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LHCh

. Ritchie — IF 2013
New Physics found at LHC
e pa”'c'e? W't,h ”"k”°‘”'_"" New Physics NOT found at LHC
flavor- and CP-violating couplings l
Precision flavor-physics expts will Precision flavor-physics expts will be
be needed sort out the flavor- and needed since they are sensitive to
CP-violating couplings of the NP. NP at mass scales beyond the LHC.

| |

Precision quark-flavor experiments
(and lepton-flavor too) are essential.

Need experimental precision and theoretical cleanliness to increase NP sensitivity
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~10 years

EPJC 73 (2013) 2373
Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb~") | uncertainty
BY mixing 208, (B — J ) 0.10 [137] 0.025 0.008 ~ 0.003
208, (BY — J/ f,(980)) 0.17 1213 0.045 0.014 ~ 0.01
a3 6.4 x 1077 [43] 0.6 x10%  0.2x 1073  0.03 x 1073
Gluonic 28 (BY — o) - 0.17 0.03 0.02
penguins 238(BY — K*VK*) - 0.13 0.02 < 0.02
281(B" — oK) 0.17 [43] 0.30 0.05 0.02
Right-handed 28 BY = o) - 0.09 0.02 < 0.01
currents (B — ¢ny) /o — 5% 1% 0.2 %
Electroweak S3(B” — K*uTp=;1 < ¢* < 6 GeV?/c?) 0.08 [67 0.025 0.008 0.02
penguins so App(BY — Kyt ) 25% |67 6 % 2% 7%
AKpt ;1 < ¢* < 6GeVY ) 0.25 |76 0.08 0.025 ~ 0.02
B(BT = au pu")/B(BT - K pu ™) 25 % |85 8 % 2.5% ~ 10 %
Higgs B(BY — ptp~) 1.5 x 1077 |13] 0.5 x 1079 10.15 x 1077 0.3 x 1077
penguins B(B" — ptpu=)/B(BY — ptp) - ~ 100 % ~ 35% ~ 5%
Unitarity v (B — DW K ) 10-12° [243]257] 4° 0.9° negligible
triangle v (B = D,K) — 11° 2.0° negligible
angles 5 (B" = Jh K9 0.8° {43 0.6° 0.2° negligible
Charm Ar 23 x 1077 [43] 040 x 107* [0.07 x 1077 -
CP violation AAcp 21> 107 [18]  0.65x 107 0.12 x 1077 -
Current Sensitivity limited by statistics, not theory
4

Upgrade: comparable to or better than the theoretical uncertainties






DETECTOR ACCEPTANCE

Forward- and backward-peaked bb production:

 LHCb is a single-arm forward spectrometer. 2<n<5

* 4% of solid angle

Acceptance

Captures ~40% of heavy-quark production cross-section




Design: L__ =2x10* cm™s™ with y=0.4 [2622 bunches, 25ns, 14 TeV]

LHCb has excellent performance (beyond design)

L x 10%[cm™?s7!]

Interactions

Crossing

HLT rate

L [fb™!]

Year | /s [TeV]
2011 7
2012 8

Luminosity Levelling:
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2012: 4 + 4 TeV

Delivered Luminosity 2.21 fb!
Recorded Luminosity 2.08 fb!

2011: 3.5+3.5 TeV

Delivered Luminosity 1.21 fb''
Recorded Luminosity 1.10 fb’’

2010: 3.5+ 3.5 TeV

Delivered Luminosity 0.04 fb!

Recorded Luminosity 0.04 fb'' P
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Current Trigger Architecture

» | evel-0 trigger: hardware
s 4 us latency @ 40MHz

s "Moderate” E_/p_ threshold:

=~ <’

L0 Hardware Trigger : 1 MHZ
readout, high Er/Pr signatures

o E_(e/y)>2.7 GeV; E (h)>3.6 GeV

450 kHz 400 kHz
o p(1)>1.4 GeV/c

 HLT trigger: software

[ software High Level Trigger

s ~30000 tasks in parallel on ~1500 nodes 29000 Logical CPU cores
s Processing time available O(35-40 ms) ﬁf;;i reconstruction tuned to

@ . Mixture of exclusive and inclusive
Storage rate: 5 kHz selection algorithms )

» Combined efficiency (LO+HLT): J IS I>

5 kHZ Rate to storage

s ~90 % for di-muon channels

2 kHz o 1 kHz

s ~30 % for multi-body hadronic final states Inclusive  [nclusive/ . on and

Exclusive

Topological DiMuon

Charm

s ~10-20% for charm decays A




What prevents us from running at

higher luminosity already?

Data bandwidth limited to 1.1 MHz by LO

hardware trigger

= Factor ~2 between di-muon events and

fully hadronic decays

LHCb LHCb upgrade

Rate (MHz)

Luminosity (107 /cm”®)

w

N
(8]
T

iyt

Trigger yield (Arb.unit)

Design! Now!

07|||JJLL|II5|| 2||1215l.||‘|3w|.3|5||m.|||5;;..||||;|
05 1 1. : 514 4 :
Y Luminosity 0’;cm'§s"3

At higher luminosities:
— harsher cuts on p_and E_

— Events busier, reconstruction more difficult
— Detector aging and degradation
for no real gain in statistics ...






LHCh

.. : : 40 MHz
Efficient selection requires IP and p_ of tracks
Calorimeters
- Remove LO bottle neck (almost — LLT) o |
LLT Calo: C. Drancourt | LLT |
. . | p, of h, u, ey |
Implications of upgrade strategy: ET SIS ,
» Readout every LHC bunch crossing: 40 MHz instead of 1.1
< 40 MHz
MHz All detectors information

» Trigger-less Front-End electronics :

e Multi-Tbh/s readout network HLT

. . ) tracking and vertexing
 Fully software flexible trigger (HLT): output bandwidth~20kHz  p. and impact parameter cuts

inclusive/exclusive selections
Running Conditions:
» Design upgraded sub-detectors to sustain instantaneous
luminosity upto L = 20x10%* cm™s™ [u=4.9, 2622 v
nst 20 kHz

bunches, 25ns, 14 TeV]

Starting point: 5-10 MHz (LLT) event processing in processing farm at 10x10* cm™?s™ 11



VELO Si tracker

radiation dose and embedded FE

occupancy — replace sensors
— replace sensors

gcaL HCAL
SPD/PS

vy all subsystems are impacted



| .Tendering & Serial Instal_lati_on.&
Upgrade TDRs production commissioning

| Quality control & upgrade
g (18 months to plan!)

%an%

2014 2015 2016 2017 2018 2019 2020 2021 2022

Technical
reviews &
technology
choices
(ongoing now!) for high-lumi LHC
L peak> 5x103*cm2s-"

13






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

[ Readout L0 Hardware
l Supervisor Trigger
Current

LO electronics LO trigger L1 electronics
L0 Latency buffer L0 derandomiser Input buffer Output buffer

|Data link I
.D_@ , 21 ||| ARSI
~1Tb/

4us :
1MHz event rate
[ Readout Low-level ]
Supervisor Trigger
Upgrade I ] [
Front-end Derandomising Low-level Trigger Back-end
buffer Input buffer Output buffer :
B |Data link b
A » Formatiing[°G2 FRemelly, | ~40 Tb/s

40MHz event rate Courtesy K. Wyilie !

Compress (zero-suppress) data already at the FE
* reduce # of links from ~80000 to ~12500 (~20 MCHF to ~3.1 MCHF) 15
» data driven readout (asynchronous) + variable latencies!



40 Tb/s (event size ~ 100 kB)

FE Long distance covered by versatile links
_ (GBT)
C_f e | ﬂ.f"‘“m./’ﬂ NS pr
- :...-...__,.. Maximum of 303 m from FE on detector to
.""‘-'""""“*u"'—ﬂ AMC40 input

DT et Measurements with prototype FE and
AMCA40 show that this works well with

excellent margins

Can use cheapest commercial optical links

DAQ network




AN

Classical approach. ~0.5 Tb/s data

— aggregator board with 10 GbE to FARM
-FEJ45| | _
-~ 24 inpufts - -
: @ 4.8 Gb S s |
pcie_a,| CCPC GBT format : =1 I 1 .l |
12 outputs/ ER i ] ou =
4 i inpUTS = Diatwann BO s B men - = -
= g -l =1 @ 10Gb : g
5—- ethernet P
-
AMC ol >
[* et "] GA J1
|

96 inputs @ 4.8 Gb - processing in FPGA = 48 x 10G ethernet ports

17
CPPM Marseille



ATCA TELL40 & AMCA40

36 optical i nd
36 optical outputs at up to 10 Gbits/s
Slow control through PCle

i

LHCD

CPPM Marselille

COM Express
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LHCb Readout Slice LHCD

TFC on backplane replicate for as much as
needed (scalable)

LHC clock, LHC interfaces

TFC Crate Readout Crate

FARM

S-ODIN, LLT, LHC

TFC+ECS

Same ATCA board used in
different flavors:
same generic hardware,
different firmware

L g dd e

19



LHCD

¥

A small readout slice on the table
- Full AMCA40 card + Credit-Card size PC + interface to FARM + all
flavors of firmware in one card

Used as a common test
bench for

« developing code
 testlogic

» optimize resources
« testbeams

Common simulation
framework based on Mini-

Farm
DAQ under development
- FE electronics will be validated both in simulation and with the Mini-DAQ to
enforce specs compatibilities

20



AN

LAPP Annecy

CPPM Marseille
CERN

+ sub-detector group
if specific Data
processing

Throttle

i LAPP:

e Coordination

« Common blocks
 Generic Data

resets

If 80 bits wid

Processing
« Slow Control
S. T'Jampens
G. Vouters
KL L. Fournier
Readout board must support asynchronous readout! 21

» Alignment block to realign all inputs and create an event packet



Mini-DAQ Setup: Ready

7 Mini-DAQ produced: one for LAPP :)

22



LHCD

\)
Instead of ATCA crates and boards

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

1x
LC TFC (bi- Serial

directional) Transceiver

12 x
AFBR- Tra: secr;?:.fers
821vxyz [ AL
==12x
\ ( 12‘x
sa 66 GBT Serial
?‘090(\\\q \)(\ (\ Transceivers
u (€ 6—“0 AFBR- (—
C \ \O 821VxyZ I
\(\\| ==12x
GBT

16 x
Serial
ansceivers

PEX8733
(optional)

PClex 16

23



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™ in 10 years)

Read the detector at 40 MHz sustaining a levelled luminosity of 2-10% cm™s™

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).

24



BACKUP SLIDES
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G. Isidori — Symmetry Physics Implications ESPP Open Symposium [Cracow, 10-12 Sep. 2011]

» Future prospects

General decomposition of flavor-violating observables:

1 1

M,, A’

\

* The sensitivity to the energy scale grows slowly with the statistics or the
luminosity of the experiment ( 6(A) ~ 1/N"* )

A =4y | Cgy

» The interest of a given flavor obs. depends on the magnitude of cqy, vs. cyp and

on the theoretical error of cqy; = concentrate on clean & rare processes
e

In the quark sector, the present exp. accuracy ranges from 10% to 100%
for loop-induced processes => we need to reach the few % level of
precision (in the few cases where the theory error is not dominant)




LHCDb: Heavy Flavour Super Factory at LHC

» LHCDb 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 pb (~75 * 14 pb in LHCb acceptance) at Vs=7 TeV
» Charm production is 20 times larger: o(pp — ccX) = ~6 mb  [FLB 694 (2010) 209]

® LHCb acceptance / 1 fo™: [arXiv:1302.2864]

. ~10" bb decays [all species produced: B°B*,BB,A,.]

« ~10* cc decays
@ Large boost: b-hadrons fly several millimeters before decaying

« Signature for selecting events
@ Challenging background condition: efficient trigger essential

s o(pp — X).  =~60mb at Vs=7 TeV [JINST (2012) PO1010]

27



LO muon trigger

\

MUON

Momentum resolution Ap/p ~ 20%

Single- and Di-muon triggers: pr > 1.5 GeV, pry x pro > 1.3 GeV?
90% efficient for most dimuon channels

LO muon rate: 400 kHz

y ¥ ¥ X

28



LO calo trigger

SPD + Preshower

I
m
ECAL J L HCAL

» Hadronic B-decay efficiency 50%

» Selects High Er hadrons, e * , ~ R diifve s 5
> 80% nt for r

> Threshold Er > 2.5 — 3.5 GeV e e

» Preshower and SPD discriminate L0 e * /v rate: ~ 150 kHz

betweene * , v
» LO hadron rate: ~ 450 kHz 29



% Current LHCb Vertex Detector

Current Vertex Detector (VELO) is at the heart of LHCDb tracking, triggering
and vertexing

+ Excellent performance, reliable, cluster efficiency >99.5%, best hit resolution down to <4pm

* Movable device! ~50mm to ~5mm close to LHC beams when in collisions (autonomously...)

_— - Si-strips
RS | measuring
cross section at y=0 %ﬁ@“‘e’ rand ¢

i —
X nEn o
5 - — i E L I . i 4 ' '] T i
- = .
VET interachion regicn
stations g F=536m

madl upsliaan
VELD stalion

el | et Tl | St

e N J,/# » 'II - ‘\\
y :/ r b / il |
2 ':I e i ) il = {;-' i I:
X Il. %_ .'I i _i;_ L - f
u ; - i el 4

# L% o y

\""\____ _--”__,.-’ .“-\.____:] ______,-"'-'

aim

VELC fully closed VELO fully open
(stable beam)

TWEPP2013, 23-27 September 2013,

. Federico Alessio 43
Perugia, Italy



New LHCDb Vertex Detector

Future VELO must maintain same performance, but in harsher conditions

 Low material budget, cope with > radiation damage, deal with > multiplicities
« Trigger-less readout ASICs and provide fast and efficient reconstruction at HW level

- Recent technology reviews favored the choice of a

Si-pixel detector with microchannel cooling

TWEPP2013, 23-27 September 2013,

; Federico Alessio 44
Perugia, Italy



New LHCDb Vertex Detector

» Pixel Silicon detector modules cooled down with fluid (bi-phase CO,) which passes under
the chips in etched microchannels (AT = 4-7 "C between fluid and sensor)

* (etting closer to beam (agreed with LHC!) to improve IP resolution!

cnﬂling subztrate retracted
from module tip New
Deshed bne 3 ASICs per sensor
indicated™=s Proposed
sengilive region ﬂpEﬂU re
Migrochanns! cooling
substrate 3 . 5m m
400 wm silicon
Micro channels
Sﬁé%ess_ sleel 200 wm = 70 prn e
.y Current Inner Aperture 5.5 mm

Micrechannel mul.ing | Si cooling
conneciorn 5 substrate 400 um
TWEPP2013, 23-27 September 2013, Eaaarse RlaEaT 45

Perugia, Italy



% Current LHCDb Tracking system

Present Tracking System will be upgraded:
* VELO+ TT (Si-strip) + DIPOLE (no change) + IT (2% inner area, Si) / OT (Straw Tubes)

i
Magnet m P ‘ 2t
RICHI 7 rmack |~ Current pattern-recognition based on
| upsirem ’ il ‘ current tracking system would not be
. efficient in upgraded scenario
{EtrEe;Sil“ e I Long track (forward) ’/"T‘
et L.« Too high occupancy in central region
_,.l ] | Long track (matched) 1]
“ELDtme\E_.m P L ‘ « R&D for different solutions
Detector \ | -> for downstream and upstream
Downstream track . tra Ckl n g
) !
Courfesy JC. Wang 11 T T3
Sidenote: R&D in increasing Dipole field (x1.8 Bdl)
TWEPP2013, 23-27 September 2013, Eaaarse RlaEaT 48

Perugia, Italy



New Upstream Tracking Stations

R&D upstream:

* Replace current TT with UT (Upstream Tracker) , also based on Si-strips
o reduced thickness
o finer granularity
o improved coverage (innermost cut-out at 34 mm)

o much less material budget (<5% X,)

Hybrid routes power . ‘
and data between

sensor and periphery
Substrate SALT
ASICS

Kapton
flex
cable(s):
data and
power

Federico Alessio 49

Perugia, I‘[aly.



New Downstream Tracking Stations

R&D donwstream:

» Various options still on the table ; :
Baseline option!

o all aimed at reducing the occupancy in the inner region ¢

Enlarged, thinner and Replace central region Replace enuréﬁ‘i‘r;fjﬁ::‘::;ﬁ
lighter IT with Central Tracker with ScitFi” ~ N\
> Based on Si-strip (Sci-Fi detector) m .

-> Based on Scintillating

- New OT straw tub
s RN N fibers and SiliconPM

in central region

TWEPP2013, 23-27 September 2013,

Perugia, Italy Federico Alessio 53



New LHCDb Sci-Fi detector

Build a completely new detector based on Scintillating Thin Fibers ____

* Blue-emitting multi clad fibers, laid down as a mat

« 2.5m long, 250 um diameter (2.8 ns decay time)
« 12 layers of modules in different layout (x-u-v-x)

* read out with SiPM (at -50C): new trigger-less FE

S1PMs

Sm

¥

Scimntillating fibers

TWEPP2013, 23-27 September 2013,

. . Federico Alessio o4
Perugia, Italy



Upgraded Particle 1D

Present Ring-Imaging Cherenkov (RICH) detector will be upgraded:

* Current RICH1 (aerogel C4F,,) + RICH2 (CF,) el heai NoNiCpeeebompeneon ]

Lumi2-5-Currant-v| Wﬂhﬁaﬂl:m

RichDOLLk-Rich

Long trecks | 1.5 < P:r.‘hw < 100 | 0.5 < PHGEV) < 100
Aequiresd Dets : RICH

Main changes: Lum. St s Ovsn

10 mmnmmLﬂ
Long tracks | 1.5 < PGV < 100 | 0.8 < PHOSY) « 100
| Required Dats : RICH

Remove aerogel radiator  eion Kaams i Acteptance

LumiZo: S=Current- VO Optics-FICH1
RichDLLk-RichDLLpi = 0wl
Lomng Irecks | 1.5 = Hﬂl'\"l 100 | 08 = PLGaY) = 100

« to compensate for increased occupancy M-«-«-

Remove Hybrid-PhotoDetectors (HPD) with Multi- 5 s e e
AnodePMTs | Dy

 AD.404

« Hamamatsu R11265 with 80% active area P Ap/a0s

Front-End electronics will be redeveloped 60 0 s | * %0 100

100 r 1

R&D : - T Bt .-f_-.r.;._ H
Add new detector TORCH ... '
« 1-10 GeV/c

RICHT

o
T

K-z separation (Na)

i 1

TWEPP2013, 23-27 September 20132 . : e =
Perugia, Italy A Momentum (Gev/c)

Federico Alessio 58



Upgraded Calorimeters

Spacers

‘_,nnmlatql‘_‘:__ -

Present Calorimeters detectors will be kept:
« ECAL (Shashlik 25 X, Pb + scintillator) _
+ HCAL (TileCal Fe + scintillator) g
- PreShower / ScintillatingPadDetector (PS/SPD) will be removed

Light yield degradation, average over 44 central cells

Main changes: % = Ny

PMT gain will be reduced by a factor 5 j; .“f :“ ,__ e
* toreduce ageing due to higher luminosities : ‘g; "m :L - ‘ ‘
Front-End electronics will be redeveloped i, SO ™
* to be compatible with the reduced gain (R&D) '

+ to be compatible with trigger-less readout

TWEPP2013, 23-27 September 2013,

; Federico Alessio 60
Perugia, Italy



Upgraded Muon Detectors

Present Muon detector will be kept:

4 layers (M2-M5) of Multi-Wire Proportional Chambers
(MWPC)

- first layer of Muon Detector (M1 — used in first-level trigger,
with GEMs) will be removed

Main changes:
Front-End electronics will be redeveloped

+ to be compatible with trigger-less readout

R&D:
Replace inner part of M2 (closest to IP) with GEMs detectors

* to have higher-granularity

TWEPP2013, 23-27 September 2013,
Perugia, Italy

Federico Alessio 63



InfiniBand

* Driven by a relatively small, * Many recent Mellanox products
agile company: Mellanox (as of FDR) compatible with

*  Essentially HPC + some DB and Ethernet
storage applications

*  Only competitor: Intel (ex-
Qlogic)

* Extremely cost-effective in
terms of Gbit/s /S

Mellanox InfiniScale IV 155030 QDR 36-Port

* Open standard, but almost - InfiiBand Swich - Par10: MISSO30QISFC | 4 peess
single-vendor — unlikely for a o — S
small startup to enter . -I.-.n.i.:'ifi:fif'."éfm;. G s s

* Software stack (OFED e —
including RDMA) also A R
supported by Ethernet (NIC) - |

Share

vendors ———

Brand Name: MELLANOX

Product Details
Shipping Weight: 29 pounds (Yiew shipgng mies and polcmes)
ASIN: BOO4GIET OW
Average Customer Review: Be the first to eview this item

Upgrade DAQ Overview - Niko Neufeld 12
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