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Abstract

Neural Network can be designed to reconstruct the mass of resonance par-

ticle with large missing energy. Taking the Higgs particle search through decaying channel
H® - 7177 —euz and H® = WH*W~(ZZ)— llvv at LHC collider (/5=16 TeV) as examples,
neural network correctly reconstructs its mass with right peak position and better width than
conventional method. The network also possesses the capability of suppressing background
events. This kind of neural network can be widely used in new particle search and precise

mass measurement of resonance particle.
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1 Introduction

Recent years Neural Network (NN) has
shown a great power in pattern recognition,
particle identification, track reconstruction,
etc., and is widely successfully used in high en-
ergy physics data analysis(!=5].

In nuclear and particle physics experiment
there are varieties of resonance particles whose
decayed final states have large energy loss car-
ried away by e.g. neutrinoes, so it is usually
very difficult, or even entirely impassible to
reconstruct its mass by conventional method.
Here we studied the application possibility of
NN in mass reconstruction of this kind of res-
onance particle, by taking the Higgs particle
produced at LHC pp collider (/s = 16TeV) as
an example, because Higgs search will be the
most important task of LHC project to reveal
the origin of spontaneously breaking symmetry
mechanism of standard model, if the ming
LEP II will not find this particle.

As standard model can not give a predic-
tion of Higgs mass, if it lies in the intermedi-
ate mass range, i.e. 80GeV< My < 140 GeV,
HY - 7t7~ — eux is a possible decay chan-
nel. Because of the large missing energy car-
ried away by neutrinoes, in order to be able to
reconstruct its mass, the machine can only be
run at low luminosity to avoid the pile-up ef-
fect, in this case since lorentz boosts the final
neutrino pair and charged leptonfrom 7 are
almost at the same direction, so the charged
lepton direction can be taken as the 7’s. From
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the following formula the neutrino pair trans-
verse momentum p7, and py, from each 7 can
be calculated,

P, " ¥r, + P, U, =PT (1
with PF'*® being the total transverse momen-
tum loss of pp collision, @, and @, the unit
transverse momentum vectors of charged lep-
tons, then 7’s energy and final Higgs mass can
be reconstructed. Solution of Eq.1 requires the
acolinearity of i, and @r,, i.e. |cos(¢e — ¢,)]
cut is needed to select Higgs with big trans-
verse momentum; therefore, the event rate is
dramatically decreased*—5!.

In the case of heavy Higgs search (My >
2Mz) one important channel is H® —
W*tW~(ZZ)— Uvv, which has the advantage
of 6 times bigger cross section than H’ —
(ZZ)— Ull. But because W and Z are heavy,
the final escaped neutrinoes are not colinear
with them; therefore, it is entirely impossible to
reconstruct this heavy Higgs mass by conven-
tional method. The event signal can be only
shown by the broad peak of pZ or transverse
mass mr,

m% :2-p%-pr‘f(1—cosA¢%) (2)

where p7. being the total missing energy, A¢y
the azimuth between transverse momentum of
Z and v.

2 Monte Carlo simulation

Data samples of different processes are
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produced by PYTHIAS5.6 generatorl®), EHLQ1
(A=290MeV) structure function is taken. As-
suming that the detector rapidity coverage
range is || < 3 and it can precisely measure
the momentum of e and p track with 100% ef-
ficiency, A 10GeV/c lower limit cut is put on
the transverse momentum of final state charged
lepton tracks. Some other parameters and as-
sumptions are as follows: ‘

Electromagnetic calorimeter: resolution is
taken as o/E = 0.15/vE + 0.01.

Hadron calorimeter: resolution is taken as
o/E =0.5/vVE + 0.02.

Jets: detector coverage in ¢ range of [0,27]
and 7 range of || < 3 is divided into 100
sub-range seperately giving total 10* cells, i.e.
the granularity is A¢ x Anp = 0.062 x 0.06.
Jets are reconstructed by somehow modified
LUCELL algorithm, using all the effective hit
cells of energy deposit larger than 1.5 GeV,
as well as taking the jet cone size as R =
V(A ¢)2+ (A n)2 = 0.5. The reconstructed
jet’s transverse momenta are required to be
larger than 10 GeV/e.

The total missing transverse momentum
of event 2% can be obtained either from all
the reconstructed jets or effective cells.

As for the pile-up effect study, switches
in PYTIIIA are turned on to take account of
low pr + double and single diffractive processes
of total 15 pile-up events, which corresponds to
LHC luminosity £ ~ 1.2x103c¢m 257! of 15ns
mter-bunch spacing.

3 Mass reconstruction

3.1 Network structure and training

For this purpose a three layered NN is de-
signed with 13 input neurons, 15 hidden neu-
rons and only one output neuron to give invari-
ant mass information. With My equally dis-
tributed in the range [50GeV, 220GeV], 33000
H° — 7t7— M.C. events and with My in
the range [200GeV, 750GeV], 15000 H° —
W1TW~(ZZ)— llvv events, are produced as the
training sets, respectively.

Of observable physical variables, 13 are se-
lected as the input of this NN, which are: (1)
Njgt, total number of jets. (2) p}l{, transverse
momentum of first charged lepton. (3) p.lli’iso,
transverse momentum of the jet, to which first
lepton belongs, substracts pil{. (4,5) p}l":, p}f”iso,

the same as above for the second lepton’s. (6)
|¢1, — ¢1,|, the ¢-angle difference of the first
and second lepton track. (7) |m, — m,|, the ra-
pidity difference of the first and second lepton
track. (8) Nurr, the number of effective cells
with deposited energy of more than 1.5 GeV
in it. (9) E°t2l total transverse momentum
of the event. (10) EEM| total transverse elec-
tromagnetic momentum of the event. (11,12)
Emiss E;“iss, the z and y components of miss-
ing transverse energy calculated from recon-
structed jets of the event. (13) E?;fmax, the
largest transverse energy of jet which contains
no lepton track. These observables not only
more or less carry mass information, but also
are able to suppress background evernts contam-
ination. Each of them is properly nomalized
to [0,1]. The target value of output neuron is
designed to be (IlgMpy — 3.91)/1.51 for interme-
diate Higgs, and {lgMy — 5.2)/1.6 for heavy
Higgs, respectively corresponding to the My
range to make it in {0,1].

The back-propagation training algebra is
almost the same as Ref.[10]. The linking
weights W;;’s and threshold 8;’s are initialized
randomly in [-0.1,0.1]. At the very beginning
learning strength 7 and “momentum” parame-
ter o are taken to be 0.07 and 0.5. As the train-
ing goes n is gradually reduced every 10000
loops according to

Nig4+1 = Nk -0.99 (3)

but not less than 0.0001. During training the
error change

o = /< (MEN/MZ) > — < (MEN/MP) >*

| (4)
is watched every 30000 loops, where MgN and
Mg are the NN output and target values of
My respectively, to make sure it goes down all
the way until reaching flat, otherwise to stop it,
this is out of the consideration that in a limited
number of loops ¢ may fluctuate but should
keep decreasing trend for every enough num-
ber of loops. The weights and thresholds are
updated for every 10 loops. After first training
run if the result is not so optimal, the output
weights and thresholds are taken as initial val-
ues to restart next run with newly adjusted 7
and o parameters in order to save CPU time.
3.2 Test and results
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At the testing stage of NN intermedi-
ate Higgs events of My equal 110 GeV and
130 GeV, are seperately fed into the trained
NN input to see how is its performance. Fig.
1 gives the results and comparisons with con-
ventional mass reconstruction method in which
(a, b) for My = 110GeV, (c, d) 130 GeV, (a,
c) without |¢. — ¢,| cut, (b, d) with this cut.
It can be seen that this NN correctly recon-
structs the Higgs invariant mass peak position
and better width. With |¢. — ¢,| < 0.8 cut
the NN result is consistent with that of conven-

tional method except the later has a peak shift
towards low mass end, which can be improved
a bit by using the missing transverse energy
calculated from all the hit cells as mentioned
above. Fig. 2 is the test result by using (a) #1,
(b) WTW~ and (c) Drell-Yan events as input,
which are the backgrounds of H® —7+7r— —
eux. The Z° mass peak is well shown up in
Drell-Yan’s mass spectrum, but no peak in tf
and W*W ™ ones, so it exhibits the background
suppressing ability of this network.
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Fig.1 Intermediate My reconstructed by NN, dotted lines are results by conventional method
(a) My = 110 GeV, no |cos(de — ¢ )| cut; (b) My = 110 GeV, with | cos(pe — ¢,.)| < 0.8 cut; (¢) My =
130GeV, no | cos(pe — )| cut; (d) My = 130 GeV, with |cos(de — ¢p)| < 0.8 cut
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Fig.2 Invariant mass of (a) tf, (b) W*W ™ and (c) Drell-Yan reconstructed by NN of intermediate Higgs
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Fig.3 Heavy My reconstructed by NN, (a) Mu = 300 GeV, (b) My = 400 GeV, (c) Mn = 500 GeV
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The same test procedure is done for heavy
Higgs. Fig. 3 is the results of My = 300 GeV,
400 GeV and 500 GeV without any cuts. It
shows the correct peak position, and their
width reasonably increases as My goes up.
The asymmetries of 300GeV and 500GeV mass
spectra come from asymmetry of training sam-
ple around these two mass points, which is also
reasonable. Fig. 4 shows the test result of
heavy Higgs background events (a) tt and (b)
W+W—, which is consistent with that of Fig.2.

3.3 Mass reconstruction for pile-up
events
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Fig.4 Invariant mass of (a) tf, and (b) WW~
reconstructed by NN of heavy Higgs

4 Conclusion and discussion

Based on M.C. simulation data, this study
demonstrates that NN method can be success-
fully applied to mass reconstruction of reso-
nance particle, even there is large energy loss
in its final state, which has special application
importance in new particle search and precise
mass measurement. In real data analysis the
consistency of data and Monte Carlo have to be
checked carefully. From the deep study of de-
tector responses better physical variables repre-
senting events properties can be chosen to im-
prove the NN performance.

At high luminosity run with existence
of pile-up effect, NN method has particular
significance as higher event rate may make
the Higgs search in intermediate mass range
through H® — 777~ — eux become possible.
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