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Outline

Motivations

Current LHCb 

Overview of the LHCb Upgrade

LAPP involvement
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Flavor in the Era of LHC

Ritchie – IF 2013

Need experimental precision and theoretical cleanliness to increase NP sensitivity
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LHCb Physics Prospects

Current Sensitivity limited by statistics, not theory

EPJC 73 (2013) 2373 

Upgrade: comparable to or better than the theoretical uncertainties

~10 years



5

Current LHCb
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LHCb Detector

Forward- and backward-peaked bb production:
● LHCb is a single-arm forward spectrometer: 2 < η < 5

● 4% of solid angle

_

Captures ~40% of heavy-quark production cross-section
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LHCb Operation in 2011-2012

Design: L
inst

 = 2x1032 cm-2s-1 with μ=0.4 [2622 bunches, 25ns, 14 TeV] 

Luminosity Levelling:

Integrated luminosity:
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Level-0 trigger: hardware

4 μs latency @ 40MHz

“Moderate”  E
T
/p

T
 threshold:

E
T
(e/γ)>2.7 GeV; E

T
(h)>3.6 GeV

p
T
(μ)>1.4 GeV/c

HLT trigger: software

~30000 tasks in parallel on ~1500 nodes

Processing time available O(35-40 ms)

Storage rate: 5 kHz

Combined efficiency (L0+HLT):

~90 % for di-muon channels

~30 % for multi-body hadronic final states

~10-20% for charm decays

Current Trigger Architecture

1 MHz max
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Current Limitations

Now!Design!

At higher luminosities:

→ harsher cuts on p
T
 and E

T

→ Events busier, reconstruction more difficult

→ Detector aging and degradation

for no real gain in statistics … 

What prevents us from running at 
higher luminosity already?

Data bandwidth limited to 1.1 MHz by L0 
hardware trigger

⇨ Factor ~2 between di-muon events and 
fully hadronic decays 
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Upgrading LHCb



11

Upgrade Strategy 

Efficient selection requires IP and p
T
 of tracks

● Remove L0 bottle neck (almost → LLT)

50000 cores

Implications of upgrade strategy:
● Readout every LHC bunch crossing: 40 MHz instead of 1.1 

MHz

● Trigger-less Front-End electronics

● Multi-Tb/s readout network

● Fully software flexible trigger (HLT): output bandwidth~20kHz

Running Conditions:
● Design upgraded sub-detectors to sustain instantaneous 

luminosity up to L
inst

 = 20x1032 cm-2s-1 [μ=4.9, 2622 

bunches, 25ns, 14 TeV]

 Starting point: 5-10 MHz (LLT) event processing in processing farm at 10x1032 cm-2s-1 

LLT Calo: C. Drancourt
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The 40 MHz Detector
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LHCb Upgrade Plan
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Upgrading LHCb:

DAQ
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Upgraded Readout Architecture

Front-End electronics: transmit data every LHC bunch crossing (25ns) 

Compress (zero-suppress) data already at the FE
● reduce # of links from ~80000 to ~12500 (~20 MCHF to ~3.1 MCHF)
● data driven readout (asynchronous) + variable latencies!
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Counting Rooms in the Surface

40 Tb/s (event size ~ 100 kB)

Long distance covered by versatile links 
(GBT)

Maximum of 303 m from FE on detector to 
AMC40 input

Measurements with prototype FE and 
AMC40 show that this works well with 
excellent margins

Can use cheapest commercial optical links



17

Back-End: new LHCb TELL40 Readout Board

CPPM Marseille
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ATCA TELL40 & AMC40

CPPM Marseille
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LHCb Readout Slice
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Mini-DAQ System
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Sub-detector User-code Logic

Readout board must support asynchronous readout!
►Alignment block to realign all inputs and create an event packet

LAPP Annecy
CPPM Marseille
CERN
+ sub-detector group 
if specific Data 
processing

LAPP:
● Coordination
● Common blocks
● Generic Data 

Processing
● Slow Control

S. T'Jampens
G. Vouters
S. Cap
L. Fournier
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Mini-DAQ Setup: Ready

7 Mini-DAQ produced: one for LAPP :)
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Alternative Proposal: PCIe

PCIe Gen3 NIC cards with FPGAs and ~150 Mb/s throughput to host PC (data-center approach)

Proposal 

currently under 

investigation

Instead of ATCA crates and boards
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Conclusion

The LHCb Upgrade has been fully approved by CERN

Need to increase by at least an order of magnitude the amount of data to test 

the SM up to its theoretical uncertainties ►LHCb Upgrade (50 fb-1 in 10 years) 

Read the detector at 40 MHz sustaining a levelled luminosity of 2∙1033 cm-2s-1

The LHCb Upgrade is a technologically challenging project and schedule is 

tight ►Extensive R&D  ongoing, TDRs for December '13 and March '14.

The LHCb detector will be upgraded in one go during LS2 and take data during 

phase 2 and phase 3 (> 2022).
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BACKUP SLIDES
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LHCb is the dedicated flavour physics experiment at the LHC
➔ Precision studies of flavour changing processes and CP violation 

with b and c-hadron decays
➔ test SM/indirect evidence of NP + constraints on NP flavour structure

Advantages to run at the LHC:

bb cross section: ~280 μb (~75 ± 14 μb in LHCb acceptance) at √s=7 TeV

Charm production is 20 times larger:  σ(pp → ccX) = ~6 mb 

LHCb acceptance / 1 fb-1:

● ~1011 bb decays [all species produced: B0,B+,B
s
,B

c
, Λ

b
,..]

● ~1012 cc decays

Large boost: b-hadrons fly several millimeters before decaying
● Signature for selecting events

Challenging background condition: efficient trigger essential

σ(pp → X)
inel

 = ~60 mb at √s=7 TeV 

_

_

_

_ [PLB 694 (2010) 209]

[arXiv:1302.2864]

[JINST (2012) P01010]

LHCb: Heavy Flavour Super Factory at LHC
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DAQ: Infiniband
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