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We study the Higgs boson (%) decay to two light jets at the 14 TeV High-Luminosity-LHC (HL-
LHC), where a light jet (j) represents any non-flavor tagged jet from the observational point of
view. The decay mode & — gg is chosen as the benchmark since it is the dominant channel in the
Standard Model (SM), but the bound obtained is also applicable to the light quarks (j = u,d,s).
We estimate the achievable bounds on the decay branching fractions through the associated pro-
duction Vi (V = W*,Z). Events of the Higgs boson decaying into heavy (tagged) or light (un-
tagged) jets are correlatively analyzed. We find that with 3000 fb~! data at the HL-LHC, we
should expect approximately 10 statistical significance on the SM Vh(gg) signal in this channel.
This corresponds to a reachable upper bound BR(/ — jj) <4 BRM (h — gg) at 95% confidence
level. A consistency fit also leads to an upper bound BR(h — cc) < 15 BRS™(h — cc) at 95%
confidence level. The estimated bound may be further strengthened by adopting multiple variable

analyses, or adding other production channels.
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1. Signal and Background Processes

While the precision measurements of those couplings will continue in the LHC experiments, it
is imperative to seek other “rare decay” channels, such as the clean mode to 4™t~ [1]. For the other
hadronic channels, it is extremely challenging at the LHC. The most promising channel is through
W (Z)h associated production, with W /Z decaying leptonically to serve as effective triggers, and
the Higgs signal detected from the construction of its hadronic decays. In the work we study Higgs
decay to a pair of light un-tagged jets 4 — jj, in the associated production channel.

Depending on the production mechanisms and the final states, we consider the following sub-
processes

qG — WEh — 1Fv + jj, (1.1)
e+ jj,

1.2
vV +jJ, (1.2

qq, gg—>Zh—>{

where / = e, and j = g or u,d,s. Practically, j is a gluon as expected in the SM. We thus
generically denote the SM signal by Vh(gg), whenever convenient. For the SM backgrounds, we
mainly consider the dominant irreducible background process V + jj at LO, where the V decays
and contributes accordingly to the three signal channels.

2. Signal Selection

In further studying the signal characteristics in Egs. (1.1) and (1.2), we categorize the channels
according to the zero, one, or two charged leptons from the vector boson decays. In addition, the

signal has two leading jets from the Higgs decay, and at high pr(y), the distance between the two
1 my

A /Z(I—Z) Pr(n)

the two jets. The LO parton-level distributions of three kinematic discriminants for the Z4 channel,

hadronic jets can be estimated as R;; ~

, where z, 1 — z are the momentum fraction of

the transverse momentum pr(z), the jet separation R, and the di-jet invariant mass m;, are studied
to optimize the cuts.

To suppress the huge QCD di-jet backgrounds, we further optimize the reconstruction of the
Higgs mass. Specifically we propose a modification of the two-jet-resolved method by including
possible additional jets in the decay neighborhood — a “resolved Higgs-vicinity" method. After
clustering the jets with anti-kt AR = 0.4, two leading pr jets within Ry« are clustered as the
“Higgs-candidate". Then additional jets j’ are also clustered to the “Higgs candidate" in sequence
of angular vicinity, whenever Ry jy < Rmax. We choose Ry = 1.4.

3. Alternative Discriminants with Missing Energies

We note that a momentum balance discriminant could be efficient to select signal over back-
ground by itself. We define a discriminant by subtracting the scalar sum of the transverse momenta
of the visible particles with the missing transverse energy in the event,

TVQEZ,‘|]9T,'|—LET’. (31)
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o (fb) 00 +jj | " +Er+jj| Er+jj | combined
Vh signal 7.0x1072 | 41x107! | 3.6x107!
V jj background | 2.4 x 10? 2.5x103 1.6 x 103
% 0.25 0.61 0.49 0.82
Fiys 0.09 0.17 0.17 0.26

Table 1: Signal significance achieved from each channel and combined results for both statistics and sys-
tematics dominance.

This is a version of a momentum balance discriminant, referred as TvQ (Transverse event Quality).
Another simple discriminant is the transverse angular variable ¢z, defined as the angle between the
missing transverse energy vector and the vector sum of the visible pr. We examined the selective
cuts (—30 GeV < TvQ < 10 GeV) or (x — 0.5 < ¢z, < £+ 0.5) and found them comparably
effective in separating the signal from the backgrounds.

4. Results and Discussion

4.1 Signal significance

As shown in Table 1, the pure statistical estimation gives a 0.82¢ significance. We consider
sideband fitting to control the systematic uncertainties [2], and the significance follows as

N, sig

Syg = ————
ys )
€p X Npkg

4.1)
where &g is the fitted background percentage uncertainty. Further reduction of non-statistic uncer-
tainties is expected with more dedicated background fitting schemes, once real data is available
from experiments.

4.2 Bounds on the branching fractions and correlations with 1 — bb, c¢

The interpretation of these results to bound on individual Higgs decay channels needs further
discussion. The signal we have been searching for in this study really is & — j'j' where j’ is an
“un-tagged jet” including possible b, ¢ and j (g,u,d,s) contributions.

Assuming each category is statistically independent and following Gaussian statistics. We
combine the three categories to get the three dimensional contour constraint on { i, U, it;} correl-
atively based on the relation

_ d SM od\?
) Zx _Z —%,)? :Z (218 BR; NS;O —Zzg BR; Nﬁ;) )2
¢ o a (1/Nokg)?

) 4.2)
(Yieai i —
=L 0

where .7, is the significance from each category measured by experiments, and e,; are the efficien-
cies from each decay channel i in category a taken from tagging prospects. The correlated signal
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f(fb_l) K (Ku) Ky (Kd) Ks (Ks)

300 (un-tagged j/j) | 1.2(2600) | 1.2(1200) | 1.2 (61)
3000 (un-tagged j'j) | 0.65 (1500) | 0.65 (680) | 0.65 (34)
Current Global Fits [3] | 0.98 (2200) | 0.97 (1000) | 0.70 (37)

Table 2: Extrapolated upper bounds at 95% CL on the light-quark Yukawa couplings &, = y, /ylS,M (k=
yq/yZM) for g = u,d,s.

strengths are constrained in a 3-dimensional contour of (U, Ue, i;), analyzed with statistical error
(including systematical error). Sensitivities at 26 level can be obtained with 3000 fb~! data as

BR(h — jj) <4 (9) x BR*™(h — gg), (4.3)
BR(h — ¢€) < 15 x BR*™ (h — ¢¢). (4.4)

Although this bound on the 7 — gg channel is not nearly as strong as that from the production fit
gg — h assuming the SM value, our study and results lay out the an independent test and the search
for the direct decay of the Higgs boson to gluons and the light quarks.

4.3 Bounds on light-quark Yukawa couplings

As explained earlier, the bound on 2 — jj in Eq. (4.3) can be translated into those for the light
quark Yukawa couplings. Assuming the SM ggh coupling, and varying one light quark Yukawa y,
at a time, we translate our bound on y; to the Yukawa couplings for light quarks u,d, s by scaling
the branching fraction with pi, o yfj. Our results are shown in Table 2. The upper bounds from
our study of Higgs decay to light jets are comparable to those derived from the Higgs production
kinematics, and provide complementary information to existing approaches.
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