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The LHCDb detector

» Precision measurements in the beauty and charm quark sectors

- Study of CP violation, rare decays
- discovery of new states, indirect search for new physics beyond the standard model

* LHCDb is a single-arm spectrometer

- 4% of the solid angle ATLAS & CMS
- 30% of the heavy quarks cross-section production at LHC region |n| < 2.5
LHCDb
region
2<n<5>

10 + 250 mrad
I
'10 —300:mrad
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The LHCDb detector
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The calorimeter system
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SPD, PS

The calorimeter system




The calorimeter system: ECAL, HCAL

| _Middle ‘
region |
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LHCDb trigger

 LO trigger

40 MHz bunch crossing rate

— first level trigger of LHCb
> O - 99

- 4us latency at 40MHz

L0 Hardware Trigger : 1 MHZ
readout, high Er/Pr signatures - Apply selection cuts

450 kHz 400 kHz » Et(yle) > 2.7 GeV
- h/uw . Et(h) > 3.6 GeV
* Pt(n) > 1.4 GeV

. « HLT : software trigger
29000 Logical CPU cores

Offline reconstruction tuned to - 300k tasks in paraIIeI
trigger time constraints
— More than 1500 nodes

[ software High Level Trigger

Mixture of exclusive and inclusive

\___Selection algorithms / ° Storage . 5kHZ
5 kHZ Rate to storage « Combined efﬁCienCy

— 0
2 kHz 2 kHz S 90% for muon channels

Inclusive/

RN ) s | R - 30% for multi-hadronic final states

Topological DiMuon
P g Charm

r
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LHCDb operation

LHCb Integrated Luminosity

g Integrated LHCb Efficiency breakdown in 2012 ]
s ¥ 2012 |8 TeV | 2.1 fb TR e(operation)>94%
g 2 - 0.54 (% ~080° |
12011 [7Tev 1.1 st 98% are good data!
% 1.8 I DAQ: 2.15 (%)
3 | 2010 |7 TeV | 0.038 fb Y
R S — o A W W
[T N B DS 0~ N Y S B Detectors all with >~99% active channels
0.8 E_ ..................... ST, RO - - SO RS e et S AU ||
0.6 o B c _
LIRS P N PPN SRS NS R SO § LHC Fill 2651
B : ; : : : : 8
0.2 i W Al S SO S s e S =
et . 20100 2
01/ 01/05 31/05 30/06 30/07 29/08 28/09 2810 27 2712 E
Date S
Semi-continuous (automatic) adjustment of offset o’ |
of colliding beams allows luminosity to be levelled : 15 h!
| LHCb
“Separation plane” 4x1(Q320m-2s-1 W
Design: L Luminesity potential extausted
2x1Q32om-2s-1 = Beams head-on
102_....I...|I||||I....I.. el

TR I B T W
0 23 § 1.5 10 125 15 173 20
Physics [h)

4 times more collisions per crossing than in the design
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Calorimeter system geometry

T e * 40MHz trigger on energetic e, no, v, h
570 s | | i_ C « Distance to IP ~13m
\E\ zj j}_,a_—: » Solid angle coverage 300 x 250mrad
L '31 —— t * Four sub-detectors:
—Til; (=) - B = E:: E:
ELE B~ - SPD, PS, ECAL, HCAL
L{i &
QE | i YT  Independently retractable halves
n ' X~8{5m _
—— % '::!t:-- e s o ey « Granularity :
Beam m% | —
- ; : - SPD, PS, ECAL : 6016 cells with 3 sizes
| . 4x4, 6x6, 12x12 cm2 (2 zones for HCAL)
! -
H‘EE—-JL L : % y
H = || 120 mm
Ney cimmiiliinEas
% | /oo
N e — I
7 Rk
- Z~27m
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Calorimeter system

- 40MHz trigger on energetic e no, vy, h

Distance to IP ~13m

Solid angle coverage 300x250mrad

Four sub-detectors: SPD, PRS, ECAL,
HCAL

Independently retractable halfes

Granularity :

- PRS, ECAL, HCAL : 6016 cells with 3 sizeS
e 4x4, 6x6, 12x12 cmz2

Detection

- Sandwich of scintillator/lead (iron for HCAL)

- WLS are used to collect the light and to
propagate it to photomultipliers

 MAPMT for the SPD/PS

ERLAL | 4
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Scintillating Pad Detector - Preshower

Scintillator pads

- 2.5 X0 lead

- 15mm thick

- Light collected by WLS

Signal read by 64 channel
MAPMT

Average light yield

- 20 pe/mip
« SPD
- 1 bit
« PS
- 10 bits
— Dynamic range 0 - 100mip
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» Electromagnetic calorimeter
- 66 layers

e 2mm Pb, 4mm scintillator
- Light collected by WLS
- Moliere radius ~ 3.5cm
- Longitudinal size
o 25 X0
:::;egcens: O
- Average light yield :

Middle - 3000 pe/GeV
1 - Dynamic range ~12 GeV (Et)

(A - Energy resolution (test beam)

3 —
=
=
D -
.
il |
=
-
I‘
=
==
ER;
sy
—

o(E) 10%

—197% 50.9%
E ~ JVE °

3312 shashlik modules with 25 X0 Pb
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HCAL

_smweeswnase | e Hadronic calorimeter

- 26x2 modules

g ]
IIIII!IIIIII||||||l|||||||||||||||||||||muuumnm||||J||_|‘|n'|iir|‘|]mmg, ;

— Interleaved scintillator and iron
plates

— Parallel to the beam axis

| I Illﬁ Ilml-mm: e

-  Fe:Sc =5.58:1
F - Longitudinal size
« 5.6 A,

- Average light yield ~ 105pe/GeV
- Dynamic range ~15/ 30 GeV

- Energy resolution (test beam)
o(E) (69%+5)%

E VE
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Calorimeter particle identification

« PS / SPD for LO electron/photon trigger

- Electron/photon separation from SPD
- Photon/mip separation PS
- Charge multiplicity given by the SPD

SPD/PS/ECAL/HCAL SPD 38x,PS ECAL HCAL
in coincidence a1 EEI
SPD PS

ECAL HCAL

. ECAL « HCAL
_ . - Et of hadrons for LO,
Et of electrons, photons, w0 for LO trigger SEt for LO trigger

- Offline reconstruction of mo and photons (~ 500 MHz out of the 1MHz
- Particle identification bandwidth of the LO)

" Y-
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Calibration : SPD

« SPD (LHCb-PUB-2011-24)

- Threshold set at 0.5 mip

- Binary detector
* No straight mip calibration

~95% efficie
for MIPs

nt

» Tracks are extrapolated to the SPD

)
Q

« Collect data at different thresholds ~ § ~

0.8

\ SPD efficiency as a

- Get mip efficiency by comparing with

\ function,of threshQld..

\ E MIP = 2.35 MeV

theoretical value 0-6;

0.4

e= Landau X Poisson

0.2

Energy loss Fluctuations of the npe L W
at the photocathode
__#of SPD hits

Precision on the mip position better than 5%
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Calibration : Preshower

e Preshower
- Mip signal set at ~10 ADC counts (~1mip)

« Use extrapolation of the tracks to the PS

* Mip signal is fitted (Landau ® Gauss for statistical resolution)
and fixed to a given number of photoelectrons

- 5% precision level

MPY Segtinedxolddale 44 Bx (Inner) A side MPpY osnedxodoen o 44 Bx  (Middle) A side MPY oo sommosss Odd Bx (Outer) A side
) LIS L L B L ) O NI LI B ) L B I e L L B B O | o (TT T[T T T[T T T[T T T[T T T[T T T[T T T [TT T [ TTT[TT]
2001~ Entries 768 e F Entries 86 ] T:’250- Entri 1304
E f . " 3 160 . - E L ..
(__:':180_— H 1087 u o 0031' %2/ ndt 51.077/47 — (._:“; :IJ. 1041 + OO 22/ ndf 43.018/47 g C H 1058 + OO / ndf 18.214/16
F 3 140— — 200 -
E . Prob 31659 ] E~. J . 0.3
e 0:0.83 £0.02 " e ro: 0.90 £ 0.02 ; - 0:0.93+0.02 .
140 Constant  147.91 +6.54 J 120 Constant 158.63 +6.49 C Constant 2269+76
Mean 10871 £0.030 - Mean 10.408 0,030 | » Mean 10.582 +0.026
120 s = 100~ ; - 1501~ ; -
igma  0.8286 +0.0211 o Sigma  0.90135 £0.02120 Sigma  0.93286 +0.01824
100 - 80— = L ]
80 — F ] 100— -
60— —] C ]
60 5 ] r
ao0f- 3 -
40— = ] 50— —
20— - 20— 3 -
0 i I [ T FTETE IR ol L L 1y M IR i PRI P G_' ] | Ll M I
0 2 4 6 8 10 12 Lgbalnwlgldeain18 20 (V] 2 4 6 8 10 12 15- ggggg 1(‘:5' ddddd 18 20 0 2 4 6 8 10 12 ‘A'!Sgained‘)‘(gl ddddd 18 20
MPV201I|)314-20110503 Odd Bx MPV2011|)314-20110503 Odd Bx MPVZ“T"ITIA—ZU‘“]ED:’ Odd Bx

INNER MIDDLE OUTER
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Calibration : ECAL

* Fine calibration using reconstructed mo°

- lterative procedure based on the 0 mass fit

- Find the calibration coeff that moves the ©© mass close to the theoretical value
« A=m,/m,., — one coefficient per cell (more than 6000 cells)
* ~1% precision reached
e n° selection cuts:
- 100 million events needed X No SPD hit

_ N I Pt(y)>300 MeV
(200pb-1, 1 month) S E(PS)<10 MeV
‘ . S 2500- pT (10)>800 Me"
n’ mass vs. N L= L
146~ ° i
= gl 2000
144~ o i N
| i Initial
g 12 1500 calibration
e | Apsol-ute | : Mass  13L7:00( |5l e
- calibration iterations 1000~ Width 85590010  Fingl
(o] - L
| 1 0 vass  133:00| calibration
: b+ - val
134;...l....l..1.....T..|..T..|....l....l.........l.... i Width  7.5681 0.007 aiue
0 1 2 3 4 5 6 7 8 a9 10
lteration number C VA N B RS RN BT

D0 50 10 15 20 20

L® 3

n° mass (MeV)
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Calibration : ECAL

« ECAL calibration with electrons

— Comparison of the electron momentum from the tracking
with its energy measured in the ECAL and PS
(electrons from conversions selected with RICH PID)

- Also used to monitor the ageing and applying trend
corrections every 40pb-

All 2012
- 121
0.16]— :
onab E/p for electrons in ECAL 115 HV corrections
- E/p for hadrons in ECAL s
0121 2011 data o 11 _.--."/ \
- s
011~ gﬂms;— ..---""".‘I l' \1._“
0.08]— g o L
- E f:- L 7 ¢
0.06]— - .r
- 0.es _ —
0.04— - Annealing
- 09— after one month
0.02 — :
: / | T — - 0‘85_ N I | | 11 1 1 | 111 1 | | I — | I I | |
% o2 o4 06 08 1 12 14 16 1& 2 0 5001000 1500 2000 2500
E/p Lumi (pb-?) I
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Calibration : HCAL

ank 44 liters

« Cs137 source
- 1 source per half (10mCi)

rage 50 mm Lead wall

0 Pressure sensors 0--10 bar

Levesensor - Driven by an hydraulic system

SR L e - Each source travels at 20-
40cm/s through 26 modules

- Dedicated integrators
measure the anode current
Cs_15GeV_20091109 every 5mS

* Absolute normalisation ~10%
» Cell to cell calibration ~4%
* Done during technical stops

 LED system

— Control HCAL response
- During data taking
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Detector ageing

« Combination of several effects

- Scintillator ageing due to radiations (~0.25Mrad/y)
» Plastic tiles are less transparents
* Proportional to the particle flux

- PMT ageing as a function of the integrated current
* Depends on cell size and position

o : : L
LOHadron/LOmuon-dimuon trigger rate n° mass as a function of time (luminosity)

)

-
=y
o

@ I ‘:.IJ - 130 = 0.01934 | -
E "“"“-“E"“-""“ - ; 138: ..............‘..:......‘.........m..-.u.w—:
= o o - ]
: j £ 136f e
s = - :
> 134 =
o :
L HlLE @ 132F =
i @©
£ 130
| 2 -
, INIINE o 128 i)
' | ) L e P
_ L L 2 L L N 2 L L L X
LQeIectron/photon / LOmuon-dimuon 90 o5 290
trigger rate Run Number
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Towards an automatic calibration

* Plan is to have a fully automatic calibration for run 2
- Based on LED and RAW occupancy

Typical ADC spectrum
(*300K of noBias events, one hour of data taking).

Typical occupancy map for ECAL
{~300K of noBias events, i = 1.592)

Cell 0 04/08
[one of Duter most

peripheral, i. e. worst
statistical case)

Precision reached with
OCC = Nentries(adc_reading > threshold) / Nentries 1 hour data taking

* Promising method : reach 1% precision

- Test on 2012 data sample for PS, ECAL and HCAL
- Adjust PMT gain for each fill
- Stable trigger
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Electron identification

* Likelihood __efromy— ete
difference for the signal = pdronsTrom DT
(electron) and background HL 2 /
hypothesis ;HJ jJ | e
- Based on data distributions e L H =
 Signal : electrons from conversions E L gJ
« Backgrounds: hadrons from Do—Kn | If__lffl;{lﬁw N

E)10 8 6 4 2 0 2 4 6 8 10 0.7 0.75 0.8 0.85 0.9 0.95 1

Electron efficiency
Combined Calo Delta Log —

g 100 s _._n—4~=L .. Likelihood
L>)~ E—— —— —~ L[ . .
A R == & ..~ +RICH information; :
L w4 g - Mis_ID rate <2%
- 10—
O b L ~ [for electron_eff >97%
o - T > 8k — —_Alog>1
b 80__ .(2 C - ot —_— 4
® LE E | o N oq s 2 From
L C - | o)
700~ 4:_»4 T : ; : B*— J/ v K
i3 > Mis_ID rate ~5% : et ;
- forelectron eff 90%, st Alog > 3
po———— -
0 20 40 60 80 100 120 140 T T T T N e
Momentum 00 20 40 60 80 100 120 140
(GeVl/c) Momentum
(GeVlc)
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1t° reconstruction

* Low energy pions: resolved as a photon pair — 6~8 MeV
* Above 2.5 GeV (Pt), reconstructed as merged photons

DO—K*nn® (resolved m°) D—K*n® (merged =)
D° - K n* n’ with resolvedr® ([ L dt= 610 pb”) D°— K =" n° with mergedr® ([ Ldt~610pb”)

e *10° i ‘1103
2 1o Nygnai = 1946787 + 20878 %" 100 — Nyigna = 951470 £ 35071
% s 8,= 1.082+0.021 = L 8,= 1.73£0.11
& 20— B s = -0.0244 + 0.030
= — 2 v, =-0.02549 + 0.0063 S pu F
; “'6=17.4 MeV/c etop e : ©5=32.2 MeV/ i
L 0=0,/8,= 17.39+0.13 & I 0=0,/5,= 32241060
— 60_
m__ - el e essssRsssmEmg,,
6’0_— """""""""""" 40—
d0gg il
20_
o L
UL [, o T PN L, ke bt e B e Las o pls g 5 a4 5y g gepenilfec
0™="F70 1750 1800 1850 1900 1950 2000 2050 0===T60 1750 1800 1850 1800 1950 2000 2050,
My . o (MeVic?) M, . (MeVic?)
a S5C
g . i i . “
.'E o T, by hid
L R ¢+ 48
_5 _5TII|IIIIlIIIIIII!I|llII|IIII|IIII]II!l|J
1700 1750 1800 1850 1900 1050 2000 2050 1700 1750 1800 1850 1900 1950 2000 2050
WMy e o (MaVIC?) My o (MeVic?)
Resolved pair of well separated photons Photons that cannot be resolved as a

pair of clusters within ECAL granularity
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Radiative decays

Radiative b — s Y FCNC decay, penguin diagram:
* Important candidate to identify new physics at LHC (BR measurement)
« Asymmetry give a direct constraint on the CP violation
* BR predictions suffer from high uncertainties (hadronic form factor)
-Bo—>K*y=(4.3+14)x10%;B,—»oy=(4.3+1.4)x10°
— R(BR) =1.23 £ 0.06 + 0.04 + 0.10(fs/fd) [ Th: 1.0£0.2 ]

« LHCb measures precisely ratio of BR and asymetries
- 1fb-1 [NP B 867(2012)1]
« N(Bo—K*y) = 5279 £ 93 ; N(B,—¢7) =691+36 — BR(Bs — ¢ ) =(3.5+0.4 )x10°
*Ap(Bo—-> K" y)=(08+1.7209)% [Th: (-0.61%+0.43)% ]
—-World best measurement

= 600 P Dun = 190F L HCb * Data
c E @ oty : 2 140F (b) )\ — Full fit
= <Y = 4UE /
v 500 )} — = Combinatorial o il RS | BO—) q)’Y
ol f A B K*UTI:”**‘Y sl 120 3 s . ,
~ 400 ! > 100 3 B 3 — - Combinatorial
g &F S0 ' 1 —-B)-> K'Kn°
= 11] S S < 80 F e B vr'X
= 2 60F e A= AFY
& 200 S Tk b
40F
20 /: _
0 P TSN S i 22 TR --|--':" ..__.-_.-_I-_._- ks
3:',“;;1,_;;. NN AN N
) T T R M AN
4500 5000 5500 6000 4500 5000 5500 6000
M(Kmy) (MeV/c?) M(K*K) (MeV/c?)
Invariant mass resolution: ~92 MeV/c? m
Tuesday July 1st, 2014 Frédéric Machefert - NDIP 2014 - Tours




LHCb Upgrade

10m 2 educe F 20m

 The sub-detectors should be able to sustain 2x1033cm-2s-1 at 14 TeV

 Full software trigger

- The calorimeter electronics will send data to a large PC farm @ 40MHz
- Reduction of the gain of the PMT to keep them alive (compensated in the FEB)

- LHCb upgrade PID TDR: CERN/LHCC 2013-022 m
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Conclusion

 The LHCb calorimeters are running smoothly
- 0O(10-3) dead channels
« Good performances

- Key role on the trigger :
 Hadrons, electrons, photons channels
- Important measurements
* b — sydecay type, y polarisation
* BO—> Ky, B, — 0y
« ¥, states production at LHC (x, — J/wv )
 Significant ageing effects (PMT, scintillator) — expected

- Automation of PMT HV adjustment procedure
» Calorimeter part of the LHCb upgrade program (2019)
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Thank You !
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HCAL ageing effect

» Degradation of a significant

1.3f P _HCAL (LED/PIN) , /(LEDIPIN) . O_26_13
number of HCAL PMT N O Ny,
- ~15% (only affect the ) \ . K k f K ( |

HCAL) ! K\\ | \‘ | \ |
 Three types of problems : - g;% o \\

- Significant rate effect
e upto+5... +30 %
- Dark current appears

HCAL PMTs, dark currents, nA, 2013-11-07 19:26:49

500
400

300

- Degradation of the gain

0

 The effects are correlated

100

* No correlation with the

-3000

O CC u p a n Cy -4000 -3000 -2000 -1000 0 1000 2000 3000 4000 °
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Z 06 E - - .
T o4l c " o4 .
02 e o =
- | [1.1,1.3]I GeV/Czl . - [1.3,1.4] GeV/c? 1
e 0.5 0 0.5 1 b -0.5 0 0.5 1
cosb cosO
pd T T "] r T T T ]
S 1 S 1F =
= ; = F LHCb .
Z 08 - 5 08 r
x W il x C ]
Z O°F E Z O°F :
" oaf 3 T oaf 3
02F : | 02F —
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R -0.5 ) 0.5 1 g 0.5 0 0.5 1
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Readout of the (MA)PMT

192 ECAL FEB

54 HCAL FEB
20 m (top) FE-crates 12-bit ADC
Detector VFE-boxes % 2T
. 40 MHz |
ECAL PM | Analog 10 m Trigger:
' g Validation Card
clip (TVB)
HCAL LN same
electronics |, Readout: 32 channels
CROC
1 MHz
MarathonPS
] Control Board (CB) Optical link
. > Selection Crate
jation € (L0 decission
regulation < 100 PS/SPD FEB
40 MHz 10-bit ADC
LV SPECS
di2C " CROC
TTC e
\ A A J
=2 B FE card (LPC-CfD 1 MHZz 64 channels
Optical fibres MAPM[ SPD Digital .
SPD O ] — Readout:
VFE LVDS- 2.5Gb/s CROC
Chips on VFE card
40 MHz
Optical fib MAPM PRS Trigger:
PreShoweO e ] Analogue Val?c?ation Card
VFEI40 MHz

02/06/2014
Tuesday July 1st, 2014
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ECAL ageing

¢ After calibration (preliminary, 2011 data):

TIPP 14 02/06/2014

Pascal Perret - LPC Clermont

A B
100

E\T 1 40 ' T I T T T | T T T T ]
(&) 01105 |
S 138
Q
< 136
©
o 134 s
Q. B :
B 132 : :
g o - :
130} ; 4 o - o b
= - : : 1200 preliminary .
0 128; | H »c H 10005_%’5:7TevData _
126- ni i |§ .|t i tigj | i H [ 800:_ 2012 _:
90 95 X L -
Run p 800F - E
L Ngy,o, = (2242.7 + 26.1) 10° -
400 b =(135.17£002) MeVic® ]
- Ogause = (7.98 1 0.04) MeVi/c? i
I . :

150

200

vy invariant mass (MeV/c?
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HCAL ageing

B 137Cs source

® Allow to separate the light yield degradation from the PMT gain loss

® Radiation damage of tiles and fibers

beam
spacers
scmhllaio ) w0
< row 1
/] ey < row 2
: | . | IIIII' rlow 3
.‘;- . row 4
y | fibers
i row b
master
plate
02/06/2014 Pascal Perret - LPC Clermont

Longitudinal dose in HCAL,
r cell closest to the beam

S 50000 E -

10000 = -
0! o i 2 3 4 5
HCAL tile row

The hadronic shower maximum lays ~
within the tile row O; the dose in the
row 5 is much less. Radiation damage
of scintillator tiles and fibers can
therefore manifest itself as a
decrease of relative response of
upstream rows (O, 1) with respect to
row D.

LHCh
Calorineeters ISR
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