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The Standard Model
A remarkably successful theory!

* With the discovery of the Higgs boson, the
Standard Model (SM) is now complete!

[ATLAS-CONF-2013-012]
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e The SM withstood experimental tests for
over 40 years...
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http://cds.cern.ch/record/1523698
http://arxiv.org/abs/1407.0558

éiyﬁé The Standard Model
A remarkably successful theory! But...

7

e Many open questions with no answer in the
Standard Model framework:
e Cosmological dark matter
e Dark energy (Universe in accelerated expansion)
e Baryon asymmetry of the Universe
e Quarks and Letpons mass hierarchy
e Non-zero neutrino masses

Expansion History of the Universe DDI)DD
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* Compelling evidence for beyond the SM physics.
 But what and how do we search?
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ﬁ gﬁ@ Physics beyond the Standard Model

What and how do we search?

* New Physics (NP) contribution can be expressed as a
perturbation to the SM lagrangian:

Leff — ESM + Z f;ill Ogd) (Qb, Aaawi)

d>5

A

Two major questions of particle physics today:

e Which is the energy scale of NP <=> High-energy experiments
(or the value of A) X [high-energy frontier]

* Which is the symmetry structure
of the new degrees of freedom < —>
(or the structure of the cn)

High-precision low-energy exp.
[high-intensity frontier]
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ﬁ ﬁﬁ@ Physics beyond the Standard Model

What and how do we search?

Two complementary paths to
search for NP:

e Direct search (ATLAS & CMS)

- production of new particles (real)

- the heavier the new particles are, the more
energy is needed to produce them

- observation of their decay

Is there anything else beyond the SM at
the TeV scale?

Log = Lsm + )

d>5

Cn

Ad—A4

O (¢, Aq, ts)

* Indirect search (LHCDb)

- virtual production of new particles

- heavy particles can be produced virtually
(off mass shell) with moderate energy in the
center of mass of the collision

+ these virtual particles affect the decay

processes

- differences w.r.t. standard model prediction

What determines the observed pattern of
masses and mixing angles of quarks and

leptons ?

.

* cn~1 = A ~[10%;10°] TeV
+ A ~1TeV = cu~[1075;1071]

\.

 Considering the present experimental constraints in flavour physics:

N
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Physics beyond the Standard Model
What and how do we search?

e Historically, indirect observations of “new physics” has often
been the portal to infer properties of heavy particles before
experiments with sufficient energy to produce them.

e Beta decay: p :

n
> > €

Fermi's 4-point interaction Exchange of heavy
theory of beta decay ~1 GeV v virtual boson ~80 GeV
e o b V;b Vad d b v b‘AMMVA\KAMN\,qu d
e B meson mixing. g=uct
B? w w B B g=u,c,t g=u,c,t
In 1987, the Argus et
experiment measured: - V- =5 o - - T -
2
Amp ~ 0.00002 X (ﬁ;cz) ps ! First hint that the yet unseen top quark
0.5 pe—L was much heavier than expected
~ (.0 ps
p Discovered in 1995 at the Tevatron:
2
my ~ 250 GeV/c my = 173.21 + 0.51 + 0.71 GeV/¢?
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ﬁ ﬁﬁ@ Physics beyond the Standard Model
The LHCb physics program

7

e LHCb dedicated to precision measurements of heavy flavor:

e Compare precision measurements and
clean predictions to find evidence for NP

 Flavor sector: very rich sector of the SM
with precise theoretical predictions

e Different observables give different constraints on
different NP models:

e B decay to charmonium: Bs mixing, CP violation

e Rare decays: leptonic, electroweak, radiative, Lepton Flavor Violation

e Semileptonic B decays: Search for CPV in mixing, form factors, rare decay
e Charm physics: Mixing and CPV, charm production and spectroscopy

e B hadron and quarkonia: Production and spectroscopy

e QCD, electroweak and exotica: EW boson production, long lived particles

Simon Akar SFP 2015, LHCb: Run I Results and Future Prospects 8
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The LHCb
experiment




The LHCb experiment
@ the LHC
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HCD The LHCb experiment
iaisd Collaboration overview
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The LHCb experiment
Detector overview

e Forward General-Purpose Detector at the LHC
e ~30 % of heavy quark production cross-section with just 4% of solid angle

e TWO-LEVEL TRIGGER:
— TRACKING SYSTEM

- LO hardware (12 — 1 MHz)
VERTEX DETECTOR momentum resolution - HLT software ( 1 — 0.005 MHz)
_ Aplp = 0.4% — 0.6% R :
reconstruct vertices e Very good £(u)
decay time resolution: 46 fs Good ¢(h)
IP reconstruction: 20 um
COLLISIONS ,.-L—- | <+
@ 40 MHZ 4T Htt
- ‘
~12 MHZz
VISIBLE .
INTERACTIONS 3 ' DIPOLE MAGNET
(2012) - 4 Tm
normal conducting
regular polarit
it S MUON SYSTEM
CALORIMETERS
RICH DETECTORS — energy measurement
K/r/p separation particle identification
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ﬁﬁﬁ@ The LHCb experiment
Physics performances — Run I

7

= 25 v v v v - -
. . é ! 2012: 4 + 4 ToV 2012
* Integrated luminosity g o | Ermines il
e 1fb!@ 7 TeV (2011) 5 | s o
e 21fb! @ 8TeV (2012) Y 2011]
€ 1 3
e Excellent LHCb performances 8 osf .
e >99%; detector channels working g N N — Di”ﬂ“‘

e >99% collected data good for analysis Date

. . 8| LHC Fill 2651

e Stable operations with L ~ 2xLgesign Rl = |

2 ATLAS\“‘W\\\ |

 |uminosity leveling 5 | |

* Displaced pp beams 10°} Luminosity potential exhausted |

e Constant running conditions "> 56aMeead-on |

: L [ LHCb N 10%

 Lower instantaneous luminosity e ~4X10% cMS

* Lower pile-up | Beam?2 m |

e Better tracking and PID performances \ peam

10%} [ LdeS|gn o 2X1 032 cm 28

T 5 20
Fill duration [h]
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% LHCDb highlights from Run I
CP violating phase ¢s

e Weak phase ¢s:

¢ CPV ininterference between
mixing and decay

¢ Small and precise SM prediction:

(g5 o P — _y8. — 0.03657 9013

[CKMFitter] B Vis Vi
go = are (—m)

e Golden mode: Bs = JW KK~
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g
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(Alog £ = 1.15)

e Other modes: = 0 R
B — J/l/) -, Bs = DsDs Z - ATLAS 4.9 o™
e | HCb dominates world average:
— 0.06¢
[ ¢ — —0.015+0.035 |meAG) L/
-0.4 -0.2 0.0 0.2 0.4

¢$° [rad]
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http://arxiv.org/abs/1501.05013
http://www.slac.stanford.edu/xorg/hfag/osc/fall_2014/#DMS

LHCDb highlights from Run I
Bsa— p'w

. b
* Very rare decays in the SM: < W .
o o t
e FCNC and helicity suppressed . (e
. . g - W
e Precise SM prediction g
¢ |Intensively searched since 30 years b . ot L NP
L. . tf O HAH _
¢ Combination with CMS data: s ,.(;? <
3
B(By) =391 x10710, 32 ¢
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[Nature 522 (2015) 68] "

Simon Akar SFP 2015, LHCb: Run I Results and Future Prospects


http://www.nature.com/nature/journal/v522/n7554/full/nature14474.html

% LHCDb highlights from Run I

+ —
Bsja— pu'u
e Huge impact on NP models, such as SUSY:
20 —
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ﬁgﬁé LHCD highlights from Run I

b—st'f"

7

* Rare FCNC process suppressed in the SM SM penguin diagram

* Model independent effective hamiltonian:

4GF * P C
Mot = =2 VioVis Z C:O; +ClOL+ > gz One
Left handed Right handed,
. s suppressed
i=1,2 Tree mp
t=3—6,8 Gluon penguin
1 =17 Photon penguin

1 =9,10 EW penguin
i=2S,P (Pseudo)scalar penguin

* New heavy particles in NP models can appear in competing
diagrams can affect branching fraction and angular
distributions

e Experimentally clean signhature

Simon Akar SFP 2015, LHCb: Run I Results and Future Prospects
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% LHCDb highlights from Run I

e

b—st'f"

* Angular analysis of B— K*u'u:

1 d@C+D) 9 4 o 20 . -
dI' +1)/d¢? 40 32_7r[4(1_FL)Sm Ok + FLcos” Ok + ;(1 — FL)sin® Ok cos 26,

— Fp, cos® Oy cos 20, + S5 sin? O sin? 6, cos 2¢
+ S, sin 20k sin 26, cos ¢ + S5 sin 20k sin 6, cos ¢

+ % App sin’ Ok cos 6y + S7 sin 20 sin O, sin ¢

+ Sg sin 20k sin 26, sin ¢ + Sy sin® O sin® 6 sin 24|

e Angular observables, F., Ars, Si appearing in
the full decay rate are related to Wilson
coefficients C7, Co, C10

e |arge part of theory uncertainty due to hadronic form-factors (FF)
* Introduced the Pi’ observables, less dependent on FF:

P 5= Sa5/v/Fr(1 — FL)

Simon Akar SFP 2015, LHCb: Run I Results and Future Prospects
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s ﬁﬁ@ LHCDb highlights from Run I

b—st'f"

7

* Angular analysis of B— K*u'u":
e Local tensionin Ps’ of 3.70 from SM

Systematics included

I
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http://cds.cern.ch/record/2002772
http://cds.cern.ch/record/2002772

% LHCDb highlights from Run I
b—sf ¢

e Branching fractions tends to lie
below the SM [PRL 112 212003] [arXiv:1411.3161]
. MWLCSR Lattice =Daa ____ __ WWLCSR Lattice *Data
> B"—)K"u*;[-g 2 3 B'5K'u'u —
9 LHCb - Sﬁ 4 LHCb -
O : L3 ]
X X 3
S =
& T
2 _e
% 0 . - % 0
0 5 10 15 20 0 S 10 15 20
g [GeV¥c*] g* [GeV¥c?]
. ™@LCSR " Lattice »Data ____
2 B*—)K"y’y“E
9O 1Sp o LHCb -
Y
s | +
E SF -
S |+t 3 | [JHEP 06 (2014) 133]
=) SOUUE SOUUIURE- - IS
¢ [GeV¥c4]
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.212003
http://arxiv.org/abs/1411.3161
http://eprints.gla.ac.uk/105658/1/105658.pdf

% LHCDb highlights from Run I
b—sf ¢

7

* Angular analysis of B— ¢pu'u:
 Full angular analysis performed
e Angular observables consistent with the SM

e Branching fraction lower than SM prediction
in (1<q?<6 GeV?¥c#) [arXivi1411.3161]

[arXiv:1506.08777]

I

35 LHCb
.20 m SM pred.

//. SM (wide)

- Data

- Data (wide

A L '

9

dB(B"—ouu)/dg? [10°GeV->¢4]

5 10 15
g> [GeV?/c4
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R

LHCDb highlights from Run I
b—sf ¢

7

e Global fit from b — s observables:
e Effects on the Wilson coefficients

[arXiv:1307.5683]

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
4 B 3%CL
[ 9s5%CL
[[] 9% CL
2 ™ i Includes Low Recoil data ]
Only [1,6] bins
. L —-— SM
Z. o O' Prgg— <%
-
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

-0.15 -0.10 =005 000 005 0.10 0.15
CNP

e All theory groups find CoNP <0

e Heavy Z’' boson (~TeV) with non-universal flavor couplings?

Re(Clo)

[Straub Morlond 15]

— o S N
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http://arxiv.org/pdf/1307.5683v3.pdf
http://indico.in2p3.fr/event/10819/session/10/contribution/87/material/slides/0.pdf

% LHCDb highlights from Run I

Lepton universality - Rk

e

* Another unexpected development:
e Deficitof B— Kuu

-o-1LHCb -m-BaBar ——Belle

compared to B — Kee: Y 2 | I
BB > K S = f LHCb
_ — Kpup 4 - -
R, — e 1.5F :
K B(B — Kee) 1.0+ 00107 r j

REHCP = 0.74570:522 4 0.036

(1 <q*<6 GeV?/cH

1110‘ - lIIS‘ - IZIOI |
2 2]
e <3¢ tension, but additional g [GeV7/c]
hint toward lepton [PRL 113 (2014) 151601]
universality violation

b
=
—
-
-
.
-d
b
.
==
-
——
-
1 |
O 5
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.151601

% LHCDb highlights from Run I

B—D*tv

B(B — D¥ru,)

R(D™) = , T — LUyvr.
(D™) B(B — D™) ) e
* Powerful channel to test lepton universality: 3 /IZ\
e Charged Higgs can enter at tree level '@

* Area of particular interest:
e BaBar anomaly @ >30 from SM
e Other hints of lepton universality violation (e.g. H — tu, Rk)

R(D)
[PRL 109 (2012) 101802] [PRD 88 (2013) 072012]

Belle 2007 —t - -
BaBar 2008 —— H—e—% 04
Belle 2009 — e — . fa I
Belle 2010 e R . & 53F
BaBar 2012 e e :
| - PR BT T —— | PO PR SN S TR BT . | -
0.2 0.4 0.6 0.8 0.3 0.4 0.5 0.6 - . ! .
R(D) R(D*) 0.2 04 0.6
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.101802
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.072012

R

LHCDb highlights from Run I

B—D*tv
x 7:_ = 03757 hea(stat.) £ 0.026(syst. SM
e Belle update at FPCP’15: o PO SR | PP
- 08 orrelation of stat. uncertainties: - ® Belle 7
* Full dataset + updated tagging E € o
algorithm [arxiv:1507.03233] Base - 3
e Consistant with previous N o
Babar result T .
. Baéar: E:;:‘2:“242°§’:‘§:°Z{{’,%%‘fa T N Y SR T T QT AR
e LHCb result at FPCP’15: A
* Experimentally challenging ~ 05f —r
due to the missing neutrinos S 0usE —Bele s =10
u LHCb, arXiv:1506.08614
e Consistant with previous 04f T
Babar result [arxiv:1506.08614] 035 :
0.35— E
e HFAG combination at EPS’15: 02sf L i
SN . il
* Global effect @ 3.90 from SM e — ¥ o3 o
R(D)
SM: [PRD 85, 094025 (2012)]
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Prospects




% The LHCb experiment

Future prospects

LHCb Upgrade
technology choices quality control e Installation
i R : « commissioning
serial production
« 18 months
LHCb collect 5-7 fb-1 collect 15 fb-1

2014 2015 2000 2087 2088 2019 2020 2021 2022 2023

LHC LS1 LHC Run || LHC LS2 LHC Run Il
e ppruns 13 TeV @25 ns e pp runs 14 TeV @25 ns
LHC LS3
HL-LHC

Simon Akar SFP 2015, LHCb: Run I Results and Future Prospects 28



%

The LHCb experiment
Run 11

7

* Already analyzing online reconstructed data:

* No major hardware changes. Improved trigger (low pT ), real-
time tracking, calibration, alignment and PID goes into HLT:

e LHCDb is ready! Will gain from higher beam energies (increased
production cross-section) and 25 ns bunch spacing (lower pile up)

e Write to disk: 5 kHz (Run 1) = 12.5 kHz (Run 2)

[EPS 2015 talk]

44 - — 5 - ¥ L T T T T Y T L] T Y
(.3‘105 » LHCb Preliminary — 45 E g LHCDb J/y-from-b, uncorrel. uncert. _5
o E s=13TeV,L=302pb'| & " F b J/w-from-b. total unce E
= - pr.ompt J/l/) 3cy<3s P E A: —t %Il(be v-from-b, total uncert. E
K10 b 2<p._<3[GeVic] = 3 [ ] FONLL [JHEP 9805 (1998) 007] 3
w = T - 35 - =
2 .F > E -
S10°E 5 3F Preliminary -
'-g = JIy from b —=2.5F 3
2 T E g 3
S0 = 2 e =
10 & © 95T e
'y E g i 5
IE T =
1 0.5 E_. ‘ ----------- .—;:
1 11 1 1 :‘ . | 1 -

0 8 6 -4 -2 2 4 8 10 0
€, [ps] > o
vs [TeV
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http://arxiv.org/abs/hep-ph/9803400

The LHCb Upgrade
Strategy overview

7

.

e Remove the main bottle-neck = L0 hardware trigger limited @ 1 MHz
o All detector readouts @ 40 MHz

e Operate @ L = 2x10%° cm™s!

e Full software trigger = efficiency gains

TRACKING SYSTEM

VERTEX DETECTOR

?

COLLISIONS
@ 40 MHz
‘ —

~30 MHz

VISIBLES
INTERACTIONS

MUON SYSTEM
New electronics

CALORIMETERS

RICH DETECTORS — reduce PMT gain
replace HPDs Updated electronics
New electronics

Simon Akar SFP 2015, LHCb: Run I Results and Future Prospects
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The LHCb Upgrade
Physics prospects

[CERN-LHCC-2012-007] LHCb Upgrade TDR Statistical uncertainties
Type Observable Current Upgrade Theory
precision (50fb~") | uncertainty
BY mixing 285 (BY = Jh) ¢) 0.10 [7] 0.008 ~ 0.003
28, (B® — JJb fo(980)) 0.17 [10] 0.014 ~ 0.01
Ag(BY) 6.4 x 103 [17] 0.2 x 10-3 | 0.03 x 10-3
Gluonic 28" (BY — ¢9) ' 0.03 0.02
penguin 281 (B? - K*K*°) - 0.02 < 0.02
28°F (B — GK?) 0.17 [14] 0.05 0.02
Right-handed 281 (BY = ¢) - 0.02 < 0.01
currents 71(BY — ¢y) /7o - 1% 0.2%
Electroweak S3(B" = K*'u*p—;1 < ¢* < 6GeV?/c?) 0.08 [1] 0.008 0.02
penguin so Arp(B° = K*%u*pu™) 25% [14] 2% 7%
AKutp ;1 < ¢ < 6GeV/ch) 0.25 [17] 0.025 ~ 0.02
B(Bt = ntptp)/B(B* = Ktutu~) 25% [10] 2.5% ~10%
Higgs B(BY — u ) 1.5 %1079 [J] 015x10°| 03x10°°
penguin B(B° = u*pu~)/B(BY = p*up) - ~ 35% ~ 5%
Unitarity v (B = DY KW®) ~ 10-12° [19, 20)] 0.9° negligible
triangle v (B? = DK) = 2.0° negligible
angles B8 (B°— J/YK?) 0.8° [14] 0.2° negligible
Charm Ar 2.3x107% [15] ]0.40x 10§ 0.07 x 10~* -
CP violation AAcp 21x103[7] J065x10°R0.12%x 1073

[« With ~8 fb-! in 2018 — LHCD in high-precision era R

e With ~50 fb-! in 2028 — LHCb upgrade in very-high precision era

Ly will be on the verge of reaching theoretical uncertainties!

Simon Akar SFP 2015, LHCb: Run I Results and Future Prospects
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% Summary & Outlook

e LHCb @ Run|

e Excellent performances of the LHCb detector

e Several interesting tensions exist with the SM in the heavy
quark flavor sector

» LHCb @ Run Il

e LHCDb detector is ready and already shows good performances
e Started analyzing the first data @ 13 TeV

e LHCb Upgrade

e Mandatory to reach experimental precisions of the order of the
theoretical uncertainties

 The objective of 50 fb! collected in 10 years is made possible
thanks to an efficient and selective software trigger

Simon Akar SFP 2015, LHCb: Run I Results and Future Prospects 33



Spare slides
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ﬁﬁﬁ@ The LHCb experiment
Physics performances — Run I

7

= 25 v v v v - -
. . é ! 2012: 4 + 4 ToV 2012
* Integrated luminosity g o | Ermines il
e 1fb!@ 7 TeV (2011) 5 | s o
e 21fb! @ 8TeV (2012) Y 2011]
€ 1 3
e Excellent LHCb performances 8 osf .
e >99%; detector channels working g N N — Di”ﬂ“‘

e >99% collected data good for analysis Date

. . 8| LHC Fill 2651

e Stable operations with L ~ 2xLgesign Rl = |

2 ATLAS\“‘W\\\ |

 |uminosity leveling 5 | |

* Displaced pp beams 10°} Luminosity potential exhausted |

e Constant running conditions "> 56aMeead-on |

: L [ LHCb N 10%

 Lower instantaneous luminosity e ~4X10% cMS

* Lower pile-up | Beam?2 m |

e Better tracking and PID performances \ peam

10%} [ LdeS|gn o 2X1 032 cm 28

T 5 20
Fill duration [h]
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ﬁiyﬁé The LHCb experiment
Motivations for the Upgrade

40 MHz bunch crossing rate

® Increase of LHC luminosity and energy ~
- 4X1032 cm-zs-l — 2X1033 cm-ls-l LO Hardware Trigger : 1 MHz

readout, high E+/Pr signatures
- 8TeV — 14 TeV
- Pile-up: ~1 — ~5§

@ Main bott|e-neCk ;:Ef‘(:;\:eo?‘::c;zs:‘t;:i::r:ned to trigger
- Hardware trigger (LO) and DAQ __selection aigorithms
o O O
- Rate limited by bandwidth to 1 MHz 5 kHz Rate to storage

2 kHz

2 kHz Inclusive/ 1 kiz

® With high luminosities ropegicn Bxcusive "o
- Events busier, reconstruction more difficult - : :

- Harsher cuts required on pt and Et N My /i//
- Higher radiation damage § RN )

. . — "
In order to increase LHCDb statistics significantly, : :
the detector upgrade is essential to go beyond : :

. the current limitations ) sy’ idesign 12012

Luminosity [x10 “cm2s )
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5 I‘{ﬁg LHCb Upgrade
Strategy

® Readout every LHC bunch crossing: 40 MHz
- Remove hardware trigger (LO)
- Replace front-end electronics
- Multi-Tb/s readout network

@ Full software trigger
- Very flexible and adaptable
- Full event information can be used
- Large gains for hadronic triggers

- Keep performance of muon-triggers
[CERN-LHCC-2014-016] Trigger Upgrade TDR

@ Upgraded sub-detectors
- Redesigned to cope with upgrade running
conditions (high radiation, occupancy, ...)

- Redesign the readout architecture to increase
bandwidth

30 MHz

v
Full Software Trigger

LLT (optional)
Pr of ha K, €,y

l 15 to 30 MHz

Full track reconstruction
l 1 to 2MHz

Track fit
RICH particle ID

Inclusive and exclusive selections

v
20 to 100 kHz
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LHCb Upgrade
Strategy

VERTEX DETECTOR

»

Sm

@ 40 MHz

COLLISIONS Ve ' /
]__ OCd /

'i_‘_‘_"u'"lﬂi“

[p— l"‘

15 Pl

~3(0 MHzZ
VISIBLES

|F|

}"||?||r|[{"‘ﬂ"

> =
INTERACTIONS

—S5m

5

TRACKING SYSTEM
|

’ T1 T2

.

\ \'\'\‘:\ "" — !
p'...- ’.‘,:f'

u('*:"=-----2 !
_ IV oo
=L Hln, =
& |
‘j }'ﬁ?ff}?/‘!/// /7’:;?'2"”5/ f. [
Mm H {," f; :

/u,/*f 'H

/11 !)

SPD/PS 1. ALM2
Magnct ECAL

2
\\ \ yT3 RICH2 4/

e Full Software Trigger:
30 — (0.02 — 0.1) MHz

fill|

RICH DETECTORS

replace HPDs
New electronics

MUON SYSTEM
New electronics

CALORIMETERS

reduce PMT gain
Updated electronics

=

Simon Akar
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LHCb Upgrade
Vertex Detector

[CERN-LHCC-2013-021]
VELO Upgrade TDR

-

SFP 2015, LHCb: Run I Results
and Futnre Prosnects
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LHCb Upgrade
Vertex Detector: current design

@ VErtex LOcator (VELO)

- Two movable halves:

- 30 mm during injection
- 5 mm when fully closed

© 1t measurement @ 8.3 mm

- R-¢ sensors:

- Silicon microstrips
- 21 modules per half

- Excellent performances: R sensor 1m

© SANSOrs

* hit resolution <4 ym cross section at y=0 «

60 mrad

100 T X
E

\s=8TeV - : ] | :
90 - . | 15 mrad
—e— 2012 Data | . z |

-=— Simulation

VETO ineraction region
statons e o o=53cm
most upstream

VELO staton

o(IP) [um]
s e 2

LHCb VELO ‘ , | .

: 2012 Data: o = 11.6 + 23.4/p, X N\ R N '}
3 Simulation: o = 11.6 + 22.6/p_ e -l ,, B
o 05 1 15 2

25 3
1ip_ [c/Ge VELO fully closed VELO fully open
pT[ Vi (stable beam) yops
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% LHCb Upgrade
Vertex Detector: upgrade design

@ Upgrade challenge

- Harsher conditions:

- resist to very high radiation

- handle increased occupancies
- Hold or improve performances:

- lower material budget
- handle high data volume
- enlarge acceptance

@ Technical choice
- Hybrid pixel detector:

- 55%x55 um? silicon pixel sensors

- micro-channel cooling =
- Move closer to the beam: :’ [ |

« 5 - 3.5 mm (closed) e "_,

1t measurement: 8.3 - 5.1 mm e

Ultra Low Profile
Connectors

SFP 2015, LHCb: Run I Results
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LHCb Upgrade
Vertex Detector: expected performances

and Futnre Prosnects

21.0F  teenen, LA U sy )| R R I o9 1] A .
% ]‘0 +' ’ streten, - ."' % l.OE' : PR e 0. ) -ty % 1‘0 T T e ¢ .##++++o
. A e e a s SN 7 RS - . - 1 i S Ahhhhhas s 9N e - * ;
s [f - N - T B PR - A e
Ea .. QLI:]‘ .. _— Qu-j }. _;_-?3 E;..:':..“.'....'....'..-j. |
0.9 = 0.9} ) i - 0.9} ok -
-+ Cu rrent VELO . h Cu rrent VELO q . EEf;D: XA(I l’.‘l) G(A(l !(AI) 1000
! Upgrade VELO | Upgrade VELO‘ P, [MeVie) ‘
o, LHCb simulation + _ LHCb simulation LHCD simulation |
PR EPEPEFEPE B EPEPEPEr PRI B SRR B 0.8— L L
08775 3 4 5 T 0 100 0 1000 2000[M w3(i°°
n ¢ [degree] P LVIEVIC
,El()(): ————— :
- ~ = 90* LHCb simulation -
= 80F 3
° ° s s (@] - .
e With simulated events @ L = 2x10** cm™s™!: S 70F
- Improvement of: 2 60F >
Ly impact parameter resolution “gig 3 2 F
S a. 2 . e
Ly efficiency over pr, ¢ and n = 0ok o E
- y, -
b current VELO :
1oF Upgrade VELO 3
: " PR ST T ST ST S S S S S— 5
% 1 2 3
1/pT [GeV¢]
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LHCb Upgrade
Tracking Stations

[CERN-LHCC-2014-001]
Tracker Upgrade TDR

SFP 2015, LHCb: Run I Results
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LHCb Upgrade
Tracking Stations: current system

Outer Tracker
Straw tubes

@ Current performances:
- Excellent mass resolution
- Background level very low

- b-hadron world’s best mass measurements
(including hits in the VELO)

[Phys.Lett.B 708 (2012) 241-248]
77—

Inner Tracker
Silicon

250

o =7 MeV/c?
200

150

Events / ( 5 MeV/c?)

Q) T-stations
& Trigger

100
Tracker Silicon

50
Upstream track
’

5300 5350 5400 5450 TT s

0

/

M(hy 0) [MeV/cY) Long track T track
® Main limitation. [ ™T .

: VELO ™ ¥E====—e__
- Cannot cope with expected VELO track

occupancies of the upgrade

running conditions
T1T2 T3
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LHCb Upgrade
Upstream Tracker (UT)

1719 mm

~| UTbX

|<

@ TT — Upstream Tracker

- Keep same geometry:
- four layers of Si-strips

UTaX
- Use finer granularity: i
- granularity varies according to
the expected occupancies _
- reduce ghost rates grm
- Lower material budget: )
+ thinner sensors: 500 — 300 um
- Sensors closer to beam-pipe: !
- Increase acceptance @ large n
70 §¢U | S SRS B AL B AL SLALALILN ELELELIL A | 5 wl— . .
60 : Good tracks e\i ' @ T -: Inclusive b events, Le2x10"ce s 5
ZF |- Chostracka ot £ —uT N1 E I e ;
E 50 : : : : g 14 41 T ! ]
= LHCb Simulation g {1 & sl .
o} 40 : . : ) c 1 -: - i 1
) .Q.- R ; 3‘ i i
€ 20 B 1% <
3 T 15 current TT |
20 x 10 Upgrade UT *
S p 4 B LHCb Simulation ]
10 : - — : s SRR : 5 ]
, T s A L =2x10*®* cm2s! |
0 50 100 150 200 250 300 350 400 R S s 1 I EEEEE—,
Number of VELO Tracks So2 s 3 e e as s etzs p, (GeVic)
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LHCb Upgrade
Sci-Fi Tracker: upgrade design

32.59mm

<

@ T-stations — Sci-Fi Tracker

- Scintillating fibres:
- 2.5mlong & 250 um diameter

- arranged in 12 layers to cover the acceptance

- Light detection:
- SiPMs outside the acceptance

L minimize radiation damages signal 1 e [ F
- read-out with FE electronics @ 40 MHz amplitude , I N Sondngiure  Chamneloutine
- Radiation hardness of fibres — validated pos
SiPMs |
~ : T = channel
~ pixel TN AT =
= I ,_:4.}1;. | ’& )
» 1 . .,—*‘f:\ y h t
mirror NN N
: L EY | P
N ," \{ ,/" 3
E :»-._.-f‘.;.- i ;L“)—‘  —
e OEBA
; AR\ | A
‘ fibre || [ | @ =250 um
v T /N i..' ) = .

o))
"]
=
N
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LHCb Upgrade
Sci-Fi Tracker: expected performances

—

c>)~. 1 I T T c>),. : T + - - T - " - - q
= (.95 - ] % 3 = — - ——
% 09| . +++++++ + | B 07 I E
I +4 . Rt + 0.6 ———=
0.85 +++ + 4T, - . 05F :
: -4 0.4 =
0.8} ‘+‘current = 03E '+' current _
0.75 : . 0.2 + upgrade LHCDb simulation
LHCb simulation + upgrade | 0.1F =
1l ! _— | _ _ N - 1 ‘ X |
0.7% ; 3 5 075 5 10
n #PV
( \ 8 1>_ 1 T A
® [ ] [ ] m ’— _4
o Benefits of the Sci-Fi concept: Z gz 4 curen :
- Improved tracking performance | & o7f e E
at upgrade luminosity 0.6f T upgrade ——
- Fast pattern recognition for HLT 0.5 — ——
° 04 - e e =
- A single technology to operate 03k . - :
- Uniform material budget 02f e 3
& . 0.1 == LHCb simulation
"0 5 10
#PV
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LHCb Upgrade
Particle Identification

[CERN LHCC 2013- 022]
PID Upgrade TDR 4

)\ .-;\;/\ MY~
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LHCb Upgrade
PID: RICH Detectors

7

® Two RICH detectors

- Separates between K, T and p

- Cherenkov light:
- produced by particles traversing the radiator

- collected by HPDs outside the acceptance

® Upgrade RICH detectors
- Due to high occupancies:
- remove aerogel radiator from RICH1
- optimise optics in RICH1 to spread out Cherenkov rings

- Readout @ 40 MHz:

- replace HPDs (embedded FE @ 1MHz) by
Multi-Anode-PMTs

Maghetic Detectors
Shield 4
'y _259 ««a
Ae[ogel F .- ?. o Spheflca'
Mirror
CaF10 /
L= .. . Beam pi
P — '? $ L v _p'.%e
VELO / \l > Track
exit window \
gf( od| [ FCarbon Fiber
=) Exit Window

Photon

Plane
Mirror

2 e
% current geom. @2x1032 cm-2 -1 ,i -
§ | currentgeom. @1x10% cm-?s-! /5T ?
& 10l current geom. @2x1033 cm-2 g1 / f'." ®
€ | upgrade geom. @2x103%3 cm-2s-! AR >
< I i, <
$ i 2
o ‘ 4 ". é
,' ‘ o ‘ 4
” ’ ‘ g ﬁ. §
‘”J,‘ o i."
o
/‘ .
A
B
"/
AT IPET ST I JP A BTEARY_ 4 EPETET TN A S A BrS ST S
b e 70 75 80 85 95 100

20
Kaon 1D Efficiency / %

10°
Momentum (MeV/c)
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ﬁ gﬁé LHCDb Upgrade
PID: Calorimeters & Muon system

'@ Calorimeters (ECAL & HCAL) s
~. 800 Preliminary

- Current performance: 2 R Vo=7TevData
- reconstruction of neutral hadrons ' Mbs ‘
- measured Er used in LO =
gt w0 — Yy
- Upgrade § 400 \
remove PS and SPS (occupancy / no LO0) “ 300 | |

- reduce PMT gain & adapt electronics 200 !
for 40 MHz readout 1006 o

- replace inner-most part of ECAL due to {57 e R A
radiation damage before ~20 fb™’
- HCAL ok up to ~50 fb-*

@ Muon system

- Current performance:
- high detection efficiency ¢(py) =(97.3 £1.2)%
- low misidentification rates
- important in the LO scheme
- Upgrade:
- remove 15t muon station (occupancy / no L0) |
- keep on-detector electronics SR A -
(already @ 40 MHz) 10000 11000
- new off-detector electronics m( ) [MeV/e?]

~ 600

Candidat (25 MeV/e?)
» |
=
7))

Ny —
g —
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