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TRACKING
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LS1 Status

@ LS1 program achieved so far:

@ Significant consolidation of
infrastructure: powering, cooling, gas.

@ Maintainance, repair and consolidation
work for MUON, OT, ITand TT.

@ Two months delay in magnet
consolidation because of procurement
and technical difficulties - work ongoing.

@ 610 IMPACT work packages.

@ 350 visits, 4050 visitors (w-o0 open days).

@ Program for 2014:
@ Exchange of part of the RICH1 and
RICH2 HPD.
@ ECAL monitoring system exchange.
@ Continuation of MUON consolidation.
@ Reinstallation of the vacuum chamber
with lighter supports foreseen for June.

@ Conclusion:

@ The work is progressing as expected.
@ Expected to be completed in 2014 as
scheduled.

M2-M5 maintainance
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HLT splitting

Deferred trigger in 2 T —

performed in 2
40 MHz bunch crossing rate Steps: HLT1 and
v IR v R v HLT2.
LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures @ HLT2 processes
only events passing
.. HLT1: it has a lower
input rate and can
.. -
Software High Level Trigger ru n more tl me
29000 Logical CPU cores ) consuming code.
gzl;n;:‘esclﬁ:is“l{:cnon tuned to trigger
Mixture of exclusive and inclusive @ So far HLT1 and
I HLT2 run in a single
process.
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HLT splitting

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz

readout, high Et/Pr signatures

450 kHz 400 kHz 150 kHz
h* u/up e/y

: Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online
detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

12.5 kHz Rate to storage

@ Completely separate the HLT1 and HLT2 steps in 2 different processes.

@ Allows fully deferring HLT2 and perform online detector alignment/calibration
before running it.

Marco Adinolfi LHCb status report
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Computing news

Physics@LHCb

LHCb Upgrade Conclusions

@ Re-stripping of 2011 and
2012 data

@ Bug fixes and new selection
criteria added.

@ One more round foreseen
for early 2014.

Update of the Computing Models of
the WLCG and the LHC Experiments

Marco Adinolfi

Running jobs by JobType
9 Weeks from Week 38 of 2013 to Week 48 of 2013

2013-10.01 2013-10-08 2013-1015 2013-1022 2013-1025 2013-1105 2013-11-12 20131119 2013-11-26
405, Min: 10,8, Average:- 246, Current: 17.4

5% mwcr
47% W DataSwimming

04% @ MCStripping 00%
00% [ DotaReconstruction  00%
00% m=m oo%

@ Computing model updated
and new document released
with the other experiments.
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LHCDb physics output

SN

Physics publicatio L s /r/
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250
70 W papers % - g
60 M confs E Iy
g
50 2 200
=
a0 5
=
30 B
2
20 £ 10
=1
10 2
s
]
E
2010 2011 2012 2013 3 100
8
year of submission
161 papers in total.
o’

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
01 oL 01 01 o0l o0l oI 0L o0l 01 01 01
date
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Recent LHCb papers

Measurement of D9—DP mixing parameters and search for CP violation ~ arXiv:1309.6534
using D° — K*+7— decays

Observation of BO) — J/¢f(1285) decays and measurement of the  arXiv:1310.2145

(s

f1(1285) mixing angle

Search for the decay D° — ntn—ppu— arXiv:1310.2535

Search for the doubly charmed baryon =/, arXiv:1310.2538

Measurement of CP violation in the phase space of Bf — KTK—n=  arXiv:1310.4740
and BT — 7tx~ =+ decays

Measurements of indirect CP asymmetries in D° — K~ K+ and D° —  arXiv:1310.7201
m~ 7T decays

Search for CP violation in the decay D™ — m—# T n+ arXiv:1310.7953
Study of forward Z+jet production in pp collisions at /s = 7 TeV arXiv:1310.8197
Studies of beauty baryon decays to D%ph— and Al h— final states arXiv:1311.4823

Marco Adinolfi LHCb status report 12/37
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Measurement of D°-D° mixing parameters ...

Exploit the interference between mixing and doubly-Cabibbo
suppressed decay amplitudes.

D*+ = DO+ m/x> Do DCS* right-sign events D*+ = DO+ mrx) D° % wrong-sign events
., DO oF K-+ ~— DO DCS K
\_/ S POo -7

Assuming the mixing parameters |x|, |y| < 1 and no CP violation:

12 12
Rty = Must) _ g Ry XY
Ngs(t) 4

where x’ and y’ are a linear combination of x and y.

Marco Adinolfi LHCb status report 13/37
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Measurement of D°-D° mixing parameters ...

Right-sign ~ 54M

Wrong-sign ~ 228k

o
LHch - Daa

@ —Ft

. Background

Candidates/ (0.1 MeV/c?)

o

EE
M(0°re) [Gevic]

Most systematics cancel in the ratio, remaining accounted for in the
time dependent fit.

oF @ 3 oS LH‘Cb (‘a} CP\/‘aIIcwve‘d ] (b)‘ Nodu"ectCPV [, ‘ (c)‘NcCP\‘/ ]
i g
< &£ ] 5%

n B j of —esasct 1 --DesawcL
— —D968.3%CL —D°68.3%CL
2 721’\7!’]";»‘5‘;}’[ oy 2102 Y 62 9102 R TR T
= Nocry 4 X*[107
ol © | E @ 0.75 < |g/p| < 1.23 at 68.3% confidence level.
; i T @ Most precise determination from a single experiment.
= -02F | . . .
) * et @ No evidence of CP violation found.
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Impact of LHCb results
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Search for CP violation in the decay Dt — n 77

@ 3-body decays have rich resonance structures with interfering amplitudes
modulated by strong-phase variations across the phase-space.

@ Search of localized asymmetries can provide information on CPV.
@ Study the Cabibbo suppressed D — 7w~ w7 decay.
@ Use D — n—=*xt as control channel.

Binned method Unbinned method
Measure the significance S&F, of the difference kNN nearest neighbor to compare D+
of D and D~ in bins of the Dalitz plot. and D~ Dalitz plot distributions.

@ Data selection common to both methods.
@ Analysis carried out on 1o~ data.

Marco Adinolfi LHCb status report 16/37
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Search for CP violation in the decay Dt — n 77

N T TerCs lls00 T 3F LHCH llso0
o T
b | . CIR1 600
. S .
6 400 2 1400
1sE | I A 1| el A
3 = 200 - 200
0.5F 0 05 1 1.5 0 0 05 1 1.5 0
0 Siow [GeVH] Siow [GeVet]
0 0.5 1
;\gloo T T T T T TLhch
N ! . '
g 5 Swfbl " o
- = 1 |
15 LHCb = wf e . L. °
e =} . o
4 ; wf | ¢« e E
A4 o i .
20F | | 1
1 | |
0 7‘4 7‘2 6 2 4l 0 RO‘R\.R2.RJ.RJI.RSr.R4.R5.R6.R7.F1 .PZIPJ
S Regions
@ In absence of Iocalizgd aslym‘meTries @ kNN method applied with 2 possible
Scp follows a Gaussian distribution. region definitions.
@ CPV can be detected as a deviation. @ The p-values for the CPV hypothesis
@ All results show statistical agreement are all above 20% consistent with no
between the D and D~ samples. CP asymmetry.
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Measurement of CPV in the phase space of
B* - KTK o+

.

Candidates / (0.01 Gev/c)
N w8
8 8

g

b B OB NS
51 52 53 54 55 51 52 53 54 55 51 52 53 54 55 53 54 55
My [GOVIC] My [GOVICT My [GEVICT M [GOVICT

1.0fb~" from 2011.

N(rmm) = 4904 £ 148 Araw = 0.124 4+ 0.020
N(KKm) = 1870 & 133 Araw = —0.143 £ 0.040
ACP = Araw - AD - A

Ap(B*) measured from B+ — Jjp K+

Ap previously measured by LHCb: PLB713 (2012) 186

Acp(nmm) = 0.117 £ 0.021(stat) + 0.009(sys) + 0.007(J/k K) 4.9¢
Acp(KKT) = —0.141 + 0.040(stat) + 0.018(sys) + 0.007(J/ K) 3.2¢
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Measurement of CPV in the phase space of
B* - KTK—n*...

T

3
2 5

B - nta—nt BT - KTK—rn*

Candidates/ (001 GV/c?)

My [GEVIE] My [GEVIE]

s 'S resonant contribution strongly
suppressed for B — KtK—7*.

Asymmetries not uniformly
distributed.

A very large negative asymmetry is
localized in the low Kt K~ invariant

mass region: mé, < 1.5Gev?/ct.

A large positive asymmetry is
measured for m?_ < 0.4 GeV?/c*

Trlow

2 2/ 04 .
M hign > 15 GeV/c*

Acp(rrlocal) = 0.584 + 0.082(stat) = 0.027(sys) + 0.007(J/v K)
Acp(KK local) = —0.648 = 0.070(stat) + 0.013(sys) = 0.007(J/v K)

@ Evidence of large direct CP violation observed.

@ Interference between intermediate states does not seem to justify the results for

B — KtK— 7+,

Marco Adinolfi
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Observation of BOS — J/1f(1285) ...

Large sample of B )~ Jipwrrm identified in 3fb~" data.

8
3

2

2

Ny = 1197 £ 41
Npgo = 836 + 39

Combinations / (4 MeV)

n A SN h
5200 5300 5400 5500
mJypatrata) [MeV]

@ Clear signals at 1285 MeV/c? with structure at higher mass.
@ Angular distribution of J/ studied to probe the spin of the four-pion state

100

o
3

T

E () LHCb
80 =

IS

40

Candidates / (25 MeV)
3

Candidates’/ (25 MeV)
8

20

15 2 05 s
m(trr ) [GeV] m(rtt n) [GeV1
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Observation of BY) — J/4f;(1285)...

Conclusions

Ngcs; =110.2+15.0 7.60 Ngo =49.2+£29.5 540

1 2 3 = 7154 15
m@') [GeV] m@@' ) [GeV]

. T
E (b LHCb

Candidates / (10 MeV)
Candidates / (10 MeV)

First observation of f;(1285) in b-hadron decays.

B(BY—J/p ,(1285)) +0.29
B(ESQTW =(3.82£0.52755)%
B(B° >/ £;(1285)) _

0,
BB oo eTa) (2.32 £ 0.54 £0.11)%
B(B° > J/p f,(1285)) _ +0.7 yo,
B(Ega.}/wfl(1285)) = (116 £3.17075)%

Assuming f;(1285) is a mixed g q state the mixing angle ® is measured:

|1,(1285)) = cos & _sinolss) ;@ = £(24.07547%5)°

Marco Adinolfi LHCb status report 21/37
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Studies of beauty baryon decays...

Conclusions

@ Study A7, AfK—, D°pr—, and D°pK~ spectra.

@ Measure yields of =, and A, both in Cabibbo favored and
Cabibbo suppressed channels:

+
AV AN
'n T <
% 12000 P s swp
2 2 800f
510000 S 700
7 8000 B 7 600p
8 %
g £ 500f
El 6000 ] S 400F
g g
S 4000 3 S 300f
2000 200F
- 1008
o v |
5400 5500 5600 5700 5800 5900
M(AIT) [MeV/c?]

T
LHCb

4005500 5600 5700 3800 5900

M(AIK) [MeV/c?]
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Studies of beauty baryon decays...

@ Efficiency calculated separately for selection, PID and
phase-space.

@ PID efficiency is data driven as much as possible, remaining
components measured from simulation

D°pr Dalitz plots

i " " o
o ouf LHCh 1 T © Task
& f {1 &uf &
= = = F
10 e 3 (N
g B = 3
El =9 Lz
=1 = sf = F
*F [.‘_ LsF
R . : & " . " "
n 15 0 25 an . B ES a ||n 15 0 25 an
MADp) [GeV et MDD ) [Gev et MDD [GeV el

@ Non zero spin particles involved in initial and final states.
@ Angular corrections found to be negligible.
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Studies of beauty baryon decays...

Candidates / (10 MeV/c?)

@ First observation of =, — D°pK~ and of
Ap — DO,OK_

@ m=, — my, = 174.8 £ 2.4 + 0.5MeV/c?

@ mz, =5794.3 +2.4 £ 0.7MeV/c?

L L1 I Lo -
51005500 5600 5700 5800 3900
M(DpK ) [MeV/c?]

_ B{A) = D°pr ) x B(D" — K 7%)

Ry = BAD o ATn-) x B(AT o pK-m) — 0806 = 0.0023 £ 0.0035,
ﬁ—om 0.008 2955
b ) ‘
B(A? — 4 1 1\ )
= = 0.0731 = 0.0016 = 0.0016,
BT = ATz) = 007310001 16
: — D'pK™) ,
Ry = T X B = DOpK) ~ 0.44 = 0.09 = 0.06,
(20 — ATK~) x B(Af — pK~7*
LB P ALKT) X BUL S PKT) 702901,

T B(EI > DpK ) x BD' -+ K 77)
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Why an upgrade?

Expected precisions on several Heavy Flavour related quantities from ECFA workshop,

Aix-les-Bain Octobr 2013. J
2 from B — K*It/— &5 from BS — & and
() s
BY — Jhpd
:: j:::: | conervative
e S )
v

Ve

LHCb upgrade more sensitive than competition for key flavour physics observables

J

26/37
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LHCb Upgrade

@ 40 MHz readout with software base trigger running on a PC

@ Luminosity: 2 x 103¥cm—2s~"
farm.

Marco Adinolfi LHCb status report 27/37
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LHCb Upgrade TDR’s

CERV/LNCE 2013021
S LHCh TOR 13
JJJJJJJJJJJJ

UPGRAD
CHEb
Particlelldentification

Technical Design Report
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RICH optical design

(mm)

1000 1500 2000 2 (mm

@ Overall structure still based on 2 detectors

@ Remove aerogel from RICH 1 = reduced maximum ring size and increase of
Cherenkov photons by about 15%.

@ Focal length of spherical mirrors increased by a ~ v/2 = halved occupancy
and reduced aberration.

@ Distance between spherical and plane mirrors also increased —> further
increase in Cherenkov photons.

@ Tilt of spherical mirrors reduced =—> reduced aberration.

Marco Adinolfi LHCb status report 29/37
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RICH PD & performance

@ Baseline R11265 Hamamatsu MaPMT.
@ 8 x 8 pixel, 26.2 mm square device.

i = Black :Lumi4 current geometry
5 4 Blue :Lumil0 current geometry
§107 + Red :Lumi20 current geometry
@ 39 x 1032 cm*2s’1 current geometry o "F e Green :Lumi20 upgraded geometry
. gL
@ 10.0 x 1022 cm 25~ current geometry <
@ 20.0 x 10%2cm 25~ current geometry
@ 20.0 x 10%2cm—2s~ ! updated geometry I
i = 7 75 80 85 :

90 95 100
Kaon ID Efficiency / %
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Calorimeter

@ Maintain the same photo-multipliers: reduce gain by factor 5 to increase their
lifetime.

@ Change in electronics to compensate the reduced gain.

@ Degradation with radiation will require replacement of the innermost part of
ECAL.

Photon efficiency for various luminosities

0.9
0.8F
0.7
0.6
0.5
0.4F
03
0.2F
0.1 E

@ Remove SPD and PS.
@ Pile-up
@ — change in reconstruction.

Background retention

TP TV TP T TR TOR
0.2 0.3 04 05 06 0.7 08 09
Signal efficiency

0.
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MUON

@ New off-detector electronics with 40 MHz readout.

@ Removal of station M1.

@ Additional shielding around the beam pipe in front of M2.

@ Change in identification algorithm needed to recover increased misidentification.

w id. efficiency w misidentification

= L =
8 10sF £ S E
S E MuoniD efficiency at 2><1033 cm2st, (=14 Tev 3 > E
s 1 E =1t v n E
= E —_— . ] :§ 1 201219 E
‘© 0.95F T T T e — S . -k L=20%em s Isvuon E
09 E i e | —e— ] g A Lo s o4 ]
f E z 3
0.85F { = E
E 1 < E
08F v 2012 conditions: 4 x 10¥ cm?s%,50ns, 5=8Tev  — E . E
E N Upgrade conditions: 2x10% cm? s, 25ns, {5=14Tev B M, o, 2 -3
0.75 E = Upgrade conditionsand DLL_>-4 = 40000

0761 w s ] p (MeV/c)

’ 0 20000 40000 60000 o

p (MeV/c)
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VELO requirements

Physics performance
@ Fast and robust reconstruction with excellent IP resolution at
20.0 x 1082 cm—25~1.

@ First measured point as close as possible to interaction point: = as close to the
beam as 4+ 5.1 mm.

@ Material in acceptance kept at minimum.
@ Geometric acceptance > 99% for track within 20, = 126 mm.

Sensors

@ Hottest sensor exposed to fluence of
8 x 10'51 MeVneqem =2 after 50 fb~'.

@ Must be able to withstand 1000 V.
@ Will be kept at < -20 °C.

v

ASIC

@ Output rate up to 15.1 Gbit/s.
@ Power consumption < 3 W.

Marco Adinolfi LHCb status report 33/37
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Physics@LHCb

LHCb Upgrade

Conclusions

VELO performance: pattern recognition

@ B - K*0utu~ eventsat £ =20.0 x 1032 cm—2s~1.
@ Improved efficiency and ghost rate compared to current VELO.

@ Flatter efficiency over p, pr, 1, ¢...
@ Comparison between current (black) and upgraded (red).

Efficiency vs. pr

Efficiency vs. 7

Efficiency vs. ¢

T T ; T ;
gl.O*. e Lt L L gl.o— Pt L] g‘l.o‘ et -
'S T sarepstoyd 5 [+ T B
m I i} ° i} c. i
t . A
09+ 5 g 091 4 oo~ g
o .
T e
LHCb simulation 4 LHCbs‘muIatioan LHCb simulation
0.8 Il Il 0.8 Il Il Il Il 0.8 Il Il Il
0 1000 2000 3000 2 3 4 5 -100 0 100
p, [Mevic] n @ [degree]
o v ”
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LHCb Upgrade

Conclusions

VELO performance: primary vertex and IP

@ BY » K*Out;~ events at £ =20.0 x 1032 cm—2s~".

@ PV and IP resolution after full reconstruction.

@ Intercept of IP resolution vs 1/pr similar for current (black) and
upgraded (red). Slope reduced significantly.

PV resolution in X

= 30— T
E L
= LHCb simulation
= 25F B
S
% 20F + 3
_ -+ -
% 15k T,
pof  E, ]
; 7"¢+"‘ﬁ:‘: 4 |+
5 RERRES"
G‘I“‘l“‘l“‘l“‘l
20 40 60 80 100
Number of tracks
o
Marco Adinolfi

IP resolution

—100———

g 80

= 70

T

= 90F  LHcb simulation 3

i E——

2 3
Up, [Gev]

o’
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Conclusions

@ LHCb continues to produce a wealth of high-quality physics
results.

@ Full dataset of 3 fo~" not yet fully exploited.
@ At the same time work is in progress to prepare for Run 2.

@ VELO and PID TDR submitted to LHCC: major milestones on
upgrade for achieved.
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