
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Charm in the proton : an analysis of charm production in deep inelastic
scattering.

Schagen, S.E.S.

Publication date
2004

Link to publication

Citation for published version (APA):
Schagen, S. E. S. (2004). Charm in the proton : an analysis of charm production in deep
inelastic scattering. [, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/charm-in-the-proton--an-analysis-of-charm-production-in-deep-inelastic-scattering(beef9c54-4a18-4fdb-8e9f-be477c7cf661).html


CHAPTERR 4 

Eventt reconstruction and selection 

Thee focus of this chapter will be on the methods and strategies used to select neutral 
currentt DIS events. First an introduction wil l be given on the reconstruction of the 
kinematicc variables of the events. This wil l be followed by a discussion of the event 
selectionn criteria. This chapter ends with a comparison between the selected data 
andd the Monte Carlo simulation results. 

4.1.. Event reconstructio n 

Thee final state of a DIS event contains two distinct objects: the scattered positron 
andd the hadronic system (Fig. 4.1). The hadronic system combines everything that 
iss not attributed to the scattered positron in one single object. There are methods 
availablee that relate the scattered positron (E'e,6e), the hadronic system (£ji,-Pr,h) 
orr a combination of the two to the kinematic variables that characterise the hard 
processs that lay at the basis of a DIS-event. The hadronic system can be further 
brokenn down into the current jet, which is the result of hadronisation of the struck 
quark,, and the proton remnant. 

4.1.1.. The scattere d positro n 

Identificatio n n 

Thee scattered positron which interacted through a photon with a quark in the proton, 
iss experimentally described by its final state energy and the polar scattering angle. 
Thee key detector signature of the scattered positron is an isolated electromagnetic 
energyy deposit in the calorimeter (E » 5 GeV). 
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Incomingg positron (Ec) Scattered positron (E'e,9c) 

Incomingg proton (Ep) Proton remnant 

Figuree 4 .1: A schematic view of a DIS-Event. The initial state is, apart from 
initialinitial  state radiation, completely determined by the HERA-beam parameters. 

Reconstructio n n 

Thee standard ZEUS reconstruction software includes a feed-forward neural network [60] 
calledd SINISTRA. This neural network is fed 54 energy measurements from a cluster 
off  3x3 calorimeter towers with 2 EMC and 1 HAC sections, separated in the indi-
viduall  left and right photomultiplier signals. As the shape of the energy profile is 
alsoo dependent on the angle of incidence with the calorimeter surface, the cosine of 
thee angle of incidence is given to the network as well. This makes a total number of 
555 input variables. The output of the network is a single variable that can be inter-
pretedd as the probability that the given input was caused by a positron. The positron 
candidatee with the highest probability is assumed to be the scattered DIS-positron. 

Thee final state energy E'e is reconstructed using the calorimeter. To improve the 
energyy resolution ZEUS utilises the pre-shower measurement of either the presam-
plerr system or the SRTD. The energy corrections have been obtained by the ZEUS-
inclusivee F2 working group after an extensive analysis of the detector responses [61]. 

Thee scattering angle 9e is determined by combining the position measurement 
att the calorimeter surface with the vertex that is obtained from the track/vertex 
reconstruction.. When the positron enters within the fiducial surface, at least 0.5 cm 
fromm the borders of the SRTD, it is used to determine the impact point. In all other 
casess the calorimeter is used to determine the entry point. 

4.1.2.. The hadronic system 

Thee hadronic final state can be divided in several jets where one jet, typically the most 
energetic,, can be directly associated with the struck quark of the hard interaction. 
Anyy other jet is produced by gluons that are radiated by the struck quark. The 
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Figur ee 4.2: An example of the 
cell-islandcell-island clustering algorithm. The 
squaressquares are calorimeter cells. The filled 
squaressquares are cells that have energy de-
positedposited in them. Island 1 shows a nor-
malmal case of the clustering algorithm. 
TheThe islands 2 and 3 show an example 
ofof two cells that touch each other only 
atat the corner. 

{ { 

^ ^ 
/ / 

V V 
Islandd 1 

. . 

" " 

s s 

\ \ 

J J 
y y 

Islandd 2 ( ( 

K K 

Islandd 3 

ss—\ —\ 

( ( V V 
> > 

J J 

s s 
) ) 
1 1 

analysiss of jets is a topic on its own, and for the analysis of the semileptonic decay of 
charmedd hadrons it is of no principle interest. Here it suffices to look at the hadronic 
finalfinal state in a very course manner, namely by looking at the energy deposited in 
thee calorimeter that has not been attributed to the scattered positron. The hadronic 
finalfinal state is defined in terms of detector observables: 5h, the hadronic E — pz and 
andd the transverse momentum of the hadronic system, PT,h, which are defined as 

N N 

66hh = ^2(Ei-pz,i) 
i = l l 

N N N N 

v\h v\h (5>.o 22 + (X>.«)2 

(4.1) ) 

(4.2) ) 
i = i i i = i i 

wheree the sums run over all the calorimeter clusters that are not associated with the 
scatteredd positron. These two observables can be combined to give another variable, 

22 -51 PT,hPT,h - °h 
coss 7ft = — 

PP22T,hT,h + tl 
(4.3) ) 

whichh is, at leading order, the polar angle of the struck quark. 
Thesee three variables are reconstructed by combining calorimeter cells to form 

cell-islands.. A cell-island is a cluster of neighbouring calorimeter cells with a signal 
ass shown in Fig. 4.2. This is done for the EMC, HAC1 and HAC2 sections separately. 
Thee cell-islands of the different layers are then combined into cone-islands, again with 
aa nearest neighbour algorithm. The position of the cone-island is determined by the 
center-of-gravityy of the energy deposits. 

Thee next step is to combine the cone-islands with tracking information. Only 
trackss that arc fitted to a vertex and have a reasonable transverse momentum, 0.1 
<< PT < 20 GeV, are considered. The distance between the track projection on the 
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calorimeterr surface and the cone-island is used to determine if a track is matched to 
aa cone-island. This results in a list of cone-islands, unmatched tracks and tracks with 
aa matched cone-island. These three objects are all called ZUFOs [62], where ZUFO 
standss for Zeus Unidentified Flow Object. 

Thee last step in the reconstruction of the hadronic system is the backsplash cor-
rection.. The term backsplash is used for a range of effects that cause isolated energy 
depositss away from the 'true' hadronic system [63], which includes 

 Calorimeter backsplash - an effect occuring when a highly energetic particle hits 
thee calorimeter surface. Occasionally this will yield low energy neutral particles 
thatt scatter back from the calorimeter (albedo effect). These particles can pass 
throughh the tracking detector and deposit their energy in another part of the 
calorimeter. . 

 Pre-calorimeter showering - particles always pass some material before they 
reachh the calorimeter. Once in a while this wil l trigger the development of a 
showerr before the calorimeter. 

 Noisy calorimeter cells - noisy cells that are not already identified as such can 
givee a signal coinciding with actual events in the detector. 

Inn general any of these effects is characterised by the fact that it involves low-energy 
depositss in the calorimeter without a matched track and relatively far (in terms of 
polarr angle) from the hadronic system. Backsplash is removed by rejecting those 
low-energyy clusters (E < 3 GeV) that have a large pull on the 7^ of the event and do 
nott have a vertex fitted track associated to them. An exception is made if the cluster 
hass an energy of more than 1.5 GeV and has a timing that is correct for coming from 
thee primary vertex, in which case the cluster is not removed. 

Afterr the clustering, matching and the backsplash correction there is a list with 
ZUFOss that all have an energy and momentum assigned to them. The ZUFOs are 
thenn combined to give the 5 ,̂ p\ h and 7̂  of the event. 

4.1.3.. Kinemati c estimator s 

Al ll  the information of the hard scatter is contained in a combination of any two of 
thee variables Q2, x and y, which are related through Q2 = sxyy where s is the centre 
off  mass energy squared. To relate the measured final state objects, the scattered 
positronn and the hadronic system, to the hard scatter information several methods 
aree available. In figure 4.3 the isolines for the used four observables of the final state 
aree shown. 
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(a)) x (b) 
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Figur ee 4.3: The isolines in the Q2 — x plane of (a) the hadronic angle, (b) the 
hadronichadronic 6, (c) polar angle of the scattered positron and (d) the energy of the scattered 
positron.positron. The diagonal line (from left-bottom to right-top) gives the kinematic limit 
forfor the ZEUS experiment, where y = 1. 
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Jacquet-Blonde ll  metho d 

Thee Jacquet-Blondel method uses only the hadronic system to reconstruct the kine-
maticss of the event. The following set of equations is used: 

VJBVJB = -^r  ̂ (4.4) 

<HB<HB = T^f- (4.5) 
ll  -yjB 

wheree Eê e3im is the energy of the incoming positron beam. The use of this re-
constructionn method is very limited in the case of NC-DIS. A large fraction of the 
hadronicc system, the proton remnant, will escape detection as it goes down the beam-
line,, in the beam-pipe, distorting the p\ ^-measurement. This unavoidably makes 
that,, especially for low Q2, moderate x the resolution of this method is poor. A 
secondd problem is the fact that in the determination of yjs the nominal positron 
beamm energy is used. In the case of initial state (QED) radiation (ISR) events this 
underestimatess the y of the event. For charged current interactions on the other 
hand,, it is the only available method, as in that case the neutrino escapes undetected 
andd thus removes the information of the leptonic part of the interaction. 

Electro nn metho d 

Wheree the Jacquet-Blondel method uses solely the hadronic system, this method 
reliess on the measurement of the scattered positron. The kinematic variables are 
reconstructedd with the following equations: 

V*V*  = 1 - 9 F ^ ( l -cosf le) (4.6) 

QlQl = 2 £ ^e i b e a m( l + cos0e) (4.7) 

Bothh the ye and Q\ are directly dependent on the energy of the scattered positron, 
E'E'ee.. This variable does not have very good discriminative power in the region of 
moderatee x (x — 10- 4 — 10- 2) , as can be seen from Fig. 4.3(d). This is however 
thee region that is of most interest for this analysis. This therefore disqualifies the 
electronn reconstruction method as the algorithm of the kinematic reconstruction. 

Doubl ee angle metho d 

Thee double angle method is a reconstruction method that is based on the angles of 
bothh the hadronic system and the scattered positron [64] 

-- s in f le( l -cos7h) 
VDAVDA - ;—:—2j —, 2TT  ̂ °> 

sm7,ll + sin0e - s i n^ - 0e) 
nn22 _ AF2 s in7 / l( l + cosfle) 
QUAQUA - 4^e,beam̂ j ^~7 —, JT i 4-9) 

sinn 7^ + sin 0e - sin(7/l - 9e) 
Thee principle strength of this method is that there is no dependence on the measure-
mentt of any of the energies. The two observables, 9e and 7 ,̂ used in this method 
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bothh have good discriminative power in the region of interest, which combined will 
alloww for a good reconstruction of the kinematic variables. 

Sigmaa metho d 

Thee sigma method attempts to tackle two of the problems of the Jacquet-Blondel 
reconstructionn method. To accommodate the effect of ISR the <5tot — E — pz of the 
eventt is used instead of the positron beam energy. The second improvement can be 
foundd in the replacement of the hadronic pr with the pT of the scattered positron. 
Withh these enhancements the equations become 

Itee = j p " (4.10) 

QlQl = -TIT (411> 

Thee resolution of the S-method is better than that of the double-angle in the low Q2 

regionn (Q2 < 40GeV2). At intermediate and high Q2 the two are comparable. 

Forr  thi s analysi s 

Thee present analysis uses several of the presented reconstruction methods. The 
Jacquet-Blondell  and electron methods are used to reject certain specific regions of 
phasee space (Sec. 4.3). Because of the better resolution in the low-Q2 region the 
E-methodd is preferred above the double angle algorithm. As a consequence, the kine-
maticc variables for the single and double differential cross sections are reconstructed 
usingg this method. 

4.2.. Event pre-selection with the trigger 

Thee ZEUS data acquisition system uses a three level trigger system. After each step 
thee data volume is reduced and more time is available, allowing for the reconstruction 
off  more (complicated) information on which to base trigger decisions. 

4.2.1.. The first level trigger 
Att the FLT level all components store their data in a 52 step deep pipeline buffer. 
Thee data is moved down the pipeline following the HERA clock-cycle of 96 ns, which 
iss equal to the bunch crossing interval. During these 52x96 ns=4.68 /is component 
triggerr logic must reach a decision and allow the Global First Level Trigger (GFLT) 
too combine all such input into a global trigger flag. This leaves a maximum time 
off  2 jus for the local FLT-systems to process information and another 2 pis for the 
GFLT.. The extra time is needed to ensure proper read out of all the components on 
ann ACCEPT signal. The most important systems at this level are the CAL [65] and 
thee CTD [66]. The SRTD-FLT is used to veto events that have a signal in the SRTD 
butt did not coincide with the beam-crossing time. 
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Att the FLT-stage a neutral current DIS event is identified by tagging the scattered 
positron.. For the analysis presented here, there are four trigger slots at the FLT that 
weree used to select the events. Three of these slots are designed to select events 
wheree the scattered positron enters the rear calorimeter. The first trigger requires an 
isolatedd cluster with the larger part of the energy in the electromagnetic calorimeter 
(ISOe).. This condition is defined as 

ISOee = (EHAC < 0.95 GeVor EHAC/ETOT < 1/3) and EBMC > 2.08 GeV 

wheree the energies are the respective sums of hadronic (HAC), electromagnetic (EMC) 
andd combined parts of the associated isolated cluster. In total there are three trigger 
slotss defined to identify electrons in the RCAL: 

FLT11 - ISOe and ECAL > 0.46 GeV and a signal in the SRTD, 

FLT22 - threshold E§C
M

A  ̂ > 3.75 GeV, 

FLT33 - nominal E%<faA
c
L > 3.4 GeV, 

wheree the labels threshold and nominal denote different calorimeter energy sum 
strategies.. In the case of the nominal energy sum all the towers with E < 464 MeV 
aree set to zero, as well as the inner ring of the towers in the RCAL. The threshold 
energyy sum excludes no towers and is the total sum of measured energy. These com-
binationss of trigger logic select events with positrons in the RCAL with an efficiency 
off  well over 99% for E'e>7 GeV. 

Thee events where the scattered positron ends up in the barrel calorimeter are 
selectedd by 

FLT44 - threshold Eg££L > 4.78 GeV and a track in the CTD FLT 

Thesee four trigger definitions were combined to form two trigger selection bits: 

••  GFLT4 6 =  FLT 1 o r  FLT 2 

••  GFLT4 4 =  FLT 3 o r  FLT 4 

Thee rates for data and Monte Carlo for these trigger bits are shown in Fig. 4.4(a). 

4.2.2.. The secon d level trigge r 

Thee second level trigger is built up of per-component transputer based sub-triggers 
andd a Global Second Level Trigger (GSLT) network. The GSLT decides on the event-
ACCEPTT based on the information passed by the trigger components, like the GFLT. 
Thee most important information for the GSLT is found in global energy sums (£r> 
66 = E — pz), primary vertex information and timing of the event. The output rate 
off  the SLT is capped at 60 Hz. 

Too select the data sample for this analysis no explicit cuts on SLT-bits were made. 
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Tablee 4.1: The data sample split into the years of 
runningrunning and trigger configuration. All luminosities are 
givengiven %npb~l. 

Year r 

1996 6 
1997 7 

combined d 

£DISOI I 

5.7 7 

5.7 7 

£öIS03a a 

2.4 4 
0.6 6 

3.0 0 

^DIS03b/d d 

24.7 7 

24.7 7 

£TOT T 

8.1 1 
24.7 7 

32.8 8 

4.2.3.. The thir d level trigge r 

Att this stage the event is completely reconstructed. The reconstructed primary vertex 
allowss 5 to be determined with better precision, so the event selection can be more 
stringentt than at previous trigger levels. The TLT runs four different electron finder 
algorithms,, among which is the SINISTRA programme. Events are selected as a DIS-
typee event if any of them returns a suitable candidate. Events are selected if they 
satisfyy all of the following criteria: 

 E'e > 4 GeV for any one of the electron finders best candidates 

 5 + 2EL u m i 7 > 30 GeV 
wheree Ez,umi 7 is the measured energy in the photon calorimeter of the lumi-
nosityy monitor. 

 Scattered positron position. 
Duringg the 1996-1997 run period the trigger has been operated with various 
selectionn criteria: 

-- DIS01 :\X\ > 12 cm or | y| > 6 cm 

-- DIS03a : \X\ > 14.5 cm or \Y\ > 14.5 cm 

DIS03b/dd : sjX2 + Y2 > 25 cm 

Thee DIS01 and DIS03 trigger bits are called the low- and medium-Q2 trigger, respec-
tively.. The rate for the DIS01 trigger was too high during high luminosity operation 
andd therefore this trigger was disabled for the larger part of the 1996-1997 running 
period.. The period that it was active has proven to be long enough to do a reasonable 
measurementt in the low-Q2 region. The difference between DIS03b and DIS03d is 
purelyy in the definitions of the used electron finders. 

Thee exact definition of the electron finder algorithms changed four times during 
thee 1996-1997 running period. As the Monte Carlo simulation only incorporates one 
sett of these definitions, a separate simulation package was developed to allow a proper 
treatmentt of data and Monte Carlo for the whole running period [67]. 

Thee contribution of the different years and triggers to this luminosity is given in 
Tab.. 4.1. 
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x104 4 x10* * 
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II .. | 
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Figur ee 4.4: Accepted events for the FLT and TLT trigger bits used in the analysis. 
TheThe points are accepted events from data. The bars give the (luminosity) corrected 
numbersnumbers from the DJANGOH MC-sample. 

4.3.. DIS Selection criteria 

Inn the offline stage the final event selection criteria are applied. These selection cuts 
aree based on the selection of a neutral current DIS sample in favour of backgrounds 
fromm other production processes, which for DIS analyses is exclusively photoproduc-
tionn (PHP). The ratio of signal to background events is optimised by the kinematic 
cutss (5,Q2,y) and further tightening of the selection criteria of the scattered positron 
candidate.. On the event sample that passed the TLT requirements the following, 
additional,, criteria were applied to select the set of events that will  be further used 
forr analysis: 

•• 38 < S < 65 GeV 

Forr a perfectly contained and measured DIS event the 5 should be 55 GeV 
(== 2Eetbeam), which follows from energy and momentum conservation. Parti
cless that escape down the forward beam-pipe have almost identical energy and 
longitudinall momentum, which nullifies their contribution to the overall 6. In 
photoproductionn events the 'scattered' positron escapes down the rear beam-
pipe.. This effectively lowers the measured S for these type of events, as the E'e 

andd pz do not cancel. 

-"vertex -"vertex << 50 cm 

Thee Z of the vertex is restricted to this range to ensure an excellent under
standingg of the acceptances of both the calorimeter and the central tracking 
detector. . 

VELVEL < 0-95 

50 0 
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Sometimess SINISTRA identifies an electromagnetic cluster in the FCAL as the 
mostt probable candidate for the scattered positron. Usually this is due to a 7r°, 
whilee the real scattered positron can be found elsewhere in the detector. As 
thesee fake 'positrons' are produced in a decay, they have an energy that is much 
lowerr than expected for a high Q2 event. Prom Eq. 4.6 it then follows that IJEL 

willl be very high for such misidentified positrons. Rejecting those events that 
havee a \)EL larger then 0.95 removes those events from the final sample. 

•• Combined positron energy and probability cut 
Thee scattered DIS positron is selected by a combination of energy and SINISTRA 

probabilityy requirements. A previous analysis [61] showed that the rejection of 
photoproductionn backgrounds could be improved if an energy-dependent prob
abilityy cut is applied. Therefore the following set of criteria is applied: 

-- 10 > E'e GeV: all rejected 

-- 10 < E'e < 20 GeV: probability > 0.94 + 0.0025^ 

-- 20 < E'e < 30 GeV: probability > 1.17 - 0.0090^ 

-- E'e > 30 GeV: probability > 0.9 

•• Scattered positron position projection on RCAL surface (if on RCAL surface, 
Fig.. 4.5) 

-- DIS01 : \X\ > 13 cm or | r | > 7 cm + excluding 'ears' (see Fig. 4.5) 

-- DIS03a : \X\ > 14.5 cm or \Y\ > 14.5 cm 

DIS03b/dd : y/X2 + Y2 > 25.5 cm 

•• yJB > 0.02 
Thiss cut removes the part of the phase space that is characterised by low total 
hadronicc energy in the calorimeter. This particular part is hard to properly 
reconstructt and is therefore rejected. 

Finally,, events are required to lie in the kinematic domain of interest, defined by: 

•• 2.0 < Q2
DA < 1000 GeV2, 

 0.03 < yDA < 0.70. 

4.4.. Event sampl e 

Withh this set of criteria a data sample of slightly over 2 • 106 NC-DIS events has 
beenn selected. In figure 4.6(a-e) distributions of the reconstructed final state objects 
aree shown. The data (points) are compared to the DJANGOH Monte Carlo sample 
(histogram),, after event selection. The positron final state (E',0e) shows agreement 
(Fig.. 4.6(a,b)). The different cuts on the scattered positron position are immediately 
visiblee in the distance between the positron impact point on the RCAL surface and 
thee nominal beamline (Fig. 4.6(c)). The Monte Carlo has a slightly higher tail in 
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-40 0 L_Lj j II ! 

Beam-pipee hole 

-400 -30 -20 -10 100 20 30 40 

XX (cm) 

Figur ee 4.5: Overview of the three sets 
ofof position cuts that are used to select 
thethe scattered positron 

thee p\ h distribution (Fig. 4.6(e)). The 7^ distribution is however well described by 
thee Monte Carlo (Fig. 4.6(d)). The reconstructed 5 combines both the positron and 
thee hadronic final state in the detector and is shown in Fig. 4.6(e). Figures 4.6(g-i) 
showw the results of the track/vertex reconstruction. For these selected events the 
reconstructedd double angle variables are compared in Fig. 4.7. Overall, data and 
Montee Carlo agree. 

Thiss event sample will be the starting point for the quest for the electrons from 
thee semileptonic decay of charmed mesons. The event samples contain roughly 15 
millionn tracks, which will serve as the haystack in which the electron-needles need to 
bee found. 
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Figur ee 4.6: Comparison between data (points) and Monte Carlo (histogram) for 
somesome selected properties of the positron (a-c), the hadronic final state (e-f) and the 
tracktrack reconstruction (g-i). 
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Figur ee 4.7: Comparison between data and Monte Carlo for the reconstructed dou-
bleble angle variables, after event selection: (a) Q\,A (logarithmic on x-axis), (b) XDA 
(logarithmic(logarithmic on x-axis), (c) \)DA and (d) Wr>A-
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