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LHCDb Design
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Collaboration

800 Authors
1500 Members

70 Institutes
16 Countries
11 UK Institutes (~20% Collab.)

Birmingham, Bristol, Cambridge, Edinburgh, Glasgow,
Liverpool, Oxford, Imperial College, Manchester, RAL, Warwick



Aims & Critical Components

L HCDb:
* study CP violation |
 rare B decays gI"I
—->New Physics "‘

*Requirements:
- efficient trigger on leptons and hadron channels
- efficient particle ID for flavour tagging and
background rejection
« good proper time resolution for time
dependent measurements of Bs decays
« good B mass reconstruction for background
rejection




B Production

L HC: pp-collisions @ 7-13TeV
-~2 fb”! Nominal data taking year of 10’s

Lorentz boost

0
*Pile-up at high luminosity

*Choose 4x103? cm=2 s
=>»most events have single interactions

LHC reached early in run

LHCb: forward spectrometer

Probability

bb correlated /15-250 mrad acceptance

Interactions/crossing
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Complementarity of LHCb

i CMms ——
— == =

* Angular acceptance of LHCb complementary to ATLAS/CMS

 LHCDb Vertex Detector & Particle ID systems
« Will describe later

 LHCDb emphasis on individual particles measurements not jets



Has Santa Claus Brought New Physics ?

Direct Observation [l Two ways to find out

‘&* Indirect Effects
Rl | T3

=

But they can have an effect as
virtual particles especially in loops

Presents with MC?>E
cannot be produced directly

This kind of approach is sensitive to particles far heavier than produced
directly at a collider. It is what flavour physics is about it lets you see
beyond the energy frontier.




LHCb:A New Era in Flavour Physics

5—4—-—1—'—!—‘—§ 1 Discovering New Physics

S < JESO through indirect effects:
sensitive far beyond
direct particle production reach

BO

———
)
/

BB, oscillations: “Box™ diagram

* Precision Measurements
— Challenging forward region at hadron

collider Key LHCb
— Need events ! Attributes:
. : Cross-section,
— Need detailed understanding e
of detector & systematics Trigger,
« Compelling results Vertex Resolution,
_ p J _ Momentum Resol.,

Chris Parkes




LHCDb Physics

400 Physics papers to date
60 physics papers in 2017
» Direct CP Violation in B, Decays

* RICH detector
» Time Dependent CP Violation in B, Decays

* VELO detector
* Rare Decays: B=2>puu
» Spectroscopy: Pentaquark Discovery

* Greig Cowan tomorrow
» Lepton Universality — violation hints

« Simone Bifani tomorrow

Chris Parkes, YETI, January 2018



CP Violation Refresher

R)=p|P)+qP?)| |4, =(/IHIP)
2)-sle)-dF) | (74P

Q P in decay 5
=1 —.<: f
f
QePin mixing — —
P P
= |
Q GP in interference between mixing and decay Im(l =
P —
e —o 7T
+ +
P P P =)
O+ O—o 7

D>”\D>
Xl
— |

P

‘z




Direct / Time-integrated CP Violation
including discovery of

CP Violation in B_ system




Direct CP Violation: two-body B? & B_ decays

Time-integrated measurement: Direct CP Violation

Direct CP violation
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Direct CP Violation: two-body B? & B_ decays

Time-integrated measurement: Direct CP Violation

Direct CP violation

] i
d. s d, s
-
O W
-
) O

CKM phases " P " Amplitudes and phases due to
QCD interaction among quarks

Chris Parkes 14



Direct CP Violation: two-body B? & B,

Time-integrated meas.urement: Dirgct CP.VioIation
Direct CP violation
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Direct CP Violation: two-body B? & B_ decays

However several different two-body B decays
Separate with Particle ID and mass for BB,

Events/ (8 MeV/c?)

w
o
o
o
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5000—

4000—

LHCb
Preliminary
\]§ =7TeV

Chris Parkes

53 54 55 56 57 58
m(xtn) (GeV/cd)

B=>hh, (h=K,)

B’ -1 K*
B.—Kn'

_— Bg — 7K
B — ntn—
BY - K+K-

— B 5 Kn

(also A\, 3-body backgrounds)

16



Ring Imaging Cherenkov (RICH)

* Unique at LHC: 11/K/p separation

— Measure particle velocity through Cherenkov effect
« Two RICH detectors — lower / higher momentum

PamC\e
A /
Track

RICH2

Photodetectors x{
ﬂ/ z

Flat Mirror

CF,

Spherical
Mirror

12_0mrad

LHCDh
m Chris Parkes, University of Manchester 17

Gas enclosure and mirrors
installed in LHCDb pit




Particle Identification

RICH PID across wide momentum range

—
B
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1 - " 1 " ]
K*— K*: (95.46 + 0.25)%
m*— K*: (7.06 + 0.06)%
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Clean reconstruction of hadronic
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Direct CP Violation: two-body B? & B, decays

| %5 53
Chris Parkes K%~ invariant mass [GeV/c’] K 7* invariant mass [GeV/c’] 19



Indirect / Time-dependent CP Violation
Including constraining

CP Violation in B_ system (¢.)




Neutral B-mesons mixing

0 Feynman (box) diagrams for neutral B-meson mixing:

b > --\i/:——a > d
_ u,c,t .\ u,c,t B
-0 d < "——W———*: b 0
B ) ) ) B
b T w,et T " d
A\ — T W
q - v Uu.c, J b

= Dominated by top quark contribution :
2 *|2 24 6
L - <m,” ViV x m, A

t

=+

<>cm2)»6

_— 2 *
c-C: xm \V,V,

c-T,c-t: wmmV,V, V.V, «mmh®

Chris Parkes

(and similarly for B,)

GIM (=Vckm unitarity):
if u,c,t same mass, everything
cancels by construction!

21



Neutral B-mesons mixing

O Feynman (box) diagrams for neutral B-meson mixing:

b

— d
R
b

—

= Dominated by top quark contribution :

1,
p

Chris Parkes

A

> d

EBO

A 4

d

b

‘ For B° ‘

‘ For BY ‘

‘1

=

U

*

(and similarly for B,)

—p  Sensitivity to a
CKM triangle
side and angle

B

— Sensitivity to side
and equivalent
angle 3, 22



Neutral B-mesons mixing

O Feynman (box) diagrams for neutral B-meson mixing:

b - _\7\7__ - =% » d
_ u,c,t N u,c,t
_O d < \ A _W_ —_ — Pl b 0
B ‘ ‘ B
b _ . uct o > d
W v < W
1 < . u.cC ’ —
d - . Y b
- g and similarly for B
= Dominated by top quark contribution : ( y s)
most important difference with B
replace Via—= Vis
2
V 6
ﬂ»"LLJ—ﬁx%o.m )
Am, 7 [ A = Am, ~12 ps

Am,, =0.5020.006 ps”

A more complete calculation leads to the
Chris Parkes SM expectation of ~18/ps
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Tagging & Decay Time

opposite side | same side (vertexing)

opposite
ide lept +
side lepla N " Decay mode
| Jmentation
‘"1 n . tags b flavor
opposite-side K > | s at decay
D meson |
B jet B hadron P T T T T -
jet charge / B.
Collision Point L typically 1 mm
Creation of bb = 1
| s L
214 B tags production flavor -t =m—

Proper decay time
negative lepton taggers i p from displacement (L)

(e, ) from b-quark and momentum (p)
positive leptons from

b_>c_>| Cascade > Need tO determ|ne
opposite — Flavour at production < tagging
kaon tagger (K")

— Flavour at decay, from final state

— B decay length
Chris Parkes 24



B, Mixing Measurement

CDF discovery 2006, LHCb measurement 2011 £

Most precise measurement of |V ,/V, |
N(B{;q=+1)(t) — N(BJ;q = -1)(t) M

BY) - Dy (KTK—n~)nT

LHCb prelimina ry

(8=TTeV, 340 pb™ OST+SSKT

'40 0.1 0.2 0.

Amix (t) —
0., _ 0.

8. e Tagged mixed
g . e Tagged unmixed
o 4001 Fit mixed
2 i — Fit unmixed
@©
)=, i
€ 200 |
3 i
1+ !

co 1 ........ é i " " M 4

Line is fitted oscillations
Points are data

Am_=17.768 + 0.023 (stat) £ 0.006 (syst) ps™’

Chris I3SarI<es

decay time [ps]

q=-1)(t)

3
t modulo (2n/ Amg) [ ps]

Oscillations occur at 3 trillion Hz !
Observed amplitude is not 1 as smeared

v f _ e dat

S 4000 Y D, —¢m 4

[ i — fit

z M- D
z W B)— D,K*
3 2000+ LHCb misid bkg.
S i W comb bkg.
2

8

Mistag (B or B) of events
Resolution on time

5350 5400 5450 5500 5550
(DS 7*) invariant mass [MeV/c]
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injection

artly overlapping
sensors

2 retractable detector halves
21 stations per half with an R and ¢ sensor
Operates in secondary vacuum

300 um foil separates detector from beam vacuum
8 mm from LHC beam



Velo Roles
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LHCDb: Vertex LOcator

Beauty mesons live 10-"%s
injection _
Multiply by c and y

m ’_. Travel few mm
—p <=

60 mm

Y
vacuum <X—T

artly overlapping
sensors

Chris Parkes



Performance: Vertex Resolution

| X and Y resolution - offline, exactly 1 PV | _’Key _PhySICS qu_antlty In
— 0.05 identifying long lived
= - 2 I ndf 59.8 /33
£0.045F Prob 0.002913 B meson decay
E’ - X - Const 0.1061+ 0.009001
o 0.04 Power 0.6605 + 0.0661
= - Epsilon  0.0004835 + 0.001658
§0'035 = 72 I ndf 43.56 / 33
o 0.03F Prob 0.1034 10 mm
[ = Y-Const  0.1164 +0.0121 < —>
0.025} Power 0.7626 + 0.07157
- Epsilon 0.002562 + 0.00129
0.021 LHCb VELO Preliminary
0.015F \'s = 7 TeV 2011 Data I~
- i
0.01 3 i ,-,-;
0.005F- Pri
0 :l 11 l 11 1 1 l 11 1 1 l 11 1 1 l 11 1 1 l 11 1 1 l 11 1 1 l 11 1 1 l 11 1 rI mary
5 10 15 20 25 30 35 40 Vertex
nTracks

Vertex resolution
*15um in XY at 25 tracks propertime resolution

*7/0umin Z «~50fs tracks



Chris Parkes
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CP violation measurements and prospects CKM metrology: 3 and 35

CP violation in interference between mixing and decay

Colour singlet,’

NP could be difficult to
distinguish from
penguins...

Direct decay
¢p

fep

BO
q
Cb]w\ BO /gD

q
Mixing and decay

Predictions are very precise!

exchange /
+
u,ct
33\(\ w
U 3
Dominant SM “tree” contribution
NP
* bg= by —2bp =204+ + 65",
_ th Vip*
Bq—arg( 2%A _
¢ s and ¢4 determined via global fit to experimental results
° SM — ~ VisVipx \ +0.7
S = —2arg < VeV ) = —37.6" ;g mrad
[CKM Fitter]
o o SM _—_ q; ~ VeaVep* \ +0.020
sin2BSM = sin 2arg (— YLe" ) = 0.740+0 920
[CKM Fitter]
Yy

LHCb: CP violation

F. Dordei (CERN)

31-10-2017 7122



CP violation measurements and prospects CKM metrology: 3 and 35

State of art of ¢

Extensively studied in LHCb, CMS, ATLAS with Run I.
Although there has been impressive progress since the initial measurements at CDF/DO,

the uncertainty needs to be further reduced:

£ o vogr [N
Z 68% CL contours
0.12 (Alog £ =1.15)
CMS 19.7 fb~!
LHCb 3 fb~!
ATLAS 19.2 fb~!
-0.4 -0.2 -0.0 0.2 0.4
¢ [rad]

[HFLAV Summer 2017]

LHCb:
® J/W ¢ [PRL114, 041801 (2015)]
® J/WPWKT K [arXivi1704.08217 (2017)]
® J/WPm T [Phys. Lett. B736, (2014) 186]
® P (2S)d [Phys. Lett. B762 (2016) 253-262]
® D;FD; [PRL113, 211801 (2014)]

CMS:
® J/W o [Phys. Lett. B 757 (2016) 97]

ATLAS:
® J/W¢ [JHEP 08 (2016) 147]

$s = —21 £ 31 mrad

SM _ +0.7
s = —37.67 54 mrad

[HFLAV Summer 2017]

[CKM Fitter]

* World average consistent with SM prediction;
* Exp. uncertainty almost a factor of 30 larger than predictions.

F. Dordei (CERN) LHCb: CP violation 31-10-2017

8/22



Rare Decays
including discovery

of B, uu




Rare Decay Loops

Why are loop dominated decay processes very perceptible to ‘new’ particles?

e You can simply replace an ‘internal quark line’ (the circle) with ‘new’ particles
without affecting the initial and final state of the decay

S
¢ ¢
u,c.t
b +
B, S 5
S ——— 3 S . S

e Momentum flowing through loop should be integrated to “infinity”
— Potential high masses of virtual particles don’t kill their contribution...

e No tree-level diagrams: less competition/pollution from (boring) Standard Model
amplitudes..

Chris Parkes 34



Rare B decays — All active research topics at LHCb

Chris Parkes

DECAY
B? — K*0y
B, — ¢y

B°— wy

BO — K*O M+ M_

Bs—¢0
B — ¢ Ks

B —uru-

—

a ae

3

{e) Gluonicpsnhguin

S
=

TYPE

Radiative penguin

Electroweak
penguin

Gluonic penguin

Rare box diagram

) { #(d)

3 7
(I‘]_ EM penguln _
Radiative penguin

B.R. (approx.)

4.0 x 10-°
2.1x10°
4.6 x 107

1.2 x10%

1.3 x 106
1.4 x 106

3.5x10°

b 1

£ (d)

3
_ _____[g) EM penguin

<Qil

35



The B, — uw*w decay (1/2)

eUnique Experimental signature
eEasy to identify / trigger — good for ATLAS/CMS as well

* Really really rare! But well predicted in SM

+ +
b W _ Wb s u
W
t A Y v, t A Z u-
S . \% S 3 S S W
SM box SM Penguin

» Sensitive to New Physics
B(Bs — pp) 1 SUSY models

~5x 1077 (t%wogf (301(“)(;@")4

4

Chris Parkes 36



First evidence of the B? — p*pu~ decay

LHCD

LHCDb collaboration 2012 2017

e DESK Now 7.80 LHCb alone

25 year long search LHCb Measurement 3.0+0.6+0.3 10°

ted exclusive events the masses of the B’ and B* mesons are determined to be

(5279.5 + 1.6 + 3.0) MeV/c® and (5278.5 + 1.8 + 3.0) MeV/c® respectively. Bran I -9
ching ratios are determined from five events of the type B” —» J/4 K" and three S M t eo r I
of BY — J/¢ K*. In the same data sample a search for B — ete™, ptp~ and = -

p¥e¥ leads to upper limits for such decays.

Table 2 Upper limits for exclusive dilep
ton decays.

— - 71T =
© 35k Total =
o 305 — - Bl > E
E s --= B o ot E
R T T 1 = Combinatorial —
Z e & D B(,, > h*h"” .
& 20F 0 (K~ =
= - = By —> n (K)u'v, 3
= - B'™® Tco(”u*pf =
v-g 15 - 0 — 3
g = —=— Ay > pu v, -
O 10 :— B = Jyu'v, _E
SE E

o = B TS

5800 6000
M- [MeV/c?]

Powerful constraint on SUSY .

5000 5200 54001 5600



Lepton Flavour Universality

* We know that Lepton Flavour Number is not
conserved from neutrino oscillations

* |s electon/muon/tau behaviour universal ?



Lepton Flavour Univerality

 Individually “small” excesses
« But “coherent” set of BSM effects...generating much interest

-eo-LHCb -m-BaBar ——Belle

T Ty

L~ 2.60

1

<3

0:....l....l....

P

[ d[B* — K*prp] | 2

9min

T T T T T T T T T T T
BaBar, PRL109,101802(2012)

C - Average

=

Belle, PRD92,072014(2015) Ay’ = 1.0 contours
LHCb, PRL115,111803(2015)
Belle, PRD94.072007(2016)

Belle, PRL118,211801(2017)

LHCb, FPCP2017

=== SM Predictions

R(D)=0.300(8) HPQCD (2015)
R(D)=0.299(11) FNAL/MILC (2015)
R(D*)=0.252(3) S. Fajfer et al. (2012)

L Co~mbination ~ 40
N = — from SM

P =T71.6%
L Pa-Tier]

I0.3'lII0.4IIIIO.5 0.6
R(D)



Spectroscopy: Exotic States




Spectroscopy: Exotic States

Veluse 8,

umber J PHYSICS LETTERS

e MIESONS: quark, anti-quark

A SCHEMATIC MODEL OF BARYONE AND MESONS '

M, GELL~MANN
California Inslilule of Tecknology, Posedena, Californte

Reoeived 4 Jumunry 1064

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assngn to the triplet t the follnwuV
properties: spin 3, z = -}, and Qar)osl number T
We Lhen refer to the members u3, d-3, and s~ T of
tho triplet as "quarks" 6) q and the members of the

- as apti-quarks . B:\ryons can now he

‘ onfigw tlon (qqq) gives just the represen—
lations 1, 8, and 10 that have been observed, while

Chris Parkes

Baryons: 3 quarks
50 year history of searching for ‘exotic’ states

For example:

WY Tightly and loosely bound multiquark statés
(((sa)(sa))aa)

hexaquark

((sq)(sq))

tetraquark

& n

Any of these states would be
considered an “exotic” hadron.

(@lsa))(qq))
pentaquark

(T(sq))(alZ®))

hexaquark

dihyperon
predicted by Jaffe to be stable
PRL 38,195(1977)

41



LHCb A,%— Jiy p K

[ A0candidates

0 . e
A, signal rq_pge

Chris Parkes

5700

my., »k [MeV]

Invariant mass calculation using’ = p* +m’
with measured momenta
known J/W, p, K masses
E, p, conservation

Clean selection — low background
N\, quark content (udb)

The background
is only 5.4% in
the signal region!

" | The sideband
distributions are flat

reflections from the
other b-hadrons
after the selection

Pentaquark States

LHCb-PAPER-2015-029, arXiv:1507.03414, PRL 115, 07201

Events/(15 MeV)
8 3 8

w
[a=]
(=]

Study two-body mass combinations

A, = PK".P.— ] yp

Quark content J/W (cc), p (uud) *



& ! ! | ; x
%’ 26:__ W (u}K_ 'qé a
o 0 f—— L &
= | 1 —
% 221 1o C
! | 17 8
20:— u « Pc"'—) J/‘.II p — :d. o
- o ? " =
18 . 1, o
: - >
16, I L

2 5 6 .

mzxp [GeV2] {AOW S1)rsang

A(1520) and other A”s - p K-
|
| LHCb +  Unexpected, narrow peak

{a% e N My, p
I

-=- data
1500
1000

— phase space
A*
14.16‘18‘20“2.2“ ‘
A baryon excitations ™ Gev

8
3

R
S

S
S

Events/(20 MeV)

500




Lots More Areas

LHCb designed as heavy flavour

Fixed Target

CMS eeﬂ w

rrrrrrrr

rrrrrrrr

Gas injection °S
” LHCb pu 3 o'
% " ” ;! [J' “ ATLAS ee+uu 4.8 o
gggggggggggggg ) ;J W r ’ DO e 9.7 fb”
'U:L*i::wl“‘?:w ’ ”; l / ( ( CDF ee+un 9.4 o™
e et~ [ |
=] > fj;:_}l /) ,} / /’ SLD: A,
;;i’ ,/ 'J ' ’ LEP + SLD: Alp
” ,” ﬂ' l"| LEP + SLD
— DO production
— 10— T T T T
;" _,_rr*mm LHCb
ST S VSun =5 TeV
o 10
S Ty e
= e R
Ell T
g'% —+- Forward e W“ = :
107" -+ Backward (x0.1) gy T
F £=EPS09LO e E
L = 1EPSO9NLO -
107 [OnCTEQIS —o=
0 .H 2 — 4 6 . ]O
P [GeV/c]

experiment but unique design leads to...

Slnzew e B AFB fOF Z (W)
< 05F LHCb
0 0.4F p>20Gev }
— o 0 E 2.0<n<4.5
% o02F N
¢ |0 0.1;— & —}— data Vs =8 TeV
— - 0 oF i POWHEG + PYTHIA
— E (sin?6%" = 0.2315)
e o .04
E ——
—o— 0 0.2
N b
]° 0'%0 80 100 120 140 160
I | [ | | ° 2 < y < 45 mul‘- [GeV]
0.23 0.231 0.232 0.233
. lept
sin°0,;
90% CT. exclusion regions on [m(A
N, 10 ETT
10°
0 b ]
107 r LHC
0 f
1
lO‘“’é— [ Lucn 1
1071 ;_ Previous Experiments _;
10_13:.1 | Ll A Ll J
107 107 1 10
m(A") [GeV |

General purpose experiment for the forward region




LHCDb Future

.lih\(;(( }D R

Opportunities in flavour physics,

and beyond, in the HL-LHC era
Technical Design Report t

Expression of Interest

Chris Parkes, YETI, January 2018



2% Physics Programme

Limited by Detector
But NOT Limited by LHC

* Upgrade to extend Physics reach
— Exploit advances in detector technology
—Fully Software Trigger, 40MHz readout

— Better utilise LHC capabilities Upgrade |
*HL-LHC not needed

« Upgrade I(a/b) Collect >50 fb-! data |-But compatible
—L~2x1033 cm2 s-1 With HL-LHC phase

« Upgrade Il Collect > 300 fb-! data Upgrade ||
. Utilise HL-LHC

— L~ 1-2x10% cm2 s phase luminosities




Upgrade | — Beyond the Energy Frontier

design today 50

40
- 30
o

,‘ = 20
£ 10
0

Y B— J/yo
N B- nxn
A B— oy

oo

@ @™ N N
RARIRR

==|ntegrated

Trigger yield [rel. to 10 **]

N
T

14
@
TTTTT

o
o
T

........................................

2010 2015 2020

« Hardware 1st Level Trigger = Fully Software Trigger
* Increase Lumi to 2x1033 cm=s-' to collect 50 fb™’
* General purpose detector in forward region

2025

/ / upgrade < 1 deg
New Physics in Rare Decays

I<— now ~ 10 deg —>/
— T R L

New Physics in CP Violation
New Physics in Charm

o

|||||
3

Probe
for tree-level
couplings

Long Lived Stable Particle Searches, Dark Photon Searches

H €LeT€L (€107) O 'f "sAyq “Ing

~



Trigger Evolution — Upgrade |

 Flexibility of Fully Software Trigger

Run Il

LHCb Run-II Trigger Diagram
40 MHz bunch crossing rate

> > >

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

450 kHz 400 kHz 150 kHz

Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

~

Buffer 110 kHz of events to disk

Alignment and calibration

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

> O O

12.5 kHz (0.6 GB/s) to storage

.

Upgrade |

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

-Software High Level Trigger

xclusive kinematic/geometric selection

Buffer events to disk, perform online
detector calibration and alignment
- ‘.

Add offline precision particle identification
and track quality information to selections

[ Full event reconstruction, inclusive and ]
e s

Output full event information for inclusive
triggers, trigger candidates and related
primary vertices for exclusive triggers

. J

> I It




LHCDb Upgrade | for LS2 (2021)

25ns readout, software only triggering

* Major UK construction project

— B’ham, Bristol, Cambridge, Edinburgh, Glasgow, ICL, Liverpool, Manchester,
Oxford, RAL, Warwick

Upgrade Tracker Outer Tracker
Silicon strips Scintillating

Muon MWPC
(almost compatible)

-------------

Calo '
e o, RN PV reducepvr [
(partial) gain, replace R/O)
mechanics

« Collect 50 fb™! during 2020s (Run 3 and 4)




LHCb Upgrade I: Vertex Locator

 Pixel Detector
« 55x55 uym pixels
e |n vacuum

sensor & ASIC

_| € 200 pm on 200 pm

Hybrid 320 pm {

Silicon with
microchannels 400 Hm {

Hybrid 320 pm {

ASIC (VeloPix) final
version

omm from beam

| el » 10% n,/cm?
Mechanical « Retracted for filling

e 13 ™ Bi-phase CO, cooling

Si Microchannel




LHCb Upgrade | : RICH 1&2

* T1/K separation critical to physics
 Most MaPMTs received
and qualified

Flat mirror
reflectivity prototype
exceeds spec.

Elementary Cell



LHC Schedule & LHCDb

2015 2016 2017 2018 2019 2020 2021
a1 {a2|a3|a4]a1 [a2]|a3]|a4]a1]|a2]|a3]|a4]a1|a2]|a3|a4 a1 |az2|a3[a4|a1 [a2[a3[a4]a1 [@2]|23]n4)

Injectors LHCb Run 2 LS 2 r
¢ LHC PHASE |
2022 2023 2024 2025 2026 2027 2028

Q11Q2(Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3[Q4|Q1]|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1 |’ |Q2 Q4|Q1(Q2|Q3|Q4

LHC
Injectors LHCb Upgrade I(a) m LHCb Upgrade I(b) =

° > &= LHC PHASE Il (HL-LHC) =

2029 2030 2031 2032 2033 2034 2035
a1]c2i25fa4]a1]az]a3]a4la1]az]a3]a4]a1]az]a3]as]a1]azTe3]a4]a1]a2]a3]a4]a1 Ja2]a3]as

LHC
Injectors LHCDb Upgrade ll

& - - =
 Schedule till 2020 firm

» GPD main upgrades (phase Il) scheduled for LS3 = ::Z:;cjwn
« HL-LHC Upgrade in LS3 Beam commissioning

 Belle ll finishes ~ 2025 i Technical stop




LHCDb Statistics- Timeline

o LHCb | LHCbUpgradel 1 LHCb Upgrade I
: : /
| |

250 ! ! /
| |

200 ==Integrated Luminosity : :

o : "V /

150 I I
| | /
| |
| |

100 . .
| |
| |

50 I
| |
| |

|

2010 2015 2020 2025 2030 2035




LHCDb Statistics- Timeline

| I
LHCb 1 LHCb Upgrade | 1 LHCb Upgrade Il
600 i .
| |
| | /
| |
- 500 =|ntegrated Luminosity | 1 [
Q2 I I
= | |
@400 | =
[ | |
% ===Cross-section adjusted : : /
5300 : :
= I I /
¢ 200 : :
I |
100 |
|
|
0 - ;
2010 2015 2020 2025 2030 2035

« Adjustment for 7/813/14 TeV cross-sections




LHCDb Statistics- Timeline

LHCb LHCb Upgrade |

LHCb Upgrade Il

1200

1100
1000 ==Integrated Luminosity

900
800
700
600
500
400
300
200
100
0o - . .
2010 2015 2020 2025 2030 2035

===Cross-section adjusted

Trigger adjusted (hadronic)

Run | equivalent fb-?

- o o e o o o e e | o o o

« Assumptions made on relative trigger efficiencies have significant uncertainty



LHCD
* Unique Design at LHC

— Acceptance, Vertex Detector, RICH i
— Originally for CPV and rare decays :
— ...but physics in many other areas also

* Major “textbook” Physics Results
— Searches for New Physics in CPV
— Rare decay observations
— Spectroscopy results (7 new particles in 2017)
* Future Plans
— 2018 is final year of current experiment
— Upgrade I: Under construction, operate 2020s
— Upgrade lI: early studies, operate 2030s
3rd annual workshop on LHCb Future in

Annecy 21-23 March. Theory & experiment. Open to all.



