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Search for X→ Z Transitions at PANDA
Motivation and Physics Case

Multiple exotic Z states observed in the cc sector
— Including charged, non-cc states, possibly isospin multiplets

Mass values of observed Zc(3885) , Zc(3900) and Zc(4020)
close to the D D∗ and D∗ D∗ thresholds

=⇒ Expect similar resonances for D D system, withmasses close to
M(DD) = 3730GeV/c2 and JP = 0+

— Still unobserved

Observed transitions between Y(4260)→ Z(3900)−π+ and
Y(4260)→ X(3872) γ

Transitions between X and Z states still unobserved
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Search for X→ Z Transitions at PANDA
X→ Zπ Transitions

Search for kinematically allowed but suppressed X ↔ Z
transitions such as X→ Z π (JP = 1+ → 0+0−,∆L = 1)
— Competitive advantage of PANDA over e+ e− experiments
because of much higher X(3872) production rates

Reconstruct Z(3730) from decays to χc1(1P)π , considering
both neutral and charged isospin partners
Use large dataset from the planned PANDA run at√
s = 3.782GeV to study X ↔ Z transitions without dedicated

data run
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Title
Focus on:
— Transitions w/ charged Z: X(3872) → Z(3730)±π∓

— Z(3730) → χc1(1P)π±, χc1 → J/ψγ , J/ψ → `+`−

Goal: quantify potential to perform this study on the
X(3872) line width scan dataset
— B(Z→ χc1(1P)π)

.
= B(X → Zπ)× B(Z → χc1π) is unknown

— Express sensitivity as lowest B(Z→ χc1(1P)π) for which {3, 5}σ
can be obtained within a specified data-taking period

— Study di�erent scenarios varying B(Z→ χc1(1P)π) and other
free parameters of the analysis
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Summary of Analysis Settings

PandaRoot version: release feb17
4 particles in the final state
— `+, `− from J/ψ
— γ from χc1(1P)
— πS from Z(3730)
—Not included in reconstruction: πP from X(3872)

PID criteria
— Best PID
— pidSel = "PidAlgoIdeal{Charged}"

Preselection criteria
— 0.1 < ECM(γ) < 0.6GeV
— pT(`) > 0.4GeV/c
— pT(πS) < 0.5GeV/c
Candidate choice criteria
— If Ncand > 1, choose candidate with minimum
|Mreco, PCA(Z)− MPDG(Z)|
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Decorrelated Mass Observables

Alternative to Mass Constraint Fit to improve mass resolution
while minimizing biasing background in signal region
Build linear combination of components plus constant o�set
from nominal mass to obtain minimal (andmaximal)
correlation, similar to PCA (Principal Components Analysis)
techniques
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Decorrelated Mass Observables
Example: χc1(1P) Mass
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MPCA(χc1(1P)) =
M(γ, `+, `−)− M(`+, `−) + (MPDG(χc1(1P))− MPDG(J/ψ))

p4,PCA(χc1(1P)) = (p3(χc1(1P)),MPCA(χc1(1P)))
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Decorrelated Mass
Reconstructed Z(3730) Candidates
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Constant: 512.946 +/- 6.067
Mean: 3.734 +/- 0.000
Sigma: 0.055 +/- 0.000

2/NDF: 1596.537/96 = 16.631
NormGlobal: 4616.323 +/- 65.402
Mean: 3.720 +/- 0.000
SigmaInner: 0.004 +/- 0.000
NormRelOuter: 0.092 +/- 0.003
SigmaOuter: -0.027 +/- 0.000

2/NDF: 643.930/26 = 24.767

Constant: 512.946 +/- 6.067
Mean: 3.734 +/- 0.000
Sigma: 0.055 +/- 0.000

2/NDF: 1596.537/96 = 16.631
NormGlobal: 4616.323 +/- 65.402
Mean: 3.720 +/- 0.000
SigmaInner: 0.004 +/- 0.000
NormRelOuter: 0.092 +/- 0.003
SigmaOuter: -0.027 +/- 0.000

2/NDF: 643.930/26 = 24.767
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Bkg Studies: DPM

Study of DPM background using entire sample DPM3872
from PANDA centralized production campaign
Features of sample:
— Nsim = 2.5× 108
— Prefilter factor F = Ngen/Nsim:∼ 170

=⇒ Ngen = 4.3× 1010
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Bkg Studies: DPM
Cut Optimization

Consider sig = X(3872) → Z±(3730)π∓ , bkg = DPM
Identify separating variables
Vary 1D cuts in sequence so that figure of merit
(significanceΣ = NS/

√
NS + NB) is maximized

Study permutation of cut sequences:
— Vary order in which cuts are applied
— Measure shi� of optimal cut value depending on cut order,
verifying cut values are stable

— Select combination which maximizesΣ
— Verify that no bias is introduced in signal distributions
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DPM Cut Optimization

Each cut applied independently
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DPM Cut Optimization

Each cut applied independently
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DPM Cut Optimization

Each cut applied independently
E�iciencies relative to preselected samples
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DPM Cut Optimization

Cuts applied cumulatively
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DPM Cut Optimization

Cuts applied cumulatively
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DPM Cut Optimization

Cuts applied cumulatively
E�iciencies relative to preselected samples
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DPM Study
Rate Calculation

Bkg selection e�iciency εB such that (down to) NDPM = 1
events pass selection=⇒ high template uncertainty
Calculate correspondence between size of simulated DPM
sample and beamtime to quantify impact of this uncertainty
on validity of estimates

N = Ltσ =⇒ t =
N
Lσ

UsingLd = 0.864 pb−1 d−1,NDPM = 4.3× 1010, σDPM = 46mb
=⇒ t = 1.08 d

Primary timeframe for this study is 2 days
Large uncertainty on DPM background template
acceptable considering expected event rate

17
L. Bianchi | 2017-09-06



M
itg
lie
d
de
rH
el
m
ho
ltz
-G
em

ei
ns
ch
a�

Bkg Studies: Peaking

Processes that have (at least) a real J/ψ in the final state
σPK � σDPM, but
— Separating power reduced since topology, kinematics closer to
signal

— Can become dominant when evaluating low values of
B(Z→ χc1(1P)π)
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Peaking Bkg
Exploratory Studies

Exploratory study of peaking bkg processes
Processes considered:
pp → J/ψω, J/ψ → `+`−, ω → π+π−π0

— π0 reconstructed as γ
—No separation in J/ψ observables

pp → χc1(1P)π+π−, χc1(1P) → J/ψγ, J/ψ → `+`−

— Closest match to signal topology
— No separation in both χc1(1P) and J/ψ observables
— Dalitz plot studies analyzing χc1(1P) , πP (as missing particle, P̃),
πS
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Peaking Bkg
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Peaking Bkg
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Peaking Bkg
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Peaking Bkg
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Peaking Bkg
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Peaking Bkg
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Peaking Bkg
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Dalitz Studies for pp → χc1(1P)π
+π−
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(EvtGen, layout: chain, ( c) = 0.84 MeV (PDG), tag: cmp, : Muons, dalitz: 13v12)
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Dalitz Studies for pp → χc1(1P)π
+π−
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(EvtGen, layout: chain, ( c) = 0.84 MeV (PDG), tag: cmp, : Muons, dalitz: 13v12)
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Dalitz Studies for pp → χc1(1P)π
+π−
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(Reco., layout: chain, ( c) = 0.84 MeV (PDG), tag: cmp, : Muons, dalitz: 13v12)

No PCA, X Z + , obs: chicpis_m2_vs_chicmiss_m2
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Dalitz Studies for pp → χc1(1P)π
+π−
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1 X Z  Reco Chain: M2( c1, S) vs. M2( c1, P4) Distribution

(Reco., layout: chain, ( c) = 0.84 MeV (PDG), tag: cmp, : Muons, dalitz: 13v12)

No PCA, X c1 + , obs: chicpis_m2_vs_chicmiss_m2
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Dalitz Studies for pp → χc1(1P)π
+π−
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2 X Z  Reco Chain: M2( PCA, S) vs. M2( PCA, PPCA
4 ) Distribution

(Reco., layout: chain, ( c) = 0.84 MeV (PDG), tag: cmp, : Muons, dalitz: 13v12)

Using PCA, X Z + , obs: pcachicpis_m2_vs_pcachicpcamiss_m2
16194 / 17983
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Dalitz Studies for pp → χc1(1P)π
+π−
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3 X Z  Reco Chain: M2( PCA, S) vs. M2( PCA, PPCA
4 ) Distribution

(Reco., layout: chain, ( c) = 0.84 MeV (PDG), tag: cmp, : Muons, dalitz: 13v12)

Using PCA, X c1 + , obs: pcachicpis_m2_vs_pcachicpcamiss_m2
17998 / 22959
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Dalitz Studies for pp → χc1(1P)π
+π−
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Dalitz Studies for pp → χc1(1P)π
+π−
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1 X Z  Reco Chain: M2( PCA, PPCA
4 ) - M2( PCA, S) Distribution

(Reco., layout: chain, ( c) = 0.84 MeV (PDG), Using PCA, tag: diag, : Muons, dalitz: 13v12)
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Peaking Bkg
Determination of Absolute Normalization

Setting appropriate normalization requires knowing both
σ and BR for each process Pi
Assumption #1: since we’re running at

√
s = M(X(3872)),

assume σ(pp → Pi) ≡ σ(pp → X(3872) → Pi)
No BRmeasured for Pi under exam: frommost recent PDG
data,
—Upper limits quoted for X(3872)→ J/ψ ω , X(3872)→ ψ(2S) γ
— X(3872)→ χc1(1P) π+ π− mentioned as "not seen"
Possible assumptions for BRs:
— Treat B(Pi) > x ≡ B(Pi) = x if B(Pi) in PDG
— If B(Pi) "not seen" in PDG, normalize to fixed arbitrary small
amount, or set B(Pi) ≡ B(Z→ χc1(1P)π)
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Summary & Outlook
Cut optimization study on DPM events
—High rejection factor can be reached
— Limited statistics of DPM sample cause large template
uncertainty, but acceptable for our purposes

Exploratory study on peaking bkg processes
— Identification of possible discriminating variables
— Dalitz plot study for pp → χc1(1P)π+π−

First dra� of release note completed

  

48 pages written...

In progress:
Determination of procedure for normalization of all bkg
processes
Final collective bkg studies
Estimate of sensitivity for di�erent scenarios/parameters
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Summary & Outlook

Cut optimization study on DPM events
—High rejection factor can be reached
— Limited statistics of DPM sample cause large template
uncertainty, but acceptable for our purposes

Exploratory study on peaking bkg processes
— Identification of possible discriminating variables
— Dalitz plot study for pp → χc1(1P)π+π−

First dra� of release note completed

In progress:
Determination of procedure for normalization of all bkg
processes
Final collective bkg studies
Estimate of sensitivity for di�erent scenarios/parameters
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