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The most natural channel:

- This decay occurs naturally also in SUSY |[Dermidov &
Gorbunov, 1112.5230| 4“

- Clean signal. Essentially background free:
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The most natural channel:

- Remove dominant background by vetoing a close in mass to
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The most natural channel:

- Remove dominant background by vetoing a close in mass to
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Alternative search

- This signal has not been studied experimentally

- The efficiency will be smaller, but this is compensated by the
larger B* production cross section
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Analysis strategy/efficiency estimation

Inspired by
1611.07704

- [Trigger| At least one muon with PT > 1.7 GeV

- Exactly four muons, with vanishing total charge

- All muon tracks with PT > 0.5 GeV and within
2.5 < ETA < 5.0

- FEach muon should have total momentum > 2.5

GeV

- Veto muon pairs with mass in [0.95,1.09] U |3,3.2]
GeV 17
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Other decay channels we considered:

Easy to reconstruct,
BR of about 9%

- BY — D* + 4muons, with D —- K= n* ™

- B® - K*% + 4muons, with K*° — K* n~
BR ~ 67%
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Effect of cuts:

larger final state multiplicity — smaller efficiency
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Limit procedure:

- Normalise efficiency with respect to four-muon
channel

- Scale cross sections with energy and production
mode, scale luminosity
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Limit procedure:

- Normalise efficiency with respect to four-muon

channel
1.8 from 8 to 14

TeV
- Scale cross sections with energy and production

mode, scale luminosity [81+1;le03; ;3]-7 B’
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Limit procedure:

- Normalise efficiency with respect to four-muon
channel

1.8 from 8 to 14
TeV

- Scale cross sections with energy and production

mode, scale luminosity [51;15203; 3]7 B’

- Scale upper limit on B(B? — prp p+ p~) < 2.5 x 107°
[from 1611.07704]| accordingly:
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Expected limits

9/fb 50/b 300/fb
Decay LHCDb | Upgrade I | Upgrade 11
BY % G it 60 9 1.4
B —» utu—utp 15 2.3 0.4
BT — Kt u putp Bl 5 0.9
BY s KW e i i 100 16 2.7
BY = Dt ptp ptp~ | 1300 200 32

(BR in units of 10~11)
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Comparison with other observables
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One more search

- Not so rare actually:
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One more search
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Efficiencies and limits:

mx > mi + mo

mx < mi -+ mso

meo > 2m1 | mo < 2mi mx > 3mi

BY — 3ut3u” (0.02,0.03] | [0.01,0.02] (0.02,0.03]
limit (x1077) | [6.7,11.6] | [7.9,18.2] 6.0, 11.9]

BT — KT3u"3u™([0.007,0.009] [[0.003,0.009]| four-body
limit (x10~°) | [5.9,8.0] | [6.0,16.6] four-body
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Comparison with other observables
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Comparison with other observables
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Conclusions

- Heavy vector bosons and light scalars arise in a number of new
physics models (CHMs, B anomalies, muon anomalies...)

- It can well be that their prime signature are B decay modes not
yet explored, e.g.:

BY = KH(DV)ut et

- The LHCDb sensitivity to these Brs is of the order of 10~1°!
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More about backgrounds
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Irreducible backgrounds to the decay have to be considered. The decay BY — pp
with ¢ — p*p~ is one of these. Using the measured branching fractions [49, 50] we
get B(B! = (¢ = ptp )@ = ptp™)) =1.84 x 107° x (2.89 x 107%)? = 1.5 x 1072,
As can be seen from the expected limits above, even at the end of LHCb Upgrade II,
this is not relevant. For the equivalent decay mode of the BY, the measured branching
fraction limit for the BY — ¢y decay is three orders of magnitude below the BY mode
and thus even less of a concern. The decay BY — ou®p~ has a measured differential
rate of 2.6 x 107® GeV ™ in the region of the squared dimuon mass close to the ¢
mass [17]. Letting the ¢ decay to a muon pair and considering a mass region with
width of around 20 MeV, corresponding to a realistic mass resolution, this will give a

background at the 107 level and is thus not relevant.
36
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F(ag —>CL1£+£_) ~
(9190)* o . 2 ma °
3m12m1 1 | — — 1 . (5)

This decay mode dominates if g; 2 100g,. We assume
this hierarchy hereatter. Thus, for example for gz = 3
and go = 0.01, as decays always into four leptons me-
diated by ai, which can be either on-shell or off-shell.
Also, they both have widths smaller than 10 MeV and
lifetime shorter than 10 fs. As a consequence, both a; o
would seem to have vanishing experimentally measur-
able widths and flight distances. Furthermore, note that
the Yukawa suppression helps also avoiding bounds from

BaBar and even the future Belle-II [22].
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Reconstruction of masses

- Minimise |[m{ —mi5 |+ |miy —mi5| Then a, is reconstructed from the

two a, closer in DeltaR.
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FIG. 9: Normalized distribution of the reconstructed ma
(solid) and m2 (dashed) for ma > 2m. 39
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