
Energy dependene of total ross setions of
D∗(2010) mesons on HERA oliderNataliia ZakharhukNational University Kyiv-Mohyla Aademy, UkraineDESY ZEUS Group11th Jule 2012, HamburgAbstratThe energy dependene of the total ross setion of D∗±(2010) mesonswith three di�erent proton beam energies: High Energy Range - 920 GeV,Middle Energy Range - 575 GeV, Low Energy Range - 460 GeV in eletronproton ollisions at the HERA is presented in this report. The analysed datawere olleted with ZEUS detetor during 2006-2007 whih orrespond to anintegrated luminosity of LHER = 159.9pb−1, LMER = 7.77pb−1, LLER =

13.18pb−1. Charm prodution events were identi�ed by reonstrution of
D∗ mesons in the D∗(2010) → D0, πs → K, π, πs deay hannel. In therestrited phase spae 20 GeV > pT (D

∗) > 1.9 GeV, |η(D∗)| < 1.6, 130 GeV
< WHER < 285 GeV, 100 GeV< WMER < 235 GeV, 85 GeV< WLER < 205GeV the total ross setion was measured to σHER

total = 31773±616(stat)pb−1,
σMER
total = 26127± 2612(stat)pb−1, σLER

total = 23536± 1923(stat)pb−1 and theobserved energy dependene of total ross setions.
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1 MotivationMain goal of this analysis is measure energy dependene visible of ross setionof D∗(2010) mesons in eletron-proton interation for D∗(2010) → D0, πs → K, π, πsdeay hannel in PHP.This results will be �rst investigation in ZEUS ollaboration and are interest abouttheoretial preditions - FMNAR.2 IntrodutionOn HERA mahine ollided eletrons and positrons, aelerated to an energy of27.5 GeV, with 920 GeV protons (also were periods with two di�erent proton energies460 GeV (Low Energy Run) and 575 Gev (Medium Energy Run)).The ep sattering phase spae is subdivided into two regions: for Q2>1 GeV 2proesses are re�ered as Deep Inelasti Sattering (DIS). Events with Q2<1 GeV 2 arealled Photoprodution (PHP).In analysis onsider photoprodution (PHP) proesses, whih inlude D∗ mesons.In photoprodution proesses at HERA, a quasi - real photon (Q2=0) is emitted bythe inoming eletron or positron, and interats with the proton. There are two typesphotoprodution:- diret proesses, where the photon partiipates as a point-like partile interatingwith the gluon from the photon and giving cc̄ pair.- resolved proesses, where the photon behaves as a soure of partons whih ansatter o� the partons in the proton (see Fig.1.1.)

Figure 2.1: Diagram a) diret proess b)resolved proess2



In limits PHP proess reonstrated suh proesses: e±+p ⇒ γ+g(γ → g+X) ⇒hadronisation ⇒ D∗ → D0, πs → K, π, πs.This deay hannel has essential advantages, despite small probability (2.6±0.5%):- Three daughter partiles in the �nal state give a possibility for better seletion ofevents.- The small di�erenes in mass between ∆M = 145.5 ± 0.6 MeV and M(π±) =

139.6MeV yields a low momentum pion from the D∗ deay and prominent signals justabove the threshold of the ((Kππs) − (Kπ), where the phase spae ontribution ishighly suppressed.- High and narrow peak allows to easily distinguish a bakground.3 D∗ observation3.1 Reonstrution of kinemati variablesOn the initial stage for separating events is to aplly restritions on the kinemativariables. For the reonstrution of kinemati variables in this analysis used Jaquet-Blondel method.He is applied in photoprodution, when the interating eletron is absent or un-deteted being sattered at low angle down into the beam pipe.The event kinematisan also be reonstruted using only the hadroni �nal state variables δhad and pT,had:
δhad = Ehad − pz,had

QJB =
p2T,had
1− yJb

,

yJB =
δhad
2Ee

,

xJB =
QJB

syJB
,

WJB =
√
s · yJB.
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3.2 D∗ meson seletion and reonstrution3.2.1 Data seletionFor the reonstrution D∗ mesons is neessary that the event passed triggers:
• HFL01 triggers - seletion of events Photoprodution;
• HFM01 triggers if D∗ andidate deaying in the hannel D∗(2010) → D0, πs →
K, π, πs.The following seletion for photoprodution events has been applied:

• Eletron energy and probability ut.We require to have no good SINISTRA eletron with probability eletron > 0.9and eletron energy Ee > 5 GeV.
• 130 GeV < WHER < 285 GeV100 GeV < WMER < 235 GeV85 GeV < WLER < 205 GeV,where W is the Jaquet-Blondel estimators.The following the trak uts that are used in the reonstrution of D∗ andidates:
• |η (D∗)| < 1.6 : the kinemati region in the pseudorapidity of D∗, orrespondingto a range of polar angle 23◦ - 157◦
• |η (K, π, πs)| < 1.7 :the kinemati region in the pseudorapidity of daughter par-tiles, orresponding to a range of polar angle 20o - 160◦
• 1.9 GeV < Pt (D

∗) < 20 GeV: the kinemati region in D∗ transverse momenta
• Pt (K, π) > 0.4 GeV: the uts on kaon and pion trak transverse momenta
• Pt (πs) > 0.12 GeV: the uts on pion "slow" trak transverse momenta
• Pt

Et

> 0.12

• 1.83 GeV < M(D0) < 1.90 GeV range for the invariant mass of the pion andkaon of the D0 meson andidate (see Fig.2.1)
• Pt(πs) - orretions (0.1<pt<0.26: 1.+0.548(pt-0.26); pt>0.26: 1)4



Figure 3.1: Distributions of mass M(D0) vs (M(D∗) − M(D0))(8400000 events).Clearly shows the limits for M(D0).3.2.2 Monte Carlo seletionIn this analysis used Pythia inlusive harm in photoprodution Monte Carlo sam-ple for HER. It ontains information about primary onditions of partiles and theirdeay produts. The integrated luminosity is the same to the date. For MER andLER used Pythia inlusive harm in photoprodution Monte Carlo sample with D∗�lter.The following seletion events has been applied:
• Q2<1
• |η(D∗)| < 1.6

• 20 GeV > pT (D
∗) > 1.9 GeVDo not apply restritions on the daughter partiles and look for D∗ andidate. InMonte Carlo they have found. Information about them an be found in MCDSTARblok.3.3 Mass distributionsThe ∆M distributions of hannel D∗(2010) → D0, πs → K, π, πs for di�erentenergies are shown in Figure 2.2. 5



D∗ reonstrution relies entirely on ombining all possible trak on�gurations fromtraks that on�rm to the requirements listed in the previous setion. This proedurereates a large number of meaningless bakground ombinations that arise from ran-dom trak on�gurations that must be aounted for and removed. Combinatorialbakground is signi�ant and aounts for around half of the total andidates in thesignal region.Bakground is estimated by storing D∗ andidates onstruted from wrong hargetrak ombinations orresponding to unphysial partiles and whih have a mathe-matially idential shape to the bakground in the ∆M distributions. To ount thenumber of reonstruted D∗'s the wrong-harge bakground must be subtrated fromthe right-harge andidates.

Figure 3.2: ∆M distribution for D∗ andidates with the orresponding wrong hargedistribution (blue olor) for HER, MER, LER.
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The number of D∗ an be alulated with next formula
N(D∗) = A− B · kwhere k = C/D - oe�ient of normalizationThe error assoiated with this number are alulated as follows:

δ(N) =

√

(A+
1

D2
{BC(B + C +

BC

D
).To alulate the amount of D∗ an be introdue the following notation:

• [A℄ - the number of D∗ mesons in the region δM ∈ [143.5; 147.5] MeV in signal;
• [B℄ - the number of D∗ mesons in the region δM ∈ [143.5; 147.5] MeV in bak-ground;
• [C℄ - the number of D∗ mesons in the region δM ∈ [150; 167] MeV in signal;
• [D℄ - the number ofD∗ mesons in the region δM ∈ [150; 167]MeV in bakground;Figure 2.3 identi�es the signal and bakground regions of ∆M and assigns relevantlabels. The number of D∗'s in the signal region for the right harge ombinationandidates is A and the number in the bakground normalisation region is B. Theorresponding labels for the wrong harge andidates are C and D for the signal andbakground regions respetively.The number of D∗ mesons reonstruted using this method are shown in Table 1.Table 1: Number of D∗ mesonsPeriods N(D∗) DATA N(D∗) MC2006-07p,HER 12850± 212 13783± 1402006-07p,MER 538± 44 417± 232006-07p,LER 948± 58 461± 24In the Figure 2.4 shows that the ombinatorial bakground for the Monte Carlolower in omparison with real data. The number of reonstruted partiles is alulatedin the same way as for real data. 7



Figure 3.3: Illustration of the signal and bakground regions of the left and wrongharge ombinations (right) of D∗ andidates.

Figure 3.4: Distributions of δM(D∗) for MC (HER)4 Comparison CN v06a and v07aComparison CN v06a and v07a are present in this hapter. Mass distribution foreah versions are shown in Figure 3.1 and the number of D∗ mesons are alulated inTable.2. Table 2: Number of D∗ mesonsPeriods N(D∗) v06a N(D∗) v07a06/07p,HER 12850± 212 13513 ±22107p,MER 538± 44 562 ±4607p,LER 948± 58 953 ±61
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Figure 4.1: Distributions of δM(D∗) signals for for di�erent energy.Chek of kinemati variables are shown in the Figure.3.2-3.4.

Figure 4.2: Comparison of distributions η(D∗) and pT (D∗) for HER (red-v07a, yellow-v06a).There are statistis alulated for eah period (see in Table 3).Table 3: Statistis for eah energy.
Ep v07a v06a v06a/v07a di�ereneHER 160824 145941 0,91 9%MER 6989 6221 0,89 11%LER 11850 10580 0.89 11%The distributions are similary. New version Common Ntuple has approximately9



Figure 4.3: Comparison of distributions for η(D∗) and pT (D∗) for MER (red-v07a,yellow-v06a).

Figure 4.4: Comparison of distributions for η(D∗) and pT (D∗) for LER (red-v07a,yellow-v06a).0.5% larger statistis for MER, 4% for LER and 5% for HER. In new version appeareduts for DCA: distane of losest approah of two helies or a helix and a point(inDSTAR bloks).5 Comparison data with MCThe omparison between the data and MC distributions of η(D∗) and pT (D∗) forall proton beam energies are shown in �gure 4.1-4.3.Disrepanies between data and Monte Carlo bigger than statistial error. To solvethis problem we need to apply reweighting.
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Figure 5.1: Control plots for η(D∗) and pT (D∗) for HER (yellow - Monte Carlo).

Figure 5.2: Control plots for η(D∗) and pT (D∗) for MER (yellow - Monte Carlo).

Figure 5.3: Control plots for η(D∗) and pT (D∗) for LER (yellow - Monte Carlo).6 Total ross setionThe visible prodution ross setion in ep ollisions is alulated from the observednumber of D∗ mesons aording to the formula11



σtotal(D
∗) = Ndata

reco (D
∗)

L·Br·α ,where L - the integrated luminosity;
α = NMC

reco(D
∗)

NMC
true(D

∗)
- aeptane;Br = 0.026 - branhing ratio;

Ndata
reco (D

∗) - the number of reonstruted D∗ mesons;
NMC

reco - the number of reonstruted D∗, after passing through the detetor, NMC
true -the number of D∗, whih were formed by the interation (hadron level).Energy dependene of total ross setions are presented in Figure 5.1.

Figure 6.1: Energy dependene of total ross setions vs entre of mass.The total ross setions for all proton beam energies are shown in the Table 3.Table 4: Aeptane and total ross setion.
Ep N(D∗)MCreco N(D∗)MCtrue α σtotal(D

∗), pbLER 461±24 3922 0.117 ±0.006 23536 ±1923MER 417±22 4091 0.102 ±0.005 26127 ±26120HER 13783 ±136 129278 0.107 ±0.001 31773 ±616
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7 New D mesons Monte CarloThe Pythia inlusive harm in photoprodution Monte Carlo sample with D∗ �lterfor middle energy run ( 575 GeV) and low energy run (460 GeV) has a small statistisand same bugs. Therefore was prepared a new samples D mesons Monte Carlo for thisperiods with more statistis (4xDATA).It is harm and beauty Monte Carlo samples for photoprodution:
• the MC-Samples were generated with PYTHIA v6.221 ;
•  and b prodution, full range of Q2;Sample ontains 8 D meson deay modes that inludes all neessary bakgroundsfor D meson relevant analysis. Deay hains(for partiles and antipartiles) for userode seletion:
D∗+ → D0( → K,π),pis with pt > 1.25 GeV

D∗+ → D0(→Ks,π,π),πs with pt > 1.35 GeV
D∗+→ D0(→ K,π,π,π),πs with pt > 2.3 GeV
D0 → K,π with pt > 2.6 GeV
Ds → φ(→K,K),π with pt > 1.7 GeV
D+ → φ(→K,K),π with pt > 1.7 GeV
D+ → K,π,π with pt > 2.8 GeV
Lc → K,π,π with pt > 2.8 GeVThe neessary alulations for eah proess are shown in the Table 6.1, 6.2.

Figure 7.1: Charm prodution.
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Figure 7.2: Beauty prodution.After installing Orange were heked some a variable with MCDSTAR blok (seeFig.6.3,6.4).

Figure 7.3: Distributions for ETAMCDSTAR blok (red - diret proess, blak - re-solved proess).

Figure 7.4: Distributions for PTMCDSTAR blok (red - diret proess, blak - resolvedproess).
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All together it makes 1177035 Events for LER, 1062159 Events for MER. Moreinformation and doumentation at webpage [1℄.8 SummaryIn this analysis was study energy dependene of total ross setion ratio and wean see, that total ross setions inrease with energy.- Aeptane and ratio of ross setion alulated for di�erent energy (HER, MER,LER).- Was ompating kinemati variables for di�erent energies.- The omparison of data with MC showed some disrepanies between data andMonte.Compared new version Common Ntuples v07a with v06a for HER, MER, LER:- the distributions of δ(M) and distributions of kinemati variables pT (D∗), η(D∗)for MER, LER,HER;- alulated the number of D∗ mesons for v06a and v07a;So, the distributions are similary. New version Common Ntuple has a litlle improve.Was preapered a new samples D mesons Monte Carlo for MER and LER with lumi4xDATA. The samples was send to funnel queue.The energy dependene of total ross setion presented in ZEUS ollaboration at�rst.Referenes[1℄ http : //www − zeus.desy.de/ zaknat/DmesonMC/MCphp.html
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A Kinemati distributions for daughter partiles D∗

Figure A.1: Kinemati distributions for daughter partiles D∗ for HER (violet - MC)
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B Control plots for πs

Figure B.1: Control plots for η(πs) and pT (πs) for HER (yellow - Monte Carlo)

Figure B.2: Control plots for η(πs) and pT (πs) for LER (yellow - Monte Carlo)

Figure B.3: Control plots for η(πs) and pT (πs) for MER (yellow - Monte Carlo)
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C Control plots for π

Figure C.1: Control plots for η(π) pT (π) for HER ( - Monte Carlo)

Figure C.2: Control plots for η(π) pT (π) for LER ( - Monte Carlo)

Figure C.3: Control plots for η(π) pT (π) for MER ( - Monte Carlo)

18



D Control plots for K

Figure D.1: Control plots for η(K) pT (K) for HER ( - Monte Carlo)

Figure D.2: Control plots for η(K) pT (K) for LER ( - Monte Carlo)

Figure D.3: Control plots for η(K) pT (K) for MER ( - Monte Carlo)
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E Energy dependene for ratio of total ross setion

Figure E.1: Energy dependene for ratio of total ross setion
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