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1. Introduction

A precise reconstruction of the jet energy is an extremely important task in many experiments
of high energy physics. The previous studies of possibilities to apply for this aim different
physical processes (like "Z%/~ + jet” and others), done in DO, CDF, CMS and ATLAS col-
laborations may be found in [1]-[16].

“Z% + jet” events with one high-P; jet can provide an useful sample to perform in
situ determination of a jet transverse momentum via the transverse momentum of Z © boson
reconstructed from the precisely measured leptonic Z© decay (7% — pFp=,eTe™).

In this paper we limit our consideration to Z® — p+ ™ decay only. The amount of
material in front and inside the muon detector system guarantees absorbing most hadronic
background. Besides, by using the track segments matching between the muon system and
the tracker one can reach a high enough reconstruction efficiency of a muon track with a good
momentum resolution (of order of 0.5 — 1%) [17].

“Z% + jet” events is an useful tool to cross-check a setting an absolute jet energy
scale with help of other processes like v + jet” [12]-[16] and “W" — 2 jets” events 8], for
example.

Here we present results of the analysis of “Z° + jet” events generated by using
PYTHIA 5.7 Monte-Carlo event simulation package [18].

2. Generalities of the “Z% + jei” process
2.1 Leading order picture and sources of P, and P’¢! imbalance

In this section we observe briefly the main effects that lead to the imbalance between ;% and
Pt
The process of Z® + jet production

pp— 2% + 1jet + X (H
is caused at the parton level by two subprocesses: Compton-like scattering
g9 q+2° (2a)
and the annihilation process
aq— g+ Z° (2b)

If the initial state radiation (ISR) is absent, the total transverse momentum of the final
state in the subprocesses (2a) or (2b) is equal to zero, i.e. the P; balance equation for Z9 and

final parton would look as
— Z+part 7 — part

P, =B +F =0. (3)

Thus, having neglected hadronization effect we could expect that a jet transverse momentum
o ) — jet 7
P/t is close enough to Z° boson transverse momentum, i.e. P, =~ —F

A radiation of a gluon in the initial state with a non-zero transverse momentum pgluon =

P,’SR £ 0 can produce a imbalance between P,% and P;*"* and, thus, between transverse
momenta of Z% boson and the jet originated from this proton. The corresponding next-to-
teading order diagrams are shown in Fig. 2. Some leading order Feynman diagrams of these
processes are shown in Fig. 1.
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Fig. I: Some leading order Feynman diagrams for Z° production.

Following [12], we choose the sum of the modulus of the transverse momentum vectors

=5 =6
P,” and P, of the incoming (into 2 — 2 fundamental QCD subprocesses 5 + 6 — 7+ 8)
partons (lines 5 and 6 in Fig. 2): _ 5 6
Pt06:|Pgl+|Pg| (4)
as a quantitative measure to estimate the P; imbalance caused by ISR.

The numerical notations in the Feynman diagrams shown in Figs. 1 and 2 and in for-
mula (4) are chosen to be in correspondence with those used in the PYTHIA event listing for
description of the parton—parton subprocess.
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Fig. 2: Some Feynman diagrams of Z0 production including gluon radiation in the initial state.

Let us consider fundamental subprocesses in which there is no initial state radiation
but instead final state radiation (FSR) takes place. Some Feynman diagrams of the signal
subprocesses with the FSR are shown in Fig. 3. An appearance of a gluon in the final state may
also cause a imbalance between transverse momenta of Z% and jet. But because it manifests
itself as some extra jets or clusters, like in the case of ISR, the same selection criteria (see
below) as for suppression of ISR can be used.
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Fig. 3: Some of Feynman diagrams of Z9 production including gluon radiation in the final state.

A possible non-zero value of the intrinsic transverse momentum of a parton inside a
colliding proton (k1) may be another source of the P;% and P,P*"* imbalance in the final state.
Its reasonable value is supposed to lead to the value of k7 < 1.0 GeV/c. Below we shall keep
the value of k7 to be fixed by the PYTHIA detault value (k) = 0.44 GeV//c. The dependence
of the imbalance between P,Z and Pﬂet on a possible variation of k7 is discussed in detail
in [16, 21]. The general conclusion is that the variation of k7 within reasonable boundaries
does not produce a large effect when the initial state radiation is taken into account. The latter
makes a dominant contribution.

Another non-perturbative effect that results in the PtZ and Ptjet imbalance is an
hadronization of the parton, produced in the fundamental 2 — 2 subprocess, into a jet. The
contribution of the hadronization to this imbalance is calculated within the Lund string frag-
mentation scheme used by default in PYTHIA. The mean values of the relative p,let — ppant
imbalance are presented in Appendix to {22] for three different jetfinders, UAT, UA2 and LU-
CELL, as a function of the variable which limit a cluster activity beyond the “Z 04 jet” system
(see Section 2.2 and [14]).
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2.2 Definition of selection cuts

1. We shall select the events with Z° boson ! and one jet with
P? >40GeV/c and P/ > 30 Gel'/c. 5

For most of our applications the jet is defined according to the PYTHIA jetfinding
algorithm LUCELL. The jet cone radius R in the 7 — ¢ space counted from the Jet initiator cell
(ic) is taken to be R; = ((An)? + (A¢)2)1/2 = 0.7.

2. To guarantee a clear identification of a muon track from Z © decay in the muon and tracker
systems and determination of its parameters we put the following restrictions on muons 2:
(a) on the P; value of any considered muon:

P* > 10GeV/c; (6)
(b) on the P; value of the most energetic muon in a pair:
Pfﬁmz Z Ptg'UT (7

(Pifyr 2> 20 GeV/c and depends on the energy scale; see Fig. 6 of Section 3.2):
(c) on the value of the ratio of Ptiwl, i.e. the scalar sum of P, of all particles surround-
ing a muon, to P¢* (PtiSOI/Pt“) in the cone of radius R = 0.3 and on the value of maximal P,
of a charged particle surrounding a muon in this cone:
BPPHE <010, P <2Gel /e (8)

The isolated high- P tracks can be reconstructed with a good efficiency (at least 98% over all
pseudorapidity region || < 2.4; see [17]) and with generation of a low number of fake and
ghost tracks.

3. A muon is selected in the acceptance region of the muon system:
| < 2.4. ©

4. To select muon pairs only from the Z® decay we limit the value of invariant mass of a muon
pair M1 by:

|37 — pfl

mny

| <5Gel/c. (10)

. = jet . Lz
5. We select the events with the vector P, being “back-to-back™ to the vector B~ (in the
plane transverse to the beam line) within A¢ defined by the equation:

¢(Z.jet) = ISOOiA@ (11)

"Here and below in the paper speaking about Z° boson we imply a signal reconstructed from the muon pair with
muons selected by the criteria 2 — 4 of this section.
2Most of the muon selection cuts are taken from [17, 19].
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where ¢ z ;¢¢) is the angle between vectors P~ and P,}E B P(,Je = B/’Pﬂdcos(@'(zyjet)),
. ~Z . = jet - .

with B?Z = 1B, B¢t = fPtJe |. The angle A¢ defined in the interval 5 = 15° is the most
effective choice.
6. The initial and final state radiations (ISR and FSR) manifest themselves most clearly as
some final state mini-jets or clusters activity (see the previous section and {12]-{16]). To sup-
press it, we impose a new cut condition that was not formulated in an evident form in previous
experiments: we choose the “Z° -+ jet” events that do not have any other jet-like or cluster
high P; activity by taking values of P, “*“! (with the cluster cone of Rerust(n, ¢) = 0.7), being

smaller than some threshold P;&1%% value, i.e. we select the events with

Pt < B (12)

7. We limit the value of the modulus of the vector sum of 15; of all particles that do not belong
tothe “Z% + jet” system but fit into the region |n7| <5 covered by the calorimeter system, i.e.,
we limit the signal in the cells “beyond the jet and Z 0% regions by the following cut:

Y. B|=PR <Py, (<5 (13)
iZjet, Z0

The importance of P& and P, for selection of events with a good balance of P,# and

P! was already shown in [12] - [16] and in [21].

The set of selection cuts I — 7 we call below as “Selection 1.
8. By analogy with [12] — [16] and [21] we use a “jet isolation” requirement (introduced for
the first time in [12]), i.e. the presence of a “clean enough” (in the sense of limited P, activity)
region inside the ring of AR = 0.3 around the jet. Following this picture, we restrict the ratio
of the scalar sum of transverse momenta of particles belonging to this ring, i.e.

PTOIRt = @ where P = YR (14)
i€0.7T<R<1

with ¢/¢! < 3 — 8% (see Sections 6 and 7).

The set of cuts that | — 8 will be called “Selection 2”.

9. As we have shown in [12, 21] one can expect reasonable results of modeling the jet energy
calibration procedure and subsequent practical realization only if one uses a set of selected
events with small missing transverse momentum P, ™% We define it here as a Py vector sum
of all the particles flying mostly in the direction of the non-instrumented region |5 > 5.0 and
neutrinos with |n| < 5.0:

—~ miss

= |n1>5.0 —
=AY By, (15)

i€lnl<5.0

5 P> . . g .
Here P, is the total transverse momentum of non-observable particles 7 flying in the direc-
tion of the non-instrumented forward part of the CMS detector ( {n]>5):

S A=p" (16)
i€|np>6

So, we shall use the following cut on P,™*:
Pt < PEEL (n

4



The exact values of the cut parameters Pif. .., /¢, BEEL, P2 will be specified

below, since they may be different, for instance, for various P,Z intervals.

2.3 The P;-balance equation of “Z° + jet” event.

The conservation law for “Z° + jet” events as a whole can be written in the following vector
form [12, 21]: Lz et -0 . 5
B+ B+ B+ B 2y, (18)

= In]>5 =0

PLMD is defined in (16) and P, is a total transverse momentum of all other (O) particles
besides “jet particles and muons from Z° decay” ( “Z° + jet” system) in the || < 5 region
and defined as:

— out

-0 - O - O
Pf :Pf +Pf(u)+Pt(u,|nP|>2.4)' (19)

In its turn, ﬁ,om is a sum of clusters P, (with P,°“** smaller than Py and P, of single

hadrons (h), photons (v) and electrons (e) with 7| <5 and muons (u) with |57#] < 2.4 that are
p

out of the “Z% + jet” system:

= out — clust = sing — nondir

- ) _
P =h + FPeny + P + Py + P gy In1<5. (20)
The last two terms in equation (19) are the transverse momentum carried out by the neutrinos
S0
that do not belong to the jet but that are contained in the |7 < 5 region (F,) and non-
O
detectable muons flying with [n#]>2.4 (Friune52.4))
To conclude this section, let us rewrite the basic vector P;-balance equation in the fol-
lowing scalar form, more suitable to present the final results:
P zZ _ Pjet 5
‘—P—Z*—:(1-com¢>)+Pt(0+n>5)/P/, 2n
t

s B I
where P,(O+7 > 5) = (B.° + B/

that enters equation (11).

) - et with Adet = EJEt/Pt“" and A¢ is the angle

As will be shown in Section 4, the first term on the right-hand side of equation (21) is
negligibly small and tends to decrease fast with growing P,7*. So, the main contribution to the
P, imbalance in the “Z° + jet” system is caused by the term P{(O+n > 3)/P% 112116,
[21].

3. Event rates for different PtZ and nZ intervals.

3.1 Dependence of the distribution of the number of events on the ”back-to-back” angle
&z, jery and on P/SR.

Here we study the spectrum of the variable P;56 for the sample of signal cvents *. For this
aim four samples of “Z° + jet” events (each by 5 - 10%) were generated by using PYTHIA
with subprocesses (2a) and (2b) and with minimal P; of hard scattering * 2 — 2 P =
20,35,50,75 GeV'/c to cover four P,Z intervals: 40-50, 70-85, 100-120, 150-200 Gel'/c,
respectively. The obtained cross sections for these subprocesses are given in Table 1.

3Pi56 is approximately proportional to B/5 R up 1o the value of intrinsic parton transverse momentum kr inside
a proton ({kr ) was taken to be fixed at the PYTHIA default value, i.c. (kr) = 0.44 GeV/c).
4CKIN(3) parameter in PYTHIA {?]



Table I: The cross sections (in microbarns) of the gg — g + Z° and gg — g + ZP subprocesses for four P

values.

Subprocess P values (GeV/c)
type 20 [ 35 [ 50 | 75
99 =g+ Z° [ 3831077 | 17110 ¢ | 9.14-10-° | 3.80-10-5 |
qq—=g+2° || 1.2010~% [ 042107 [ 1.93-10 ° | 0.69-10°3
Total 5.03107% | 2131077 [ 1.11-.10°7 | 459.10-3

For our analysis we used cuts (5) — (13) and the following cut parameters:
Pilhae >20GeV/e, Ap<15°, P =30 GeV/e. (22)

max

In Tables 2, 3 and 5, 6 we study (as in [12]) P,56 spectra for two most illustrative cases
of A7 intervals 40 < P;% < 50 GeV//c (Tables 2 and 5) and 100 < P,% < 120 GeV/e
(Tables 3 and 6). The distributions of the number of events for the integrated luminosity
Line = 10 f67 ! in different P,56 intervals and for different “back-to-back” angle intervals
Gz jery = 180° £ Ag (with Ag = 15°, 10° and 5° as well as without any restriction on
Ag, ie. for the whole ¢ interval Ag = 180°) are given there. The LUCELL jetfinder was
used to find jets and clusters. Tables 2 and 3 correspond to the events selected with cuts
Pt < 30 Gel'/c and without any limit on P,°* value, while Tables 5 and 6 correspond to
more restrictive selection cuts P;“**' <10 GelV'/c and P°* < 10 GeV/e.

Firstly, from the last summary lines of Tables 2, 3 and 5, 6 we can make a general
conclusion about the A¢ dependence of the event spectrum. In the case when no restriction is
used we can see that for the 40 < P,? < 50 GeV/c (Table 2) interval about 65% of events
are concentrated in the A¢ < 15° range, while 30% of events are in the Ag < 5° range. At the
same time the analogous summary line of Table 3 shows us that for 100 < PZ <120 Gel/c
the event spectrum moves noticeably to the small A¢ region: more than 94% of events have
Ap < 15° and 56% of them have A¢ < 5°.

We observe a tendency of the distributions of the number of signal “Z% 4+ jet” events
to be concentrated in a rather narrow back-to-back angle interval Agp<15° with P,? growing.
It becomes more distinct with a more restrictive cuts P24, = 10 GeV/c and P24, =
10 Gel/c (Tables 5 and 6). From the last summary line of Table 5 we see for these cuts that in
the case of 40 < PZ < 50 GeV'/c more than 96% of the events have A¢ < 15°, while 60%
of them are in the A¢ < 5° range. For 100 < P, < 120 GeV'/c (see Table 6) more than 92%
of the events, subject to these cuts, have A¢ < 5°. It means that while suppressing Py activity
beyond the “Z° + jet” system by imposing P&t = 10 Gel'/c and Pty =10 Gel/e
we can select the sample of events with a clean back-to-back (A¢ < 15 °) topology of 13,[ and
f’tm orientation °.

The other lines of Tables 2, 3 and 5, 6 contain the information about the P56 spectrum
(or, up to kr effect, P,ISR spectrum).

From the comparison of Table 2 with Table 5 (as well as from Tables 3 and 6) one
can conclude that the width of the most populated part of the P,56 (or PSR spectrum is
noticeably reduced with restricting Pthth and P2 .

SAnincrease in P Z produces the same effect, as is seen from Tables 3 and 5, and is demonstrated in more detail
in Section 4 and [22].



Table 2: Number of events dependence on F56 and Ag for 40 < PZ <50 Gel'/c
and PSSt = 30 GeV/e for Lins=10 foT.

P56 Abmar ]
(GeV/e) 180° [ 1588 107 T |
0-5 18525 16965 15880 12708

- 10 29094 26671 23419 13579
10-15 24192 19935 14042 7033
15-20 18168 10910 7088 34381
20-25 13424 5833 3924 1568
25-30 10169 3604 2380 1172
30-40 14070 4114 2677 1311
40 - 50 7544 1833 1184 618
50 - 100 5904 1727 1697 550

100 - 300 8 3 2 0
300 - 500 0 0 0 0
30 - 500 141095 91594 71694 | 42423

Table 3: Number of events dependence on B 56 and A for 100 < PZ <120 GeV/e
and Pr8Est = 30 GeV/c for Liny=10 fb~T.

P56 Adrmar ]
(GeV'/c) 180° f 15° ] 10° ] 5° ]
0-5 1849 1837 1790 1616
5-10 3798 3770 3667 3247
1015 3635 3600 3477 2542
15-20 3065 3025 2847 1592
20-25 2491 2424 1976 986
25-30 2115 2000 1418 709
30 -40 2507 2039 1398 721
40 - 50 1061 744 527 289
50 - 100 1105 768 582 325
100 - 300 194 147 107 63
300 - 500 2 2 I 0
0- 500 21826 20356 17797 IZ%
Table 4: Number of events dependence on A¢ and on B < for Ly =10 fo— 1.
P,gf"s = 30 GeV /c(\ummary)
Pt [ A¢ma1‘

(GeV/e) || 180° 1 "15° T 100 | 5 |
40 - 50 141095 91591 71694 42423

70 - 80 40032 32551 26710 16794
100 - 120 2182 20356 17797 12094
150 - 200 8649 8558 8134 6182 |




Table 5: Number of events dependence on F;56 and A¢ for 40 < P2 < 50 GeV/c

and Pi&¥st = 10 GeV/cand P24, = 10 GeV/c for Lin =10 fb7".

P.56 Admaz
(GeV/e) 8° | 13 [ 10° | 5
0-5 11619 11603 11409 9603
5-10 15329 15258 14288 8767
0-15 6787 6479 5156 2768
15-20 1810 1533 1204 645
20-25 677 527 432 253
25-30 305 238 195 119
30-40 277 22 193 111
40-350 127 11 Bl 4
50 - 100 36 32 24 12
100 - 300 0 0 0 0
300 - 500 0 0 0 0
0-500 36967 35996 32987 | 22315

Table 6: Numbcr of events dependence on F56 and A¢ for 100 < PZ< 120 GeV/c
and Ptfj}jsT 10 GeV/cand PrQ3ip = 10 GeV/e for Line=10fb"1

Pt56 Afbmaz

(GeV/e) 1’0" | 1 ] 100 | &
0-5 1133 1133 1133 1121
5-10 1932 1932 1932 1877
-15 1002 1002 1002 867
15-20 309 309 309 234
20-25 95 95 91 63
25-30 49 49 45 33
30-40 48 44 40 32
40-50 27 25 25 25
50 - 100 44 44 44 40
100 - 300 5 S 5 5
300 - 500 0 0 0 0
0-500 4641 4637 4621 4293

Table 7: Number of events dependence on A¢ and on K Z for Lins = 10 fom .
Plust =10 GeV/cand P22t = 10 Ge\//c (summary).

cUT T
Pt Ad)max
(GeV/c) ®° | 15° | 10° | 5
40~ 50 36967 35996 32987 22315
70 - 80 8688 8657 8542 7033
100 - 120 4641 4637 4621 4293
150 - 200 1746 1746 1742 1719




P,Z intervals and contain analogous numbers of events that can be collected in different A¢
intervals for Ptzv}ffq‘ﬂ, Pt%“,fT and other cuts, defined by (22), at L,n; = 10 fo7 1.

We can conclude from Tables 2-7 that restriction on the P; &% and P, 8¢, variables

are good tools to reduce ISR while by limiting A¢ angle the ISR remains, in fact, without
a change. Meanwhile, in spite of about twofold spectra reducuon of the ISR (or P;56), see
Tables 4 and 7, it continues to be noticeable at the LHC energies ¢

32 P/Z,n% and P,* dependence of rates

@2 | Bl
In Table 8 we present the number of events & . Ly=101b
calculated after passing selection cuts (5)~(13) § 10 ?}f’ic’evm\
for different P,% and 7% intervals (lines and F s
- 70<P, <80 GeVic

columns of the table, respectively). The last
column of this table contains the total number 10’
of events (at Lmt =10 b7 at |p?] < 5.0
for a given P,Z interval. We see that the num-
ber of events decreases fast with growing PZ 2
(but it decreases much slower as compared
with decrease in P;” spectrum in the case of
“v 4 jet” events, see [12]). It also drops with

100<P?<120 GeVic

T

T

[T RSN SRS FURE RN R NEw |

: N Zi
growing [n?]| starting from |7“| ~ 2.0 and T I B TS SR Y-
has weak dependence on 7% in the interval fnl
|7)Z‘ < 2.0. The analogous information is Fig. 5: n-dependence of rates for different

. . . P:% intervals.
illustrated by Fig. 5 for three P;” intervals 7 '

z v4
40 < Py < 50 GeV/c 100 < Py < 120 GeV/c
o2 - <Pt{_min> = 30.2 o2 .- “Pt_min> = 346
c.18f i <Pt_max> = 56.7 ongk 1 <Pt_max> = 95.9
0.16:— . i 0.16:— E :--
014 H c1af 1t
o.12f- oz P
cif P :
o.08f o.08f
.06 o.06F 7~
o r-e | :
0.0afF : o.0af:
o.02F |} 0.02fF:
T ol s = S L I B T
% 10 20 30 40 50 60 70 80 ® 20 40 60 80 100 120 140
Pt (GeV/c) Pt* (GeV/c)

Fig. 6: A normalized distributions of the number of events over i of muons from Z9 decay: for a muon with maximal

P (full line) and for a muon with minimal F; (dashed line) in the pair.

In Fig. 6 we have plotted a normalized dlstrlbutlons of the number of events over P, of
muons from Z9 decay for two Pt intervals: 40 < Pt <50 and 100 < Pt <120 GeV/c. The

6The analogous conclusion was done by studying “y + jet” events in {12].
7We have limited Z° pseudorapidity spectrum from above in Fig. 5 and Table 8 only to give understanding about
its behavior inside this 7% interval and, certainly, have not used those limits as cuts anywhere in this paper.
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muon spectra are limited by the condition (6) P# > 10 GeV/c. We also see that the spectra
with muons having maximal P; in the pair starts at 20 GeV/c for 40 < P,% <50 GeV/cand at
50 GeV/c for 100 < P,% <120 GeV/c. It explains our choice in (6) for Pt . restriction.

Table 8: The number of events for L;ps = 10 b~ for different intervals of P2 and r;Z (Pg”cll'jsTt = 10GeV/e,
P24, =10 GeV/cand Ag < 15°).

PZ |An”“] intervals all |p”|
(GeV/c) [ 0005 [ 0510 | 1.0-15 [ 1.52.0 [ 2025 [ 23-50 | 00-50
40 - 50 4594 5425 6673 7267 6732 4796 35486
50 -60 3128 3509 4297 4570 3976 2000 21471
60 -70 2253 2443 2855 2934 2229 851 13567
70-80 1580 1734 1948 1786 1307 34] 8692
80 -90 1152 1148 1267 1236 824 170 5790
90 -100 741 859 812 808 523 59 3802
100-110 582 590 594 546 305 36 2657
110-120 384 428 451 412 226 8 1905
120 -140 523 582 562 531 293 12 2503
140 -170 392 380 368 341 190 4 1675
170 -200 170 186 162 170 63 2 756
200 -240 111 103 99 91 40 0 444
240 -300 71 51 44 48 20 0 238

3.3 FEstimation of “Z° + jet” event rates for the Barrel, Endcap and Forward regions

Since a jet is a wide-spread object, we present the ni¢t dependence of rates (for different
Ptz intervals) in a different way. Namely, Tables 9 and 10 include the rates of events (at
Line = 10 fb=1) for different 7/¢¢ intervals, covered by the Barrel, Endcap and Forward (HB,
HE and HF) parts of the calorimeter. The events are selected after the cuts (5) — (13) (Selection
1) with the following values of the cut parameters:

Ap<15°, PUYL=10GeV/e, Py =10GeV/c. (23)

The first columns of these tables give the number of events with jets (found by the LUCELL
jetfinding algorithm of PYTHIA), all particles of which are comprised entirely (100%) in the
Barrel part (HB) and there is a 0% sharing (APt = 0) of P7¢ between the HB and the
neighboring HE part of the calorimeter. The second columns of the tables contain the number
of events in which P; of the jet is shared between the HB and HE regions. The same sequence
of restriction conditions takes place in the next columns. Thus, the HE and HF columns include
the number of events with jets entirely contained in these regions, while the HE+HF column
gives the number of events where the jet covers both the HE and HF regions. From these tables
we can see what number of events can, in principle, be suitable for the most precise jet energy
calibration procedure, carried out separately for the HB, HE and HF parts of the calorimeter in
different P,% (=~ P,’¢!) intervals. Less restrictive conditions, when up to 10% of the jet P, are
allowed to be shared between the HB, HE and HF parts of the calorimeter, are given in Tables
9 and 10 that correspond to the case of Selection 1.

10



Table 9: Selection 1. ARt/ PpI€t = 0.00 (Line=10 f671)

[ 77 || HB | HB+HE | HE [ HE+HF [ HF |
40-50 || 15072 | 11179 | 5417 | 3045 | 729
50-60 || 9076 | 7037 | 3231 | 1734 | 376
60-70 || 5813 | 4447 | 2055 | 1030 | 218
70-80 || 3726 | 2903 | 1275 | 669 123
80-90 | 2542 | 1901 847 432 67
90100 || 1711 1243 558 246 44

100 - 110 || 1263 879 352 150 12
110-120 || 836 681 289 107 20
120 - 140 || 1085 836 400 154 8
140170 || 752 626 218 71 8
170-200 || 348 261 103 44 0
200 - 240 || 206 139 75 20 0
240-300 || 111 95 28 4 0
40-300 || 44554 | 34076 | 15789 | 8510 [ 2020
Table 10: Selection 1. AP7¢t /P7et < 0.10 (Line=10 fb71).

[ A7 || BB [ HB+HE | HE [ HE+HF | HF |
40-50 || 19610 | 3251 ] 10328 ] 887 | 1366
S0-60 | 12161 | 1667 | 6439 | 420 | 768
60-70 [ 7797 950 | 4166 | 202 | 444
70-80 || 5077 | 570 | 2633 162 | 253
80-90 [ 3453 372 1734 83 147

90100 || 2261 242 1152 43 95
100110 || 1683 170 729 Ep) 40
110-120 || 1176 87 582 16 45
120~ 140 || 1465 139 816 36 43
140170 | 1026 115 511 12 12
170 -200 || 475 48 222 5 8
200-240 || 273 17 147 3 4
240-300 || 158 Is 59 0 0
40-300 || 59392 | 8169 | 31395 ] 2127 | 3861

Our estimation has shown that the requirement of jet isolation with et < 5% (see (13))

would lead to about twofold reduction of the number of events.

From the last summarizing line of Table 9 we see that for the whole interval
40 < PtZ < 300 GeV/c PYTHIA predicts about 45 000 events for HB, 16 000 events for HE
and about 2 000 events for HE at L ;=10 fb71.
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4. Dependence of the imbalance between P, and F,7! on the Biopr and P pa-
rameters

Here we shall study in detail a dependence of the P,Z — P7¢" imbalance on the values of
P2t and P, 4. For this aim the four samples of “Z° + jet” events described in the
beginning of Section 3 were used.

The mean values of the most important variables used in our analyses that reflect the
main features of “Z° + jet” events (P56, Ag, B;°“, P, (P, PPy /P,? and (P, -
PP/ Py with the jet completely contained in the Barrel region, i.e. “HB events” (see
Section 3.3) may be found in Appendices to [22].

Here our analysis is concentrated on the events with Jets (as well as clusters) found by
LUCELL jetfinder in the whole 7 region |777/¢¢] < 5.0. The influence of a wide variation of cuts
Ptgl(jvs']tﬂ and Pt%u(fvr on
(a) the number of selected events (for L;,; = 10 foh,

(b) the mean value of F = (P,” — B,7**)/P,% and

(¢) the standard deviation value o (F)

is presented in Tables 1-9 for Selection 1 of Appendix. The set of selection cuts (4)—~(10)
(Section 2.2) was applied to preselect “Z° + jet” events for the tables of Appendix.

Tables 1-3 of Appendix correspond to the “Z9 + jet” events selection in the interval
of 40 < B¥ < 70 GeV'/c Tables 4-6 to that for 70 < P,Z < 100 GeV/c and Tables 7-9 to
that for 100 < P,% < 140 Gel /.

We see that the restriction of P,“%* and P,°% are necessary to improve the jet en-
ergy setting accuracy. So, Tables 2 (for 40 < P,Z < 70 GeV/c) and 8 (for 100 < P,Z <
140 GeV'/c) of Appendix show that the mean values of the fraction F' = (P,% - By /p?
decreases with variation of the two cuts from P, = 30 GeV/cand P,2%,. = 1000 GeV/e
(i.e. without limits) to P, &% = 10 GeV'/c and P2 = 10 GeV/c as 0.049 to 0.018 and as
0.036 to 0.012, respectively. At the same time this restriction noticeably decreases the width
of the Gaussian o (F) (see Tables 3, 6 and 9 of Appendix). So, it drops from 0.200 to 0.103 for
0 < P? <70 GeV/c and from 0.138 to 0.066 for 100 < P,% < 140 GeV/e for the same
variation of P, &% and P24

Again, the reason is caused by the term P;(O+7 > 5)/ P,% of the P,-balance equation
(19) (as we noted above, the contribution of (1 — cosAd) to the PtZ - Ptjd imbalance is
negligibly small). This term can be decreased by decreasing P; activity in the space out of the
“Z° + jet” system, i.e. by limiting P/t and P,ou¢.

The numbers of events at the integrated luminosity L ;,; = 10 fb! for different Pt‘é[lb‘f}
and P, 1 are given in Tables 1, S and 9 of Appendix. One can see that even with such strict
PEEE and P27 values as 10 GeV/c for both, for example, we would have 69 600, 18 100
and 6 860 for 40 < P,% < 70 GeV/c, 70 < P,? < 100 GeV/c and 100 < P? <140 GeV/e
respectively.

The information analogous to that in Tables 1-12 for the events selected after imposing
the jet isolation requirement may be found in [22].

The behavior of number of the selected events for Lint = 10 fb71, the mean values
of (PZ - Ptjet)/Piz and its standard deviation o (F') as a function of P28 for Py ?11{57’ =
20 GeV'/c is displayed in Fig. 7 for events with non-isolated (left-hand column) and isolated
jets (right-hand column) with €/ = 8% at 40 < P,? < 70 GeV/e and ¢/ = 5% at

12



70 < P,Z < 100 GeV/c and 100 < P,Z < 140 GeV/c. From the middle plot of the right-
hand column we see that one can obtain a much better fractional balance F, less than 1% for
all P,Z intervals. As in the case of events with non-isolated jets, the restriction of upper cut on
P,°¥* also lead to improving the systematic uncertainty, 1.e. decreasing o (F).

Without jet isolation With jet isolation
— . — - —
= - f = -
I C D r
d>) z u>) i
= | 40< P2 <70 >
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= -~
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Fig. 7: Number of events at Line = 10 fb—1, mean value of FF = (P? — Piety/ P2 (< F >), its standard
deviation (o) as a function of P& - value. Ptg'[‘th value is limited by 20 Gel'/c. Full line corresponds to the
event selection with 40 < B % < 70 GeVl/c, dashed line to that with 70 < PZ < 100 GeV/c and dotted line to

that with 100 < P2 < 140 GeV/c (el¢t = 8%, 5%, 5% in these P intervals, respectively).
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Appendix

40 < PZ <70 GeV/e

Table 11: Number of events per Lins = 10 fb7 1.

Py P 5%, (GeV/e)
(GeV/c) 5 7 10 | 15 ] 20 [ 30 ] 1000
5 9700 17700 19200 19300 19300 19300
10 30700 69600 87300 91700 92400 92400
15 37700 92600 127400 141500 146600 146900
20 40000 100900 145400 167700 179200 180300
30 41400 106600 157600 187100 208900 213100

Table 12: (F), F = (PZ — PIety P2

Pt P jiaz (GeV/o)
(GeV/e) s 1 [ 15 [ 20 [ 30 [ 1000
5 0014 0.015 0.016 0016 0016 0.016
10 0.013 0.018 0.023 0.024 0.024 0.024
15 0.014 0.021 0.029 0.033 0034 0.034
30 0014 0.022 0.033 0.038 0.041 0.041
30 0.014 0.023 0.034 0.042 0.047 0.049

Table 13: o(F), F = (P.% — P/t /P2,

P P fras (GeV/c)
(GeV/e) 5[ 10 ] 15 [ 2 [ 30 [ 1000
5 0.079 0.088 0.093 0.094 0.095 0.095
10 0.085 0.103 0.115 0.121 0.124 0.124
15 0.086 0.107 0.126 0.140 0.150 0.151
20 0.088 0.109 0.131 0.151 0.168 0.173
30 0.088 0.110 0.134 0.158 0.187 0200
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70 < B,?Z <100 GeV/c

Table 14: Number of events per Lin; = 10 oL

P P.oul (GeV/e)
(GeV/e) s 10 ] 15 | 20 [ 30 ] 1000
5 2500 4500 4900 5000 5000 5000
10 7600 18100 23000 24800 25200 25200
15 9500 24700 35000 40700 43900 44000
20 10100 27000 40300 50000 57900 59200
30 10600 28700 44500 57900 73200 79200

Table 15: (F), F = (P.Z - P/ P2

P Pi fias (GeV/c)
(GeV/e) 5 ] 10 [ 135 | 20 [ 30 [ 1000
5 0.011 0012 0.012 0012 0.013 0.013
10 0.012 0.013 0015 0.018 0018 0.018
is 0013 0015 0.019 0.024 0028 0.029
20 0.014 0.016 0.021 0.028 0038 0.043
30 0.014 0017 0.023 0.033 0.050 0.066

Table 16: o(F), F = (PtZ _ ptjet)/ptz‘

P Piovrs (GeVe)

(GeV/c) 5 | 10 | 15 | 20 | 30 | 1000
S 0.069 0.070 0.074 0.075 0.077 0.077
10 0.071 0.078 0.088 0.093 0.095 0.096
15 0.071 0.082 0.094 0.105 0.116 0.118
20 0.072 0.083 0.097 0.111 0.131 0.141
30 0.073 0.084 0.100 0.118 0.149 0.178
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100 < P < 140 GeV/c

Table 17: Number of events per Ljn; = 10 fo— i

Pt Pifaz (GeV/c)
(GeV/c) 5 ] 10 ] 15 [ 20 [ 30 [ 1000
5 930 1710 1890 1920 1920 1920
10 3000 6860 9010 9660 9910 9930
15 3660 9320 13750 16110 17700 17910
20 3880 10320 15950 19880 23600 24330
30 4050 10970 17470 22910 30640 34110

Table 18: (F), F = (P% — PIt)/P,Z.

Py Pijiax (GeV/c)
(GeV/c) 5~ [ 10 ] 15 [ 20 [ 30 ] 1000
5 0.007 0.006 0.009 0008 0.008 0.008
10 0.005 0.012 0.014 0.014 0015 0.015
15 0.005 0011 0.015 0017 0018 0.019
20 0.006 0012 0.017 0.019 0.024 0026
30 0.005 0013 0.017 0.022 0033 0.036

Table 19: o(F), F = (PZ — PJeY) /P72,

PRt P, o= (GeV/e)
(GeV/c) 5 | 10 ] 15 I 20 ] 30 ] 1000
5 0.046 0.045 0.050 0.051 0.050 0.050
10 0.054 0.066 0.075 0.076 0.080 0.080
15 0.054 0.068 0.079 0.084 0.092 0.095
20 0.056 0.071 0.082 0.088 0.102 0.109
30 0.055 0.073 0.084 0.092 0.113 0.138
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VcTaHoBICHHE LLIKATBI SHEPTUH CTPYH
¢ nomoubio cobbitit «Z° +cTpys» na LHC

H3yyaeTcss BO3MOXHOCTb YCTaHOB/IEHHS LIKaIbl SHEPTUH CTPYH C IOMOUIBIO
npouecca pp — Z O +jet+X na LHC. JleMoHCTpHpPYETCS BIMSHHE HOBOTO HaGopa
KPHUTEPHEB, NIPETOXKEHHbIX B HALUMX NPEbUIYIIHX paboTax, Ha yaydleH’e 6anaH-
ca PZ —P®. Tlpeacrasnens! pacnipejiellekust yucia cobbrtuit o B% u et

Pa6ora BomoinHeHa B JlaGoparopuu saepHeix npobiem uM. B. I1. Ixxenenosa
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Bandurin D. V., Skachkov N. B. E1-2003-163
Setting the Absolute Scale of Jet Energy
with «Z° +jet» Events at LHC

A possibility of jet energy scale setting by help of pp — Z O 4jet+X process
at LHC is studied. The effect of new set of cuts, proposed in our previous works,
on the improvement of the PZ —P'® balance is demonstrated. The distributions
of the selected events over BZ and n'® are presented.
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