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1. Introduction

The Standard Model Higgs boson decay to a tau-tau pair is an important channel in the search
of the Higgs boson in the mass range 115-145 GeV/c?. The vector boson fusion (VBF) process,
with the second highest cross section at the LHC, provides a characteristic signature of two forward
quark jets, which can be used to distinguish the Higgs boson signal from the background processes.

2. Mass reconstruction

The full di-tau mass can be reconstructed from two visible taus and E%liss. For high pr taus
the direction of the neutrinos from its decay is approximately collinear with the visible decay
products. Thus, their energies can be retrieved by projecting E%liss on visible taus. This collinear
approximation provides a satisfactory mass resolution, but a fraction of the events is lost when
the approximation results in negative neutrino energy. This may arise from a back-to-back event
topology or from a poor reconstruction of EEFiSS. Another method, suited for early data-taking, is
the di-tau mass reconstruction using only visible decay products. The method is independent on
E%‘iss reconstruction, but reconstructed mass is significantly underestimated (Fig. 1).

The dominant uncertainties of the full mass shape are expected to come from the modeling of
E‘Tniss. A method to model the di-tau mass shape from real Z — ppu events has been developed.
Firstly, muons are removed from the real event and not counted in E%‘iss calculation. Secondly,
taus with the real muons kinematics are generated and put into the real Z — pu event to form a
di-tau event with fake taus. Finally, the di-tau mass are calculated for this event. Figure 2 shows
the reconstructed di-tau mass distribution for the Z — 77 events with real and fake taus [1].
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Figure 1: The reconstructed mass distribution using (left) vis- Figure 2: The di-tau mass distri-
ible decay products and (right) the collinear approximation, for bution for Z — 7T — {VV + TpqV
VBF H — 77 events. events with real and fake taus.

3. Rapidity gap

A particular signature of VBF events is the rapidity gap between the two quark jets due to the
absence of color exchange between the incoming quarks. A selection of the gap allows to reduce
significantly background keeping a high efficiency for signal. Two methods of the central rapidity
gap selection were studied:

e the Central Jet Veto (CJV) is requirement of non-existence of any jet in pr > p’" in the
rapidity gap,
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o the Track Counting Veto (TCV) is requirement of maximal number of tracks with pr > pmi"
in the rapidity gap.
Fig. 3 shows the efficiency of selecting the VBF H — 77 signal with respect to the efficiency for
the Z+jets background using CJV (left) and TCV (right). For details see in note [1].

o~ Aprreree P , T : —~ AT . Cerre g
% 0.9F = % 0.9F CMS preliminary 4
(OB o 1
g 0.8; g 0.8; -
- _f - _r ]
0.7 e 0.7 1
T F T b ]
= o6 3 = o6 3
® [ CMSpreliminary E ® E
5,0.5 = - %0,5 - filled marker = soft VBF cuts |
) F filled marker = soft VBF cuts ‘B f hollow marker = hard VBF cuts
;0,4_— hollow marker = hard VBF cuts | :0.4:— —a— #1rack<2,4,6,8,10 (p, > 1GeVic) |
e P | —— E;>20,2530,35GeV . E = #lack<3,4,5,6,7 (o, > 2Gevic) |7
2 0'3; o RawE, >5, 10, 15,30 GeV/1 2 0'3; e #tack<1,2,3,4,5(p, >3GeVi0) |]
= Gl T T T T T 1rah = Gl T T T T T T
©0252 703 04 05 06 07 08 ©02762 703 04 05 06 07 08

efficiency (Z+2/3jets) efficiency (Z+2/3jets)

Figure 3: The signal efficiency (VBFH — 17, My = 135 GeV/c?) vs the background efficiency (Z+jets,
Z — 00) for CJV (left) and TCV (right).

4. Results

The di-tau mass distribution after all selections is shown in Fig. 4. No signal evidence is
expected for 1fb~!. The mass distribution for signal and background was used to evaluate the
upper limit on the cross section times the branching-ratio in the Higgs mass range
115-145 GeV/c? (Fig. 5). For details see in note [2].
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