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Introduction

Presentation of the results from
J. High Energy Phys. 05 (2013) 132 and LHCb-CONF-2012-014

@ Set limits on ®9 — 777~ production in the forward region.

@ Model dependent search for Long Lived Particle from higgs
like boson decay.



The LHCb detector [2008 JINST 3 S08005]
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@ LHCb experiment is fully instrumented over a unique region of pseudorapidity at
LHC.

@ Designed for CP violation studies in B decay and rare decays.

@ Single arm spectrometer covering the pseudorapidity range of 2 < n <5, where
~ 27 % of bb are in acceptance.



The LH Cb detector [2008 JINST 3 S08005]

@ Tracking efficiency > 95 %.

@ 5p/p ~0.4% at 5 GeV to 0.6% at 100 GeV/c?.

@ [P parameter resolution of 20 pum for high-pT tracks - important for b-tagging.
@ 1.0fb~lat/s=7TeVand2.0fb!ats=28TeV.

@ Very stable data taking with average pile-up 2.



Limits on CD — 7'+’7'_ ro I [J. High Energy Phys. 05 (2013) 13
0]

Dataset
1.0 fb~! at /s = 7 TeV (collected in 2011)

@ Data sample used in Z — 77 cross-section measurement [JHEP 01 (2013) 111]
@ Selected 5 datasets: TuTp, TpTer TeTp, TuTh and TeT).

leptonic vy semi-leptonic v,

TuTu, TuTe b TuThs TeTh  r

@ pry > 20 GeV pry > 5 GeV,
2.0 < m2 < 4.5
Track displaced from PV, in 7,7, 7,74 and
TRV isolated back-to-back

A¢p > 2.7 and my 2 > 20 GeV.

Lepton isolation.

€6 e ¢

In 7,71, momentum asymmetry and exclusion
of 80 < my,;, < 100 GeV. (Z — pp
background).

lifetime pr asymmetry
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Limits on CDO — 7t production [J. High Energy Phys. 05 (2013) 132]

Signal and background estimation
@ ¢9g — 77, Z — 7T, tt and WW.

N=L-c-B-A-¢

luminosity (£) from Van der Meer scan and beam-gas imaging.
cross-sections (o) and branching fractions (5), from theory.
acceptances from simulation.

efficiencies (€) from data using tag-and-probe methods.
simulated shape corrected for efficiencies and detector
resolution.

¢ ¢ ¢ ¢ @

@ distribution and normalization of QCD events is found from
data using same-sign events.

@ Electroweak (EWK) is taken from simulation and normalised
using data.

@ tt and WW productions are taken from simulation.
@ Z — Ul shape and normalization are determined from data.



Observed 7,7,

Z =TT 79.8 £5.6
QCD 11.7+3.4
EWK 0.0£3.5

tt <0.1+£0.1
ww <0.1+£0.1

Z — W 29.8+7.0

Total expected | 121.4 +10.2

Observed 124

SM Higgs x100 3.9+05

events/ (5 GeV)

[J. High Energy Phys. 05 (2013) 132]
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Observed 7,7,

Z =TT 288.2 +26.2
QCD 724422
EWK 40.3+4.3

tt 3.6+0.4
ww 13.3+1.2

Z = —

Total expected | 417.9 4+ 26.7
Observed 421
SM Higgs x100 | 11.9+1.6

[J. High Energy Phys. 05 (2013) 132]

events/ (5 GeV)
8 8 8 8

LHCb Vs=7TevV
® data
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ww
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Observed 7,7,

Z =TT 115.8 £12.7
QCD 54.0+3.0
EWK 0.0£1.3

tt 1.0+0.1
ww 1.6 +0.2

Z = —

Total expected | 172.4 £13.1

Observed 155

SM Higgs x100 3.8+0.5

events/ (5 GeV)

[J. High Energy Phys. 05 (2013) 132]

LHCb Vs=7TevV
® data
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100 120

60 80
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Observed 7,7,

Z =TT 146.1 £9.7
QCD 419405
EWK 10.8 +£ 0.5

tt <0.1=x0.1
ww 0.2+0.1

Z — U 0.4+0.1

Total expected | 199.3 9.7

Observed 189

SM Higgs x100 | 9.7 +1.3

[J. High Energy Phys. 05 (2013) 132]

events/ (5 GeV)
n
o
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Observed 7.7},

Z— 71T 62.1 +8.0
QCD 24.5+0.6
EWK 9.3+0.5

tt 0.7+04
ww <0.1+0.1

Z — W 2.0+0.2

Total expected | 98.7 +8.0

Observed 101

SM Higgs x100 | 4.24+0.6

events/ (5 GeV)

[J. High Energy Phys. 05 (2013) 132]
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Obse rved com bl ned resu |t [J. High Energy Phys. 05 (2013) 13

200 LHCb (s=7Tev
® data
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Results and Limits

[J. High Energy Phys. 05 (2013) 132]

Asymptotic limit from profile ratio of extended likelihood using mass shape, upper
limit calculated at CLs = 95%

70
g 60 |
& LHCD V5= 7Tev
2 50 95% CL, a’>tt
v — observed
= expected
Vo @« =+
JUeE LHCb {5=7Tev & =20
= 95% CL, 0 °—>tt 30 5 ATLAS36pb™
J — observed - ATLASAT7 b
@ g2 L expected 20 --CMS 36 pbt
X W1 CMS461b"
I =20 10 F LEP
SM theory
10° L L L L L L L L 0 ik L 1 ik L 1
100 120 140 160 180 200 220 240 9 100 110 120 130 140 150
M 40 [GeV] M o [Gev]

Which set the limits

@ o x 54,0_,.,.7_ exclusion in the forward region, 2.0 < n < 4.5

@ 8.6 pb at M¢0 = 90 GeV
@ 0.7pbat Md>o = 250 GeV

@ MSsM Mpmax exclusion

@ tan =34 at Myo = 90 GeV
9 tan B =70 at M, = 140 GeV
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Search for Higgs-Like boson decaying into Long-Lived Particle [LHCb-CONF-2012-014]

Many beyond standard model predicts neutral LLP which is accessible with the early
LHC data.

@ mSUGRA model with R parity and baryon number violation [arXiv:hep-ph/9709356]:

" Six-Quark Decays of the Higgs Boson in Supersymmetry with R-Parity Violation”

" — )2?)2? — 3jets + 3jets —> ~ 70% decays have a b-quark.
@ Hidden-Valley model [P.R.L 99 211801]

"SM Higgs may decay into 2 HV particles which decay to bb”

ho — 7% x — bbbb.
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Search

for Higgs-Like boson decaying into Long-Lived Particle [LHCb-CONF-2012-014]

In both models selection

Dataset: 36 pb~ ! at \/s = 7 TeV (2010 data).

mpp > 20 GeV.

LLP are obtained through inclusive vertex reconstruction in the trigger and offline
Myertex > 4 GeV and N > 4

displaced from the PV, R > 0.4 mm

© 066660

Vertex outside matter region (to suppress hadronic interaction in the velo).

" — {?{(1) candidates (BV48)

ho — T\'(\)/T\'(‘)/ candidates (HV10)

mpy = 114 GeV, mi(l) = 48 GeV and T)?? =10 ps Mpy = 120 GeV, mﬂ_l‘)/ = 35 GeV and -rﬂ_l‘)/ = 10 ps
= 5 1 T TTACH Praliminary
E g . Daz?
v E=] ME aﬁvm
5 - MC:BV48 |
S ]
B i
N 3
o ]
£ ]
S
=z
200 220 10
z (mm) Flight distance (mm)

@ Shape and yields compatible with bb backgrounds:
(75 £ 13)k bb expected, 59k observed. 15/25



for Higgs-Like boson decaying into Long-Lived Particle [LHCb-CONF-2012-014]

o
&

c THCB Praliminary
S 04| o+ paa_
Final selection - for di-LLP candidates —g 0.35] ME P
b o -+ MC: BV48
@ Tighter cuts are applied to the single candidate g :
9 myertex > 6 GeV, Ner > 6 N
@ Good quality vertex. ?EU
9 A¢ > 2.8rad. S
z 3
3

I
25

3
Ag (rad)

No candidates observed in data.

Di-LLP candidate are formed out of 2 back-to-back single
LLP

TTCHC Preliminary
. Data

THCh Preliminary
. Data

MC: bb
© MC:HV10
MC: BV48

MC: bb
- MC: HV10
MC: BV48

Normalized distribution
5
Normalized distribution
=
(=]

) R i H
0 5 10 15 25 35 0 20 40 60 80 100 120
Transverse momentum (GeV/c) Mass (GeV/c?)
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for

Higgs-Like boson decaying into Long-Lived Particle [LHCb-CONF-2012-014]

For BV48 Model

@ Overall selection efficiency on BV48: 0.384 + 0.017 (stat.) 40.086 (syst) %
@ Main systematic uncertainties on the detection efficiency: trigger efficiency
(15%) and vertex reconstruction (12%).
@ oy, x B(ho — )??)?(1)) 95%C.L upper limit: 32 pb.
@ A fast simulation of the analysis chain allow to extend the probed phase space.
@ Update of the analysis including jet reconstruction and ~ 80 times more data
on-going.
Tip =10 ps mp, = 114 GeV/C2
myp[GeV/c?] | 30 35 40 48 55 my plGeV/c?] | 30 35 40 48 55
Mpy [GeV/c?) TrLp [ps]
100 101 58 44 58 3 210 156 136 168 410
105 100 75 44 39 5 145 101 68 58 137
110 132 75 56 34 10 120 o1 47 32 46
114 128 91 47 32 46 15 15590 49 31 33
120 148 93 58 34 31 20 31 93 63 32 31
125 179 90 61 41 29 25 142 100 61 34 25
~0 ~
oy X Blho — XI%9) at 95%C.L [pb] Tpy X Blhg — X1X1) at 95%C.L [pb]
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Towards SM H — bb at LHCb

To see the Higgs at the LHCb is required development of new tools.

@ Low luminosity, limited acceptance but excellent spatial resolution of the vertex
locator: H(Z, W) — bb + £ is the best candidate.

@ ~ 5 (11) % of SM Higgs decays have 2 b-quarks in the LHCb acceptance at 7
TeV (14 TeV) .

Branching ratios
e Ho3 X5 WG 10

1095 L !
100 120 140 160 180 200
M, [GeV]

@ Sensitivity studies on-going at /s =7 TeV and 8 TeV.

@ Triggered development of new tools:
@ Jet reconstruction and calibration.
@ b-jet tagging.

18/25



Towards SM H — bb at LHCb

Measurements in the bb sector have been performed

@ Measurement of o5, With inclusive final states (LHCb-CONF-2013-002)

® o,p =77 £0.12 (stat.) = 0.84 (syst.) ub
@ oz = 104.6 + 2.7 (stat.) + 11.4 (syst.) ub

@ Measurement of the central forward bb asymmetry A,@EC' (LHCb-CONF-2013-001)

Motivation for APPFC

@ CDF and DO observe AtFEB 3 to 4 times larger
than the SM prediction (~ 5%).

@ ~ 2.50 discrepancy with SM Dataset ~ 1 fb™1 at \/s = 7 TeV
= Di-jet events py 1 o > 15 GeV 2.0 < n < 4.5
bb N(Ay>0)—N(Ay<0 B
° Afc = N((A};/>O)j+Nf(A;/<0))' Ay = lyp| — lygl A¢ > 2.5 rad jet reconstructed with anti-kT (R = 0.5)

and corrected to quark level.

b and bb are tagged by the charge of a hard, displaced
muon.
Time integrated total tagging purity (70.7 &= 0.4) %.

LHCb Preliminary

— simulation

flavor-tagging purity

S
3

g LHCD Preliminary

Z a0 —all ]

E tag o

2-tag

20
pseudo t [ps]

s h i
100 200 300 400
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Towards SM H — bb at LHCb (RESULTS OF Abb)

o T T T ™ T T T
=] . =} - A 3
< 25000f- LHCb Preliminary  — gqa E S 200 LHCb Preliminary  _ gaa
§ ------ mirror data § 2000 L mirror data |
& 20000F E o
15000F _ 1500 E
10000 3 1000~ ]
5000 3 500F M5 > 100 GeV 3
0 1 0ol 1 1 1
-2 0 2 2 0 2
Ay Ay

bb

Apc = (0.5 £ 0.5(stat.) & 0.5(syst.))%

]
]

®

®

Systematic errors from the flavour-tagging purity and detector asymmetry.

0,5 ~ 15 ~ 20 %, no unfolding — Migration to m,z > 100 GeV dilutes A,bfé by
few percent.

Work on-going on data driven method for mass unfolding and improved
b-tagging efficiency.

With addition of the 2012 data, a factor ~ 6 more events are expected for
myp > 100 GeV .

Capability of reconstruction di-b jets and tagging them with high purity.

LHCb-CONF-2013-001

AL (M,; > 100GeV) = (4.3%1.7(stat.)£2.4(syst.))%
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Set limits on neutral Higgs production in the forward region.
Preliminary searches of long lived exotic particles from Higgs-like boson decay.

Preliminary measurements of AbD compatible with SM.

e & 6 ¢

Tools have been developed for reconstruction of jets and b-tagging them with
good efficiency and purity.

®

Plans

@ update with full 3 fb:1
@ Evaluate Higgs — bb associated production potential.

@ LHC energy upgrade
@ 13 TeV collisions in 2015 (events more boosted forward + higher o's)
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Backup slides

Higgs production
Primary production mechanisms of Higgs bosons at the LHC

g /b
q Wiz,
q -- foya—- <:
0 7
g @ A 170N
/b
f
e Ny f
N
fW /g/ 30 0
f
f
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Backup slides

Backgrounds
q Z — 7T .
jet
v /z
jet
q all channels _+ TuTh, TeTh
q Z — | - q EWK' v
~*/Z w
L -
q TuTu, TeTh ¢+ q TuThs TeTh q TuTu, TuTe 7

1 EWK is a single hard lepton from an EWK boson and does not include Z — 77, ’ b, tt, WW
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Backup slides LHCb-CONF-2013-002

Measurement of 0,7 with inclusive final states

Selection
@ 26 pb~1at/s=7TeV, only events with one PV.
@ Partial B hadron reconstruction using 2 or 3 track seed.
@ Merging procedure.
@ Good approximation of the B hadron direction
@ Selection: events with exactly 2 seeds within 2.5 <1 < 4 and p7 > 5 GeV .
3 \ \ 3 . \ —
B asof @ LHCb Preliminary 3 B 500 () LHCb Preliminary
3 300k « Simulation 3 5 E e Simulation ]
S E fit result 3 S 100 fitresult ]
T 2F E s “UF E
£ o ; B aof ;
Ty 3 g ¢ 1
E E W 200F {
100F E b ]
sof 3 10op E
2 0 o oo o0 0 002 004
Seed resolution in ¢ [rad] Seed resolution in 6 [rad]
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Backup slides LHCb-CONF-2013-002

Measurement of o,; with inclusive final states

Results

B seeds efficiency: MC: (81.6 £0.7)% Data: (82.5+3.0)%
Global efficiency for b events 8 x 10~4, for ¢ events 1.8 x 1072,
Fraction of bb and c€ from template fit of a BDT variable.

© © ¢ ¢

Shape of the BDT cross checked with other side B — Dm and D — k7.

= R S L S o oSSV
S 300 E o pata LHCb Preliminary {. E
= £ eeeen simulated bb =
2 E simulated 8 3
E 250 E —fitresult =
200 i 22 { ndf = 79/46 7:
150 & J
100 i

E + 1

50 e E
il e vt T L]

1

e P IR A R A
-0.8 -0.6 -04 -02 0 02 04 06 08
BDTG response
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