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¢ Brief summary of LHCb papers submitted since March.

** LS1 activities

** Preparation for Run 2.

¢ Looking forward to Run 3.
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The LHCb physics program has been expanding rapidly over the past few
years and now includes vibrant activity in exotic spectroscopy, pA collisions,
and many other areas that were not part of our original “road map”.

We have submitted 17 papers for publication since the previous LHCC
meeting in March. First | will summarize (some of) these recent results ...



Rare & CP-Violating Decays

Excellent laboratories to search for BSM by performing precision tests of the
SM. Many of these “indirect” searches are sensitive to mass scales higher
than has been accessible to date in “direct” searches.



The b—s penguin decays are sensitive to BSM contributions in the loop:

Rates @ large g2 lower than SM. Some authors
explain this as a ~5 TeV Z’ ... but could also be

B, q unexpected QCD effect. updated to 3/fb
Decay mode Measurement lPrediction

Bt— K*tutp~ |85+03+04] 10.74+1.2

B KOy~ |67£114£04] 984 1.0

Bt — K*putp~ 158 132411 26.84 3.6

expect update soon

Several important measurements still to be updated to 3/fb so experimental
picture will become shaper soon. Hopefully theory picture does as well.
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The b—s penguin decays are sensitive to BSM contributions in the loop:

—--2011 -v-2012

<’_‘ 1_ vl | L DL L L L DL
- LHCb B—=Ku'u
0.5F -
1] e o =f= -------------------------- -
0.5 —j: + -
-1 I T S B R
0 5 10 15 20

q> [GeV?%/ 4]

New isospin asymmetry results are consistent with the SM (they are also
consistent with our previous results) as are angular observables in LHCb-
PAPER-2014-007 (K*uM updated angular observables soon).
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The b—s penguin decays are sensitive to BSM contributions in the loop:
LHCb-PAPER-2014-024 (upcoming)

——[LHCb —e-BaBar ——Belle
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Ry = 0.74510 094 (stat) & 0.036(sys)

Expect something very close to one in the SM (result about 2.50 away).
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CP violation in D% decays tagged in semileptonic B decays:
2011+2012 LHCDb data
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W 160F LHCb ERRCEY LHCb E
> g (8) 35 (b
) - -o—- Data - ) 50 :_ -eo— Data —:
E 120 — Total — E - — Total -
— 1005_ ---- Signal 3 : 40 - ---- Signal E
= : B Comb.bkg. 31 — - B Comb. bkg. 1
»n  S0F ~ 30 0 gy
2 - 7 - BD—->Kn
,‘15 60 - § 20F
'c% 40F g
O  20L 8 10
0 0
1850 1900 1800 1850 1900
M(K K*) [MeV/c?] M(m ntt) [MeV/c?]

AAcp = Acp(K~ K1) — Acp(n~n™) = (4+0.14 4 0.16 (stat) 4= 0.08 (syst))% .
Acp(K~K™) = (—0.06 & 0.15 (stat) £ 0.10 (syst)) %
Acp(m~m") = (—0.20 £ 0.19 (stat) & 0.10 (syst))%

LHCDb results are the most precise to date and show no significant evidence of
CP violation (consistent with SM expectations).
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LHCb-PAPER-2014-013 ({65

Summary of the World’s data:
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Precision measurement of the Bs mixing phase ¢s using Bs—J/Wrt

2011+2012 data
A time-dependent amplitude == CET LHCb
analysis is used to determine ¢ A3 :
y s e [50-06 3
- -< Z120.04 E
b W+ 5 :
BY t,c,u yicu B, .
s W= b
-
B T Y T S
BSM? Decay time modulo 21/ Am, (ps)

Obtain ¢s = 70+68+8 mrad which is the most precise for this decay mode, c.f.
ds = 70£90+10 mrad from 1/fb of Bs—J/WKK (SM: -36.3+1.6 mrad).
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Production Measurements

Useful for testing fragmentation, hadronization and for improving MC
generators. Production quantities often required as input for BSM searches.
LHCDb is now also studying cold nuclear matter effects in p-Pb.



il LHCb-PAPER-2013-067

Theoretical models fail to reproduce both the cross section and polarization of
heavy quarkonium at hadron colliders.

2011 LHCDb data: ¢(2S) polarization
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LHCDb results (small polarization everywhere) do not agree with theory.
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Study of kinematic dependence of beauty baryon production:

2011 LHCb data

! f \'@ 0 7 f ! ! ! ! | ! ! ! ! | ! ! ! ! ]_.
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These are the most precise measurements to date of the PT and n
dependence of b-baryon production.
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LHCb-PAPER-2014-015 _ (§{{ig

Study of cold nuclear matter effects in p-Pb collisions:

LT
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LHCDb results agree with theory predictions.
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Properties of Beauty Hadrons

Tests of non-perturbative QCD and QCD factorization. Hadron masses and
lifetimes are important inputs to QCD models, which in turn are important for
BSM searches.



i LHCb-PAPER-2014-002 (5

First observation of decays of beauty baryons into pairs of charm hadrons:

2011+2012 LHCb data: Ap—=AcDgs)
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= Ay— =% Dg = 100 0 i i ]
To) o L — * -
\: -A8_> A: D; - i .Ab ACD + ZCD ]
é i l! % LA~ A KK : 3 ! A) — AID;
% 500 [ Combinatorial _ é sol ] combinatorial
= oo /| c
© 1 S
0 0
5400 5600 5800 5400 5500 5600 5700 5800 5900
A} D Mass [MeV/c?] A D Mass [MeV/c?]

Most precise measurement of any beauty baryon mass (also improves other b
baryon masses measured relative to Ab). Also measured several decay rate
ratios useful for testing QCD factorization (results agree with factorization).
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Precision studies of the
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Exotic Spectroscopy

“Baryons can now be constructed from quarks using the combinations gqq,
gqqqq, etc, while mesons are made out of qq, gqqq, etc.” --Gell Mann. QCD
phenomenology is still not well understood 50 years later.



The ratio I'(X—=@(2S5)Y)/T'(X—J/PY) is a good probe of the internal structure of
the exotic X(3872) particle.

201142012 LHCb data

BaBar 2009
¢ ' M(X) = 3871.68+0.17 MeV
Belle 2011 M(D*)+M(D)=3871.85+0.20 MeV.
P

. LHCb Preliminary

prediction for pure DD* model

.
predictions for admixture of cc and DD*
/S LSS IS LSS S SIS ST S S S S S SSSSSASSS 7
L A ' 1 l Ll L ' l L L 1 L l 1 ) — | l L A ' L l ' 1 Al l L A ' L
0 1 2 3 4 5 6 R 7
Wy

LHCb result rules out the pure D*D molecule interpretation. Unlikely to be a
tetraquark (where charged partners?), most likely cc + molecule/cusp.

————
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The Z(4430) state was flrst seen by Belle but not conflrmed by BaBar
manifestly exotic quark content ...

but is it a particle?

It has

2011+2012 LHCb data (12x stats of Belle and BaBar)
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particle.

Net quark content (and charge) rules

out cc, JF rules out cusp ...

4-quark!
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Major harvest of four-leaf clover

The LHCD Collaboration at CERN has just confirmed the unambiguous observation of a very exotic state,
something that looks strangely like a particle being made of four quarks. As exotic as it might be, this
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particle is sternly called Z(4430)", which gives its mass at 4430 MeV, roughly four times heavier than a
proton, and indicates it is has a negative electric charge. The letter Z shows that it belongs to a strange LABORATORIES
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The Large Hadron Collider beauty collaboration has confirmed the existence
of exotic hadron with two quarks, two anti-quarks.

“The last time they fired it up, it was almost openining dimensional portals
like a stargate! There were reports that people were seen coming in and out
of different dimensions!” —Hagmann and Hagmann Report
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imi__ LHCb-PAPER-2014-012 {5

Use relative rates of B decays to study internal structure of light-quark states:

4-D amplitude analysis projection:

§ 1400 1 T T NS
2 1200f LHCb ° Dot :
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\O B KS | Blagcnka;round -
: C - — - p(770 ]
= 1000 - X ?0((500)) :
— - A\ -=. £,(1270) i
. 800 f \: - - - (782) —
= - | G —— p(1450) -
S 600 I \ — p(1700) _
= - f \'_ ----- Ks i
= 5 f 5
= 400 (i N 3
'g _ '.'7 } \“‘ ]
8 200 i) S\ -
U . “‘I‘:\“’a‘;ﬂ‘ s - _.' L NUTTITTTIITITEY NIRRT Arn ) -
0 i PR T W 1 ST oo ke O %

0.5 1 1.5 2
m(rt') [GeV]

rf = (1.1732580) x 1072 < 0.098 at 90% C.L

LHCDb results rule out the simple tetraquark picture r=1/2 is expected.

—

"LHCb | 23

Mike Williams



Run 2 & 3 Preparation



» Consolidation work on MUON and CALOs in progress.

RICH 2 A side: some HPDs replaced

RMS back in place

Maintenance of mechanics (detector movement) and detector alignment
Preparation for Upgrade: installation of optical link from Detector to Surface
Herschel counter installation in the tunnel: in progress

Dipole magnet tested to nominal current

LSl program progressmg weII and LHCb will be ready for startup in Jan 2015
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Optical link for LHCb upgrade
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LHCb trigger works amazingly well, but the hardware stage is inefficient for
many decays and only gets worse at higher luminosity.

hardware trigger efficiency for hadronic
decays in upgrade conditions

P 1 1oQs N ' ' l T
LHCDb Upgrade: .é 1:_LHCb Simulation : é ; . joswns -
= vlev B
) G CV)Q v v
** Run at 5X Run 1 Lumi. = ¢V

% Opc ~2X higher @ 14 TeV.

v B‘O)—>Kn
O B0—>DD i
e B;— 00 _
o DO—>KB( |
v D - Krn
1 I 1 1 1 1 I 1
20 30

LLT-hadron rate (MHz)

Detector upgrade to allow triggerless readout and a full-software trigger.

————
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Trigger

===
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Triggerless readout & full software trigger:
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full reconstruction
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Run Ill Online D

“Natural” evolution of the current LHCb online system:

. o

Detector front-end electronics = LN
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500 Eventbuilder PCs (software LLT)

QRN S

Eventbuilder network
[

subfarm subfarm
switch ‘~~~ - switch
M S ,—” J
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~ . -
L * Online v _ W
storage

Eventfilter Farm
~ 80 subfarms

Point 8 surface

Most cost-effective solution is to move everything to surface.
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Inclusive b-hadron trigger efficiencies for the upgrade:

B — K[K'luw B* — DK [ lrn]K*
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o2k 1 ¢ {LHCb | oz : _

i i Simulation - S B i Simulation |
O ——20 2060 80 —d00 0 20 40 60 80 100
TOPO Rate [kHz] TOPO Rate [kHz]

total trigger efficiency

Full software trigger also allows non-lifetime-biasing, exclusive beauty and
charm, inclusive di-muon, EW, ... flexibility!

———
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CERN/LHCC 2014-016

LHCb LHCb TDR 16

Q [>X

LHCb o
liciooen and Online

The final LHCb Upgrade TDR
delivered to the LHCC on May 22.

Proposal for a triggerless readout
followed by a full software trigger!
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CERN/LHCC 2013-022
LHCb TDR 14
‘ 28 November 2013

LHCB‘
Pa gt‘cle dentification

The full-software trigger is only
made possible by the shared
vision implemented in all LHCb
subdetector TDRs.

— 8

CERN/LHCC 2014-001
LHCb TDR 15
21 February 2014

TR E:

We are still churning out Run 1 Thigger and online

results. Run 2 prep work is
progressing nicely and Run 3
TDRs are done ... the future is |
bright @ LHCb. |






LHCb-PAPER-2014-007 (g

The b—s penguin decays are sensitive to BSM contributions in the loop:

2011+2012 LHCb data

a 0-2_' AL LA B AL B [ s LT,I 0.54_- e L e B e B I
< LHCb : : LHCb -
0.1f I I 4F -

I T | ) — 5

of T '=l 1T | - 4] 5' _F
o AT o _5

¢* [GeV?/c] g2 [GeVY/c4]

B—-Kuu angular analysis results are consistent with the SM. These
measurements place strong constraints on BSM (pseudo)scalar and tensor
amplitudes (the latter were previously poorly constrained).
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The b—s penguin decays are sensitive to BSM contributions in the loop:

2011 LHCb data: B9— ¢pK*

:\1.\103: T [ T T T T T T
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) + p=
BSM* W =
- 10°E —
b < 5 g
o
¢ 5
g 4
0 < S O 104 . =
w7 & +
5 R Al b AR TS, o 0.6
K*O : I o
d > d e { {
:I"‘ | | | | | | I."I“‘ | |l_‘| | | | | 11,11

5200 5300 5400 5500 5600
My i IMeV/c?]

5-D angular analysis performed

LHCb most precise polarization amplitude, strong phase difference and CP
violation measurements. Results consistent with SM expectations.
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Decays of the type B)—J/WKshh®) (h=m,K) can be used to test isospin
symmetry in exotic spectroscopy.

2011 LHCb data

S 200 <
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LHCDb results contain 2 first observations, along with several other “most
precise” results. No evidence for any exotic hadrons (need more stats).
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LHCb-PAPER-2014-009 ({65

The Bc is the only known bc meson. Much still to learn about it.

2011+2012 LHCb data
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B(Bf — JAb3m2m)
B (Bf — JAbm)

— 1.74 +0.44 + 0.24

LHCD results agree with expectations assuming factorization.
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