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Impact of QCD corrections on the search for the intermediate mass Higgs boson
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Using next-to-leading-log calculations of Higgs boson production and hadronic two-photon pro-
duction, a signal and background study in the intermediate mass range of the Higgs boson is done
for /s = 40 and 14 TeV. The effects of realistic cuts, including photon isolation, are examined.
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I. INTRODUCTION

The Higgs boson and the top quark are the remaining
missing pieces of the standard model. The top quark, if
its mass is less than 250 GeV, is expected to be discovered
at the Fermilab Tevatron [1] and CERN ete™ collider
LEP has set a lower bound on the Higgs boson mass
of mg > 57 GeV [2]. LEP II, with a center-of-mass
energy of 180 GeV, will be able to extend the search to 90
GeV [3]. If mpg > 90 GeV, high-energy colliders such as
the Superconducting Super Collider (SSC) and/or CERN
Large Hadron Collider (LHC) will be required to extend
the search.

The dominant production mechanism at hadron su-
percolliders is expected to be gg — H [4]. The domi-
nant decay mode depends on the Higgs boson mass. If
my is greater than twice the Z mass the four-lepton de-
cay mode, H — ZZ — 4l, should be observable [4]. If
the Higgs mass lies in the “intermediate mass region,”
80 GeV < mpyg < 2Mz, QCD backgrounds overwhelm
the main decay mode H — bb and the rare processes
H — ZZ* and H — ~vv become the decay modes of
choice [5]. The decay H — ZZ* occurs at observable
rates for mg > 130 GeV and H — v occurs at ob-
servable rates for the entire intermediate mass region.
Unfortunately, the two-photon decay mode is plagued by
a large background [6] and detection of the inclusive pro-
cess pp = H — v will require detectors with excellent
v+ mass resolution [7].

Alternative production mechanisms which eliminate
the large two-photon background by the inclusion of a
final state lepton have been studied [8-11]. These pro-
duction mechanisms include associated W H, or tt H
production with H — ~+v. Including cuts, the expected
number of such events per year at the SSC (LHC), as-
suming /s = 40 (14) TeV and a luminosity of 10 fb~1,
is ~ 20 (4). By comparison, for myg = 140 GeV the ex-
pected number of pp — H — v+ events per year is ~ 700
(300) at the SSC (LHC). The Higgs boson can be discov-
ered via the [y signal but confirmation of the discovery
in the v channel would provide a margin of certainty.
Clearly the v+ channel requires precise knowledge of the
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two-photon signal and background.

Recently, next-to-leading-log (NLL) calculations of
Higgs production [12-14] and photon pair production
have been performed [15,16]. The photon pair produc-
tion calculation was performed in a Monte Carlo envi-
ronment. The flexibility of the Monte Carlo calculation
allows a thorough study of the effect of various kinematic
and isolation cuts on the two-photon background. In or-
der to make useful comparisons between signal and back-
ground, the signal pp — H — v was recalculated using
the NLL Monte Carlo formalism. In this paper the ef-
fect of kinematic and isolation cuts on the signal and
background is examined at the NLL level (for the inter-
mediate mass region). Results are presented for both the
SSC and LHC.

The rest of this paper is organized as follows. In Sec.
II, details of the calculation as well as input parame-
ters are discussed. In Sec. III, numerical results are
presented. In Sec. IV, the impact of further QCD cor-
rections are discussed. In Sec. V, a brief summary and
conclusions are presented.

II. CALCULATION

The Monte Carlo formalism for next-to-leading-log
(NLL) calculations has been described in detail in
Refs. [15-17]. The explicit details for the two-photon
calculation can be found in Ref. [15] and will not be re-
peated here. The NLL Monte Carlo calculation of the
signal pp — H proceeds in a similar manner.

The leading-log (LL) signal consists of the Born pro-
cess (pp — H) followed by the decay H — ~~. The Higgs
decay is calculated in the Higgs center-of-mass frame
and then boosted into the hadron-hadron center-of-mass
frame. The Higgs branching fractions are calculated as
per Ref. [4]. Including the order-a, corrections to the
Born process we obtain the NLL signal. The matrix el-
ement is calculated in the approximation of a top quark
with infinite mass. The “K-factor,” NLL/LL, in this
limit is then multiplied by the Born term for a finite top
quark mass. This procedure yields an excellent approx-
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imation to the general case, even for top quark masses
above threshold [14].

The two-photon background consists of several con-
tributions: Born, gluon box, single- and double-photon
fragmentation processes, and the order-a, corrections to
the Born process. The gluon box is an order-a?a? pro-
cess but due to the large gluon luminosity it cannot be
neglected. For the remainder of this paper the leading-log
background contribution will be defined as LL = Born +
box + single fragmentation + double fragmentation and
NLL = LL + order-a, corrections to the Born process.

Unless otherwise stated the following are used for this
calculation: CTEQ Collaboration set 1M (CTEQ1M)
parton distributions [18], the two-loop expression for
o,(Q%), @* = p% , and my = 140 GeV. Addition-
ally, for the SSC, the following cuts utilized in stud-
ies by the Gamma-E-Mu Collaboration and Solenoidal
Detector Collaboration (GEM) and (SDC) [7] are used:
pr, > 20 GeV, |y,| < 2.5, |cos8*| < 0.7, isolation cone
R = \/Ay? + A¢? = 0.7, and hadronic energy inside
of isolation cone < 4 GeV. For the LHC, the following
ATLAS [19] inspired cuts are used: pt. > 30 GeV, p7. >

20 GeV, |y,| < 2.5, isolation cone R = {/Ay? + A¢? =
0.255, ph /Py, + p?,.y) < 0.7, and hadronic energy inside
of isolation cone < 5 GeV.

ITII. RESULTS

Defining a K factor as K = NLL/LL, Fig. 1 shows
the variation of this correction factor with photon-pair
mass (i.e., Higgs mass) for the SSC (using GEM and/or
SDC cuts). The solid curve denotes the variation for the
signal and the dashed curve for the background. Specific
values for the signal and the background may be found
in Tables I and II.
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FIG. 1. K factor for the signal and background at /s =

40 TeV using GEM and/or SDC cuts.

TABLE I.  Signal (fb) at /s = 40 TeV with GEM and/or
SDC cuts.
myg owL(pp > H - vy) onwL(pp > H — vy) K factor
80 39 67 1.72
90 49 82 1.67
100 59 100 1.69
110 70 117 1.67
120 76 125 1.64
130 72 117 1.63
140 57 93 1.63
150 37 60 1.62
160 7 12 1.71

TABLE II. Background (fb/GeV) at /s = 40 TeV with
GEM and/or SDC cuts.

my dopL(pp—H—vy) d”NL;IE;’P—”Y’Y) K factor
vy vy
80 761 1121 1.47
90 496 780 1.57
100 340 522 1.54
110 237 377 1.59
120 173 283 1.64
130 128 212 1.66
140 98 163 1.66
150 75 127 1.69
160 60 103 1.72
TABLE III.  Signal (fb) at /s = 14 TeV with ATLAS type

cuts.

myg oLL(pp = H = vy) onw(pp = H = vy) K factor
80 13.7 35.3 2.58
90 18.3 44.5 2.43
100 229 53.5 2.34
110 27.1 61.2 2.26
120 29.2 64.9 2.22
130 27.4 59.4 2.17
140 21.6 46.1 2.13
150 13.8 29.1 2.11
160 2.62 5.43 2.07

TABLE IV. Background (fb/GeV) at /s = 14 TeV with
ATLAS type cuts.

my dopL(pp— H—vY) d"'NL(:.}fJPP"’Y’Y) K factor
Y Y
80 328 667 2.03
90 249 501 2.01
100 188 372 1.98
110 142 286 2.01
120 108 210 1.94
130 84 162 1.93
140 66 127 1.92
150 53 101 1.91
160 42 79 1.88
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FIG. 2. Ratio NLL significance to LL significance at /s =

40 TeV using GEM and/or SDC cuts.

Figure 1 shows that the situation for a light Higgs bo-
son (80 GeV < my < 100 GeV) may be better than
previously assumed. In this region the K factor for the
background is decreasing while the K factor for the sig-
nal is increasing for decreasing Higgs mass. The effect
of this behavior on the significance of the signal can be
seen in Fig. 2. Figure 2 shows the ratio of QCD corrected
significance to the leading-log significance. For the light
mass region this curve implies that the discovery time
may be reduced by up to a factor of 1.4, and for the rest

[ S T T T T T T TTTTTTTTT "1' T Tt T
N | ] ]
26 [; Vs = 14 TeV
F\ pu - 30 GeV, pp - 20 GeV
r | v~ 25 B
;f' \ Pu / (Pu + P ) = 07
24 L_ Cone size R = 0.255 -
| Ejap in Cone - 5 GeV
s |
) b
= !
3)
< L
& .
N 2.2 — N —
=< CTEQIM pdf used ]
- ——— Signal T
—~_
n — — — Background ~
= -
20 — T~ -
F - 4
L 1 1 L1 J 1 1 " 1 l BN N 1 I L 1 1 1
80 100 120 140 160
M77
FIG. 3. K factor for the signal and background at /s =

14 TeV using ATLAS type cuts.
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FIG. 4. Ratio NLL significance to LL significance at /s =

14 TeV using ATLAS type cuts.

of the mass region by a factor ~ 1.3.

For the LHC, Fig. 3 shows the variation of the K factor
with photon-pair mass (using ATLAS style cuts). As
before, the solid curve denotes the variation for the signal
and the dashed curve for the background. Specific values
for the signal and the background may be found in Tables
IIT and IV.

Figure 3 shows that the signal K factor dominates the
background K factor over the entire mass range. The
impact of this behavior on the significance of the signal
can be seen in Fig. 4. Figure 4 shows the ratio of QCD
corrected significance to the leading-log significance. For
the light mass region this curve implies that the discovery
time may be reduced by up to a factor of 1.8, and for the
rest of the mass region by a factor ~ 1.5.

IV. IMPACT OF ADDITIONAL QCD
CORRECTIONS

A valid criticism of the results presented above would
be the exclusion of QCD corrections to the background
process gg — vy. The QCD corrections to this process
are unknown. This raises the following question: if the
corrections to this process were similar in magnitude to
the gg — H case how would this affect the results pre-
sented above?

At leading-log level the gluon box contributes ~ 45%
(35%) to the background cross section at the SSC (LHC).
At next-to-leading-log level, as presented above, this con-
tribution drops to ~ 25% (18%) of the background due
to the large corrections to the gg — <y~ process. If the
QCD K factor for the gluon box process is set equal to
the K factor for gg — H, the NLL background K factor
is increased by a factor of 1.4 (1.2) at the SSC (LHC).
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The net effect on the significance ratios shown in Figs. 2
and 4 is to reduce them by 15% for the SSC and by 9%
for the LHC.

Another possible concern of the results presented above
would be the exclusion of QCD corrections to the photon
fragmentation processes. The fragmentation processes
contribute significantly to the nonisolated LL cross sec-
tion [6, 16] but < 10% of the isolated leading-log cross
section.

The QCD corrections for photon fragmentation have
recently been presented by Aurenche et al. in Ref. [20].
The results for NLL photon fragmentation fall below the
LL curves for all values of z and converge for high z (z
is the fraction of momentum the photon takes from its
parent parton). For isolated photons the high z region is
the relevant region that contributes to the cross section.
Thus using the LL fragmentation results in a slight over-
estimate the fragmentation contribution and the impact
on the results presented above is negligible.

V. CONCLUSIONS

Results have been presented, at the NLL level, for the
signal and background in the intermediate mass region.
The K factors, and the significance of the signal, were
found to depend on the mass of the Higgs boson and
the cuts implemented. The QCD corrections were found
to imply that the discovery time for the intermediate
mass Higgs boson could be reduced by a factor of 1.3-1.8
with the caveat that QCD corrections to the background
process gg.— 77y could reduce these factors by 9-15 %.
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