi 756 0,26 v 1367 0,16 v 1003 0,19 v 780 0,25 v 5702 0,034 VvV
J/psi(2e) 2pi0 915 0,21 v 1865 0,10 v’ | 4338 0,045 x 933 0,21 v 2348 0,082 Vv
J/psi(2mu) 2pi 628 0,31 v 1023 0,094 VvV 750 0,26 v 789 0,24 v 4989 0,039 VvV
J/psi(2mu) 2pi0 642 030 v | 1547 0,12 x 3070 0,063 % 705 0,27 v | 1956 0,09 VvV
Time QA (days) S/B QA
green < 30 red >= 365 green > 1 red <=0.1
Frank Nerling Scrutiny Process Activities at GSI 23/05/2014
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Overview & Summary Results FoMs =L
inb L/cms 1,0E+31
detopt Full No FS No Emc Barrel No Disc DIRC STT only Tracking
Fom mode t[dl S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA
etac(2Kpi0) 2pi 42324 00001 v~ |46607 0,0001 v~ |122059 0,0000 v~ |55911 0,0001 v~ |362845 0,0001 Vv’
etac(2Kpi0) 2pi0 | 22961 0,0002 v | 36792 00003 v | 1E+06 00000 v/ | 25239 00002 v |63002 00002 Vv
etac(KsKpi) 2pi 453 0,043 v 430 0,045 v 727 0,018 v 735 0,026 v~ [177361 0,001 v
L5 etac(KsKpi) 2pi0 580 0033 VvV 735 0026 v | 6354 0,009 % 542 003 v |18952 0003 VvV
J/psi(2e) 2pi 76 0,26 v 107 0,20 v 123 0,16 v 75 0,26 v 399 0,048 VvV
J/psi(2e) 2pi0 91 0,21 v 204 0,095 % 1815 0,016 x 92 0,21 v 192 0,10 v
J/psi(2mu) 2pi 78 0,25 v 102 0,19 v 81 0,24 v 71 0,27 v 333 0,058 Vv
J/psi(2mu) 2pi0 72 0,27 x 152 0,13 x 605 0,032 x 80 0,24 x 152 0,13 v
etac(2Kpi0) 2pi 7014 0,0004 Vv 7482 00008 v/ |12585 00005 v | 11763 0,0003 v  |164015 0,0002 Vv’
etac(2Kpi0) 2pi0 2914 0,002 VvV 3417 0,005 v/ |49278 0,000 VvV 2846 0,002 v/ |1248 0,000 VvV
etac(KsKpi) 2pi 84 0011 VvV 453 0,043 VvV 874 0,012 VvV 2963 0,005 v~ 354515 0,000 Vv
55 etac(KsKpi) 2pi0 367 0026 Vv 906 0,023 VvV 1975 0,016 X 612 0032 v/ | 9911 0,007 VvV
J/psi(2e) 2pi 76 0,26 v 137 0,16 v 100 0,19 v 78 0,25 v 570 0,034 VvV
J/psi(2e) 2pi0 92 0,21 v 187 0,10 v 434 0045 x 93 0,21 v 235 0,082 Vv
J/psi(2mu) 2pi 63 0,31 v 102 009 VvV 75 0,26 v 79 0,24 v 499 0039 VvV
J/psi(2mu) 2pi0 64 0,30 v 155 0,12 x 307 0,063 x 71 0,27 v 196 0,099 v
Time QA (days) S/B QA
green < 30 red >= 365 green > 1 red <=0.1

Frank Nerling Scrutiny Process Activities at GSI 23/05/2014
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Overview & Summary Results FoMs ESI
1nb L/cms 1,0E+32
E em detopt Full No FS No Emc Barrel No Disc DIRC STT only Tracking
- mode t[d S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA
etac(2Kpi0) 2pi 4232 0,0001 VvV 4661 0,0001 v~ | 12206 0,0001 Vv 5591 0,0000 v/ |36285 0,0000 Vv
etac(2Kpi0) 2pi0 | 2296 0,0002 v' | 3679 0,0003 v  |141744 0,0000 v/ | 2524 00002 Vv | 6300 00002 Vv
etac(KsKpi) 2pi 45 0043 vV 43 0045 VvV 73 0018 VvV 74 0026 v |17736 0,001 Vv
45 etac(KsKpi) 2pi0 58 0033 VvV 74 0026 VvV 635 0,009 x 54 003 v | 1895 0003 VvV
" |1/psi(2e) 2pi 7,6 0,26 v 10,7 0,20 v 12,3 0,16 v 75 026 v 40 0048 VvV
J/psi(2e) 2pi0 9,1 0,21 v 20,4 0,095 x 182 0,016 x 92 021 v 19,2 0,10 v
J/psi(2mu) 2pi 7,8 0,25 v 10,2 0,19 v 81 0,24 v 71 027 v 33 0058 Vv
J/psi(2mu) 2pi0 72 027 x 152 0,13 x 61 0,032 x 80 024 x 152 0,13 v
etac(2Kpi0) 2pi 701 00004 VvV 748 00008 v | 1259 00005 v | 1176 0,0003 v | 16402 0,0002 VvV
etac(2Kpi0) 2pi0 291 0002 VvV 342 0,005 v | 4928 0,000 vV 285 0,002 v | 1249 0001 VvV
etac(KsKpi) 2pi 8 0011 VvV 45 0043 VvV 87 0012 VvV 296 0005 v |35452 0,001 Vv
55 etac(KsKpi) 2pi0 37 0026 VvV 91 0023 Vv 198 0,016 x 61 0032 VvV 991 0,007 VvV
J/psi(2e) 2pi 7,6 0,26 v 13,7 0,16 v 100 0,19 v 7,8 0,25 v 57 0034 VvV
J/psi(2e) 2pi0 92 021 v 186 0,10 v 43 0,045 X 93 021 v 235 0082 Vv
J/psi(2mu) 2pi 6,3 0,31 v 10,2 0,09 Vv 7,5 0,26 v 7,9 0,24 v 50 0039 VvV
J/psi(2mu) 2pi0 64 0,30 v 155 0,12 x 31 0,063 x 71 027 v 196 009 VvV
Time QA (days) S/B QA
green < 30 red >= 365 green > 1 red <=0.1
Frank Nerling Scrutiny Process Activities at GSI 23/05/2014
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Overview & Summary Results FoMs G
inb L/cms 2,0E+32
detopt Full No FS No Emc Barrel No Disc DIRC STT only Tracking
wem mode t[dl S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA
etac(2Kpi0) 2pi 2116 0,0000 v | 2330 00001 v | 6103 00001 v | 279 0,0000 v |[18142 00001 Vv
etac(2Kpi0) 2pi0 | 1148 0,0002 v (18396 00003 v |70872 00001 v | 1262 00002 v | 3150 00002 <V
etac(KsKpi) 2pi 2,6 0043 vV 21,5 0045 vV 36 0018 VvV 37 0026 v | 868 0001 VvV
as etac(KsKpi) 2pi0 | 29,0 0,033 Vv 37 0026 VvV 318 0,009 x 27,1 0036 Vv 948 0,003 Vv
" |1/psi(2e) 2pi 3,8 0,26 v 54 0,20 v 6,2 0,16 v 38 026 v 200 0048 VvV
J/psi(2e) 2pi0 4,6 0,21 v 10,2 0,095 x 91 0,016 x 4,6 0,21 v 9,6 0,10 v
J/psi(2mu) 2pi 3,9 0,25 v 5,1 0,19 v 40 024 v 35 027 v 166 0058 VvV
J/psi(2mu) 2pi0 36 027 x 76 0,13 x 30 0032 x 40 024 x 76 013 v
etac(2Kpi0) 2pi 351 00004 VvV 374 0,0008 VvV 629 0,0005 Vv 588 0,0003 V' 8201 0,0002 Vv
etac(2Kpi0) 2pi0 146 0,002 VvV 171 0,005 v | 2464 0,000 VvV 142 0,002 VvV 624 0,001 Vv
etac(KsKpi) 2pi 4 0011 VvV 226 0043 VvV 4 0012 VvV 148 0,005 v |[17726 0001 VvV
. etac(KsKpi) 2pi0 | 18,4 0,026 Vv 45 0023 Vv 99 0016 X 31 0032 VvV 49 0,007 VvV
J/psi(2e) 2pi 3,8 0,26 v 6,8 0,16 v 50 0,19 v 39 0,25 v 285 0034 VvV
J/psi(2e) 2pi0 4,6 0,21 v 9,3 0,10 v 21,7 0,045 x 4,7 0,21 v 11,7 0,082 Vv
J/psi(2mu) 2pi 3,1 0,31 v 51 0094 VvV 3,8 0,26 v 3,9 0,24 v 249 0039 VvV
J/psi(2mu) 2pi0 3,2 0,30 v 7,7 0,12 x 154 0,063 X 3,5 0,27 v 98 009 Vv
Time QA (days) S/B QA
green < 30 red >= 365 green > 1 red <=0.1
Frank Nerling Scrutiny Process Activities at GSI 23/05/2014
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Overview & Summary Results FoMs G
10nb L/cms 1,0E+30
E om detopt Full No FS No Emc Barrel No Disc DIRC STT only Tracking
- mode t[d S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA
etac(2Kpi0) 2pi 4237 0001 v | 4666 0001 v |12217 0001 v | 5595 0,001 v  |[36314 0001 Vv
etac(2Kpi0) 2pi0 | 2301 0003 v | 3690 0,003 v/ [141930 0,002 Vv | 2529 0002 Vv | 6313 0002 VvV
etac(KsKpi) 2pi 453 0,43 v 430 0,45 v 525 0,18 v 735 0,26 v’ | 17922 0,012 v
45 etac(KsKpi) 2pi0 580 0,33 v 735 0,26 v 2205 0,088 x 542 0,36 v 2205 0,029 Vv
" )/psi(2e) 2pi 76 2,6 v | 107 20 v | 123 16 v 75 2,6 v | 399 o048 VvV
J/psi(2e) 2pi0 91 2,1 v 204 0,95 x 1174 0,16 x 92 2,1 v 192 1,0 v
J/psi(2mu) 2pi 78 2,5 v 102 1,9 v 81 2,4 v 71 2,7 v 333 0,58 v
J/psi(2mu) 2pi0 72 2,7 x 152 1,3 x 605 0,32 x 80 2,4 x 152 1,3 v
etac(2Kpi0) 2pi 704 0004 VvV 754 0008 v | 1264 0,005 v | 1179 0003 v  |16435 0,002 VvV
etac(2Kpi0) 2pi0 296 0,016 VvV 612 0045 v | 4990 0,014 VvV 289 0,017 VvV 1264 0,013 Vv
etac(KsKpi) 2pi 367 0,11 v 453 0,43 v 408 0,12 v 570 0,048 v [35638 0006 VvV
55 etac(KsKpi) 2pi0 367 0,26 v 827 0,23 v 1225 0,16 x 612 0,32 v 2756 0,070 Vv
J/psi(2e) 2pi 76 2,6 v 137 1,6 v 100 1,9 v 78 2,5 v 570 0,34 v
J/psi(2e) 2pi0 92 2,1 v 187 1,0 v 434 044 x 93 2,1 v 235 0,82 v
J/psi(2mu) 2pi 63 3,1 v 102 0,94 v 75 2,6 v 79 2,4 v 499 0,39 v
J/psi(2mu) 2pi0 64 3,0 v 155 1,2 x 307 0,63 x 71 2,7 v 196 0,99 v
Time QA (days) S/B QA
green < 30 red >= 365 green > 1 red <=0.1
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ﬁ HIM

panda .
Overview & Summary Results FoMs G
10nb L/cms 1,0E+31
E em detopt Full No FS No Emc Barrel No Disc DIRC STT only Tracking

- mode t[d S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA
etac(2Kpi0) 2pi 424 0001 Vv 467 0,001 VvV 1222 0,001 VvV 560 0,001 Vv 3631 0,001 Vv
etac(2Kpi0) 2pi0 230 0003 VvV 369 0,003 v [14193 0,002 VvV 253 0,002 VvV 631 0,002 Vv
etac(KsKpi) 2pi 45 0,43 v 43 0,45 v 53 0,18 v 74 0,26 v 1792 0,01 v
as etac(KsKpi) 2pi0 58 0,33 v 74 0,26 v 221 0,09 x 54 0,36 v 221 0,03 v
" |1/psi(2e) 2pi 7,6 2,6 v 10,7 2,0 v 12,3 1,6 v 7,5 2,6 v 40 0,48 v
J/psi(2e) 2pi0 9,1 2,1 v 204 0,95 x 117 0,16 x 9,2 2,1 v 19,2 1,0 v
J/psi(2mu) 2pi 7,8 2,5 v 102 1,9 v 8,1 2,4 v 7,1 2,7 v 33 0,58 v
J/psi(2mu) 2pi0o 7,2 2,7 x 152 1,3 x 61 0,32 x 8,0 2,4 x 152 1,3 v
etac(2Kpi0) 2pi 70 0004 VvV 75 0008 Vv 126 0,005 Vv 118 0,003 Vv 1644 0,002 Vv
etac(2Kpi0) 2pi0 29,5 0,016 v 61 0,045 v 499 0,014 v 289 0017 VvV 126 0,013 v
etac(KsKpi) 2pi 37 0,11 v 45 0,43 v 41 0,12 v 57 0048 vV 3564 0,006 VvV
55 etac(KsKpi) 2pi0 37 0,26 v 83 0,23 v 123 0,16 x 61 0,32 v 276 0070 Vv
J/psi(2e) 2pi 7,6 2,6 v 13,7 1,6 v 100 1,9 v 7,8 2,5 v 57 0,34 v
J/psi(2e) 2pi0 9,2 2,1 v 18,6 1,0 v 43 0,44 x 9,3 2,1 v 235 0,82 v
J/psi(2mu) 2pi 6,3 3,1 v 10,2 0,94 v 7,5 2,6 v 7,9 2,4 v 50 0,39 v
J/psi(2mu) 2pi0 6,4 3,0 v 15,5 1,2 x 31 0,63 x 7,1 2,7 v 19,6 0,99 v

Time QA (days) S/B QA
green < 30 red >= 365 green > 1 red <=0.1
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ﬁ HIM

panda .
Overview & Summary Results FoMs G
10nb L/cms 1,0E+32
E cm detopt Full No FS No Emc Barrel No Disc DIRC STT only Tracking
- mode t[d S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B Dal QA
etac(2Kpi0) 2pi 42 0001 VvV 47 0001 VvV 122 0,001 VvV 56 0001 VvV 363 0001 VvV
etac(2Kpi0) 2pi0 | 23,0 0,003 Vv 37 0003 Vv | 1419 0002 VvV 253 0002 VvV 63 0,002 VvV
etac(KsKpi) 2pi 4,5 0,43 v 43 0,45 v 5,2 0,18 v 7,3 0,26 v 179 0,01 v
a5 etac(KsKpi) 2pi0 5,8 0,33 v 7,3 0,26 v 22,0 0,09 x 5,4 0,36 v 22,0 0,03 v
" |/psi(2e) 2pi 08 26 v |11 20 v |12 16 v |08 26 Vv | 40 048 ¥V
J/psi(2e) 2pi0 0,9 2,1 v 20 095 x 1,7 0,16 x 0,9 2,1 v 1,9 1,0 v
J/psi(2mu) 2pi 0,8 2,5 v 1,0 1,9 v 0,8 2,4 v 0,7 2,7 v 3,3 0,58 v
J/psi(2mu) 2pi0 0,7 2,7 x 1,5 1,3 x 60 0,32 x 0,8 2,4 x 1,5 1,3 v
etac(2Kpi0) 2pi 70 0004 VvV 75 0008 Vv 126 0,005 Vv 11,8 0,003 Vv 164 0,002 Vv
etac(2Kpi0) 2pi0 30 0,02 v 6,1 0,05 v 50 0,01 v 29 0,02 v 12,6 0,01 v
etac(KsKpi) 2pi 3,7 0,11 v 4,5 0,43 v 4,1 0,12 v 5,7 0,05 v 356 0,01 v
55 etac(KsKpi) 2pi0 3,7 0,26 v 83 0,23 v 12,2 0,16 x 6,1 0,32 v 27,6 0,07 v
J/psi(2e) 2pi 0,8 2,6 v 1,4 1,6 v 1,0 1,9 v 0,8 2,5 v 57 034 v
J/psi(2e) 2pi0 0,9 2,1 v 1,9 1,0 v 4,3 0,44 x 0,9 2,1 v 2,3 0,82 v
J/psi(2mu) 2pi 0,6 3,1 v 1,0 0,94 v 0,8 2,6 v 0,8 2,4 v 5,0 0,39 v
J/psi(2mu) 2pi0 0,6 3,0 v 1,5 1,2 x 3,1 0,63 x 0,7 2,7 v 2,0 0,99 v
Time QA (days) S/B QA
green < 30 red >= 365 green > 1 red <=0.1
Frank Nerling Scrutiny Process Activities at GSI 23/05/2014
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Overview & Summary Results FoMs =L
10nb L/cms 2,0E+32

E am detopt Full No FS No Emc Barrel No Disc DIRC STT only Tracking

- mode t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA| t[d] S/B DalQA
etac(2Kpi0) 2pi 21,2 0001 Vv 233 0001 VvV 61 0,000 VvV 280 0001 VvV 182 0001 VvV
etac(2Kpi0) 2pi0 11,5 0003 VvV 185 0,003 VvV 710 0002 VvV 126 0002 VvV 32 0002 VvV
etac(KsKpi) 2pi 2,3 0,43 v 21 045 v 2,6 0,18 v 37 0,26 v 90 0,01 v
a5 etac(KsKpi) 2pi0 29 033 v 3,7 026 v 11,0 0,09 x 2,7 036 v 11,0 0,03 v
" |)/psi(2e) 2pi 0,4 2,6 v 0,5 2,0 v 0,6 1,6 v 0,4 2,6 v 20 0,48 v
J/psi(2e) 2pi0 0,5 2,1 v 1,0 0,95 x 59 0,16 x 0,5 2,1 v 1,0 1,0 v
J/psi(2mu) 2pi 0,4 2,5 v 0,5 1,9 v 0,4 2,4 v 0,4 2,7 v 1,7 0,58 v
J/psi(2mu) 2pi0 0,4 2,7 x 0,8 1,3 x 30 032 x 0,4 2,4 x 0,8 1,3 v
etac(2Kpi0) 2pi 35 0004 VvV 38 0008 VvV 63 0005 VvV 59 0003 VvV 82 0002 VvV
etac(2Kpi0) 2pi0 1,5 0,02 v 3,1 0,05 v 249 0,01 v 1,4 0,02 v 63 0,01 v
etac(KsKpi) 2pi 1,8 0,11 v 2,3 0,43 v 2,0 0,12 v 2,9 0,05 v 178 0,01 v
55 etac(KsKpi) 2pi0 1,8 0,26 v 4,1 0,23 v 6,1 0,16 x 3,1 0,32 v 13,8 0,07 v
J/psi(2e) 2pi 0,4 2,6 v 0,7 1,6 v 0,5 1,9 v 0,4 2,5 v 2,9 0,34 v
J/psi(2e) 2pi0 0,5 2,1 v 0,9 1,0 v 22 044 x 0,5 2,1 v 1,2 0,82 v
J/psi(2mu) 2pi 0,3 3,1 v 0,5 0,94 v 0,4 2,6 v 0,4 2,4 v 2,5 0,39 v
J/psi(2mu) 2pi0 0,3 3,0 v 0,8 1,2 x 1,5 0,63 x 0,4 2,7 v 1,0 0,99 v

Time QA (days) S/B QA
green < 30 red >= 365 green > 1 red <=0.1
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Search for X = Z transitions at ==*

st RANDA
-Eil\ UPPSG\ >ep : P pen ionsS about Z states

* charged and neutral Z states — same mass ?
[ccuu,ccdd] vs. [ccud]

* why are all the Z states observed above threshold ?
(contradicts interpretation as molecules and CUSPs)

* transitions of XYZ states ?
Y — Z, seen at BESIII (Y(4260) — Z(3900) ntt)
Y — X, seen at BESIII (Y(4260) — X(3872) v)
— what about X — Z transistions?

Z near DD threshold 0+ never observed
Z near DD* threshold 1+ Z(3900)
Z near D*D* threshold 04,1+,2+ Z(4020)
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