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MANCHESTER LHCDb timeline

® LHC run-1(2010-2012):
= | HCb data taken
® LHC run-2 (2015-2018):

= Enlarged computing cluster for event filter farm, added forward shower
counters

® LHC run-3 (2020-2023):
= | HCb upgrade

® | HC run-4+ (2025-):
= | HCb upgrade+
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O. Bruning, HL-LHC ECFA Workshop

LHCDb and the LHC

LHCDb run-2

LHCb upgrade

installation

LHCb upgrade
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Why upgrade?”

design 2012
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° Want to go from ~2fb’" per year to
~5fb”" per year
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® Need to increase instanganleous
luminosity to 2x10%cm™s’

Trigger yield [rel. to 10 **)
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® Hardware trigger osf
saturating already for hadronic final oe!
states

= Higher luminosity
requires tighter cuts
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= No increase in signal
yield possible

*Detailed physics motivation in
talks by Vincenzo, Xabier, MG 4
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— Framework TDR, CERN-LHCC-2012-007
— Upgrade physics and trigger performance, LHCb-PUB-2014-040



How to upgrade?

® Remove hardware trigger as bottle-neck
® Read out full detector at 40 MHz
® Use full software trigger

® Maintain or improve current detector performance

1 LH LHCb upgrade
= Momentum resolution S E——_
= Tracking efficiency Y
& 20
= Ghost rate 5

= Material budget

5 0 5 20
Luminosity (10°“/cm®)
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I5MHz inelastic event rate

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

[ Software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive
\___selection algorithms . y
5 kHz Rate to storage
2 kHz
Inclusive/

Exclusive
Charm

1 kHz
Muon and
DiMuon

2 kHz
Inclusive
Topological
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I5MHz inelastic event rate

~~ <> =’

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

( Defer 20% to disk J

>~ "2

[ Software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to trigger
time constraints

\

Mixture of exclusive and inclusive

\ selection algorithms )

<> I

Run- |
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I5MHz inelastic event rate

~~ <> =’

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

( Defer 20% to disk J

>~ "2

[ Software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to trigger
time constraints

w

Mixture of exclusive and inclusive

\ selection algorithms

> > I
Run-|

Trigger

LHCb 2015 Trigger Diagram

30 MHz inelastic event rate

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

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

[

Buffer events to disk, perform online
detector calibration and alignment

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




MANCHESTER

[
1824
The University of Manchester

LHCb 2015 Trigger Diagram LHCb Upgrade Trigger Diagram
30 MHz inelastic event rate

I5MHz inelastic event rate

‘U’ O O and full event rate building
LO Hardware Trigger : 1 MHz ‘U' O 'O'

30 MHz inelastic event rate

readout, high Er/Pr signatures select high Er/Pr (h*/u/e/y)

. Software High Level Trigger

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

[ Defer 20% to disk J Software High Level Trigger

Partial event reconstruction, select
v displaced tracks/vertices and dimuons
[ Software High Level Trigger ) : Run-by-fun d?tector
. . calibration
29000 Logical CPU cores Buffer events to disk, perform online

Offline reconstruction tuned to trigger \ detector calibration and alignment
time constraints Y
Mixture of exclusive and inclusive Full offline-like event selection, mixture Add offline precision particle identification
selection alaorithms of inclusive and exclusive triggers and track quality information to selections

» P B
2-10 GB/s rate to storage

Run-3+

> > I
Run-|
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LHCDb simulation
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Light weight support .
pipes (D=6x1mm carbon) } O

0””1””2 3
l/p[GeV'lc]
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New pixel detector

Overall better performance
with full 40MHz readout
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— Less material

New scintillating fibre
tracker after magnet
— Higher granularity

Vertex LLocator

New pixel detector

Overall better performance
with full 40MHz readout
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Tracking

New silicon strip tracker
before magnet
— Less material

New scintillating fibre
tracker after magnet
— Higher granularity

Vertex LLocator

New pixel detector

Overall better performance
with full 40MHz readout

Detector

RICH

New photon detectors
Improved mirror geometry

s Black :Lumi4 current geomelry
a Blue :Lumi10 current geometry Fo
« Red :Lumi20 current geometry # f’
[ o Green ' Lumi20 upgraded geometry 4
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RICH Calorimeter+Muon
Remove MI, SPD, PS

New photon detectors
Improved mirror geometry

Tracking

New silicon strip tracker 4 (V24 \

before magnet
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New scintillating fibre
tracker after magnet
— Higher granularity
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Background retention
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Signal efficiency

Vertex Locator i‘?‘ ' " | |
New pixel detector ? > |
Overall better performance E

with full 40MHz readout
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New calorimeter FE electronics
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MuonlD efficiency at 2x10* cm? s, {5=14 TeV 3

2012 conditions: 4 x 10* cm2 51, S0 ns, {3+ 8 TeV
Upgrade conditions - 2x10” cma? 52, 2515, (5= 14 TeV

Upgrade conditions and DLL. >4
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Physics performance:
Assumptions

® Run-2
= Cross-section increases linearly with /s

= Non-muon trigger efficiency suffers from tighter thresholds
and have a factor 2 lower efficiency

- -
= 2fb per year, 5fb in total for run-2

® Upgrade
= Further cross-section increase for 14 TeV

= Removal of hardware trigger brings factor 2 efficiency boost
for non-muon triggered events

y
= ~5fb per year
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EW+top
physics

Exotica
searches

Central
exclusive
production

CPV &
mixing in beauty
hadrons

Heavy
flavour
spectroscopy

CPV &

mixing in charm
hadrons

b—sy/sll decays
FCNC and forbidden
B decays

Rare
and forbidden
charm decays




Charm physics



Charm

® Recent highlights

® What's expected for the future



Sources of charm

R

DO
® Prompt charm ~ Do
® Semileptonic b-hadron decays i
P Y B..-__U

“
-
“
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® Hadronic B decays
= Not only useful to measure CKM Yy

= Also revealed first spin-3 charm state
— LHCDb collaboration, Phys. Rev. Lett. | 3 (2014) 162001



MANCHESTER

® World leading
results for
(semi-)muonic
final states

® VWork ongoing for
states involving
electrons

® Hunting for non-
resonant
contributions

‘ CLEO I ° BaBar

Rare charm Ehat

Belle ~ E789 HERAB
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Mixing and
indirect CP violation
( D, 2)=p|D%+q|D°

CP violation:
n=mi)l  |q/p|#0
z-I'|)/2I' d=arg(q/p)*#0,TT

lirect CP violation:
cp™ = -am y cos® - x sind
with am = Z(|9/,|*-1)




Mixing discovery

/
MIX

A o
%

Nws(t b TPyt :
R(t) = Noe ((t)) ~ Rq+ Rpy = + i (;)2 zﬁfﬂ} afiznbm YYYYY
® First Single-experiment measurement S:’ N"'““"“"f"":'».A___T]____..s ;
>50 significance N P
N
® Rotation of mixing parameters by e e
strong phase difference: x,y = x’,y’ 0 2 4 6

15 Phys. Rev. Lett. 110, 101802 (2013)



B ¥ Mixing and CP violation

e Update with 3 fb"!

® Split by flavour to search for
CP violation

= x’*=|q/p|*' (X’ cos® % y’ sin®)
= v'i=|q/p|*'(y’ cos® F X’ sin®)

® No indication for CP violation

- T T T ] T T L) | L] L] L]

o112 1o LHCb 20127
w10F ... — 1o LHCb 2013
8f .
6| .
4f- :
2 .
1 1 1 | 1 1 1 1 M M M
04 02 0 0.2
12 -3
x'“[107]

PRL 111 (2013) 251801

R}, [1073] 3.54540.08240.048
y't (1079 5.1+ 1.2 +£0.7
2% [107°] 4.9+ 6.0 £3.6
Ry [107%] 3.59140.081 £0.048
Y~ [1077] 45+ 1.2 +£0.7
2?7 [107°] 6.0+ 5.8 £3.6

—




EE= | ndirect CP violation

® Measure asymmetries of effective lifetimes of decays to CP eigenstates:

ind

= A~ a_ycosd + xsind = -acp

® Measures ability of both mass eigenstates to decay to CP eigenstate

0 -+ 0

- +

® Measurements use D 2K K and D =TT 1T decays

® Prompt D +-tagged Ifb-I(PRL 112 (2OI4) 041801):

= Ar(KK) =(-0.35+0.62+0. I2)>< IO S AR(TTTT) = (O 33+1.06+0.14)x IO
® D from semi-leptonic B decays, U -tagged 3fb (arX|v 1501.06777):

= A(KK) = (-1.34+0.77%0.30)% IO Ar(TrTr) = (-0.92%1.45=0. 29)>< IO

e Data
=11 — it

Prompt signal

‘A.‘ ottt M as Botoo .‘.’“

| Promptsigal MM& m ﬁ&uﬁ

| e Data
| — Fit

¢ ¢

LHCb Prompt DO—T1T-1T*
| | I | | | | I

| | | | | | |
1 2 3 t[ps]

PRL 112 (2014) 041801
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MANCHESIER O _> " & Belle, PRD89 (2014) 091103
The University of Manchester S ) - B ’ .

o KKK and KsTTrTT

= complex assembly
of different resonances

= including flavour and CP eigenstates
® Study decay-time dependence of resonances
= Decay-time dependent Dalitz-plot analysis
® Access to individual mixing and CPV parameters

= X, Y |a/p|, ¢

® Results coming soon
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< | HFAG WA May2014,KSkhonly
1 HFAG WA May 2014 w/o WS Kpi
05
Precise
0 constraints
05~ if x and vy
1 provided,
mostly from
Ar
Direct
access to
lg/pl and @
from Kshh
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= R S T
HFAG WA May 2014, KShh only
L1 HFAG WA May 2014 w/o WS Kpi

Direct
access to

la/pl and @
from Kshh

Precise
constraints
if x and vy
provided,
mostly from

Ar

Contributions

L LI s m | AL

HFAG WA May 2014, WS Kpi only _

WS Kr:
symmetric in @,

good sensitivity to
lq/pl for small @
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" [ ] HFAG WA May 2014, KShh only
LI HRAG WA May 2014 w/o WS Kpi

05— —

| Y Y Y

Precise
constraints
1 Fifxandy
| | provided,

06 /7 08 1 12
A=
Direct
access to
la/pl and @
from Kshh

PR |
16

mostly from
lq/p Ar

Contributions

b

T

HFAG WA May 2014, WS Kpi only

T L

") HFAG WA May 2014 w/o WS Kpi

[ HFAG WA May 2014, WS Kpi only
[ HFAG WA May 2014

WS Kr:
symmetric in @,

good sensitivity to
lq/pl for small @

Full average
following
intersection
of contours
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Direct CP violation

K act CP violation:
[(D°—)-r(D°—f)
[(DO—f)+I(D°—f)

dir —

dCP




The Aacp saga

® What is Aacp!

Aacp = acp(K"K") —acp(A™ ") = araw(K K") — Graw (T~ 7).
e ——— - D,

® [nterplay of direct and indirect CP violation

Aacp = A(lgi,'; (] +.\‘Cp%> 'Jr'/_\r%,).
® |ndividual asymmetries are expected to

have opposite sigh due to CKM structure
AD" = ntn, KTK™) = :{:%(\;S\'* — VedViy) (T £6S) — Vo Vi (P F %(5’1’) .

us ud ub

N EPJC 73 (2013) 2373
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| atest results

® D*-tagged (201 | data, preliminary)

AAcp = (—0.34 +0.15 (stat.) £ 0.10 (syst.))% .

C eem— —————————
LHCb-CONF-2013-003

® muon-tagged (201 | +12 data)

AAcp = (+0.14 £+ 0.16 (stat) = 0.08 (syst)) % ,

JHEP 07 (2014) 014
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B2 ndividual aSYmmetnes
araw(K'K') | Tace(KKY) |

measure </ want </
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¥ ndividual asymmetrles

-

.

araw(KK™)

acp(K"K™)

measure </ want </

D from B/
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¥ ndividual asymmetrles

-

.

araw(KK™)

acp(K"K™)

measure </ want </

DO— K11t

D from B/
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¥ ndividual asymmetrles
4 araw(KK) | lacp(K-KH) |

measure </ want </

\ DO— K-ttt D from B/

ap(K117) /

23



¥ ndividual asymmetrles
4 araw(KK) | lacp(K-KH) |

measure </ want </

\ DO— K-ttt D from B/

ap(K117) /

/ k D= K111 Prompt D\

o /

23




¥ ndividual asymmetrles

-~

araw(K'K") | Tacp(K-KY)

measure / want </

D from B/

S DO— K-TT*
oy <
A
ap(D™), ap(1T") </
o /

23



¥ ndividual asymmetrles

-~

araw(KK™)

acp(K"K™)

measure </ want </

D from B/

\_ DO— K11t

ap(K117) /
R
ap(D™), ap(TT%) </
S N— D" o KeTT )

23



¥ ndividual asymmetrles

-~

.

araw(KK™)

acp(K"K™)

measure </ want </

DO— K11t

D from B/

ap(K117) /

-~

L Df2K-117'11" Prompt D\

ap(D™), ap(T1T") </




B8 @ ndividual asymmetries
a(B) ||

araw(K_K-l-) aCP(K'K+)

measure </ want </

;\aD(H+)‘

DO%— K-11*
ap(K-1T%) / \ assume no CPV in
Cabibbo-favoured
LD+_,K-TI-+TI-+ final states

ap(D*), ap(TT*) —
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(A)acp results

® |gnoring contribution from indirect CPV

S o o
S N BN

e
-----

Acp(K K7) [%]

xS0
ooooo
SOd<

1 l '

1 05 0 0.5 1
Ap(m®) [%]

|

Acp(K~K™) = (—0.06 £ 0.15 (stat) £ 0.10 (syst))%, 5 JHEP 07 (2014) 014
DR | ———

24
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Direct vs indirect

58 RN FAG-charm

3 0.015 """
0.01
0.005 |-

0 &
0005 PR AL
oo N
-0.015
-0.02

I??llllll

Illlllllllllll]

| |

-0.02 -0.015 -0.01 -0.005 O

Results:

= acp" = (0.013 £ 0.052)%; Aacp’ " = (-0.253 + 0.104)%
= no CPV sz = 5.9; corresponds to CL of 5. Ix1072

25

X

" MGP BaBar

> AA,, Belle prel.

v @ AAg, COF
R G559 AA., LHCD prompt prel
< FZZ2) AAgp LHCD semil.
% = A, LHCb 2010

> .55 A, BaBar

g ~ 1 A, Belle prel.

A, LHCb KK
= | G223 A LHCb =
Sy

~—
ve

N

X

~

A l | x \ l bk |

AN I B T
0.005 0.01 0.015 0.02
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Guessing the future
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wii¥ Extrapolations

Jysin | Lin L
Tev | for | MO | = =) @ Calculate equivalent

luminosities to 7 TeV
2011

' s 5 4 23 33 ® Extrapolate signal

(2012) , ,
yields accordingly

2 13 5 05 46 7.9
® Based on existing

S 14 15 2 60 68 run-| measurements
4 14 925 2 100 168 where available

27



BRI Future charm measurements

o A, WS KT, AAcp
= |nherently robust against systematics due to cancellations
= Not all at the same level, but no limiting uncertainty known
® yop= T/ Tk- | =y
= Comparison of two different final states

= | ess robust but controllable if lifetime bias easier to account
for

® K TTTT

= | eading systematics are either model uncertainties or
measurements of CP content at threshold

= Relies on input from BESIII

28



' Future sensitivities

® Scaling sensitivities with +/N

= Assumes scaling of systematic uncertainties

= |gnores potential improvements in selections and analyses
® Aacp: uncertainty IO_4 at 50 fb~

® Mixing and indirect CPV sensitivities of current world average + LHCb

09 | yI00 | lpi[10% |
1 1.22 0.53 59 89

2 0.92 0.37 44 70

3 0.42 0.15 20 33

4 0.25 0.09 12 20

29



B8 The need for the upgrade

< 1 WA+ L[-::Cb extrapoiation, LHC run 1
WA + LHCDb extrapolation, LHC run 2

0 .2 —H== WA + LHCb extrapolation, LHC run 3

- — WA + LHCb extrapolation, LHC run 4

30



Conclusions

® Huge potential of LHCb upgrade
= Preparations for installation in 2018 on schedule

® | HCDb is currently the main player in charm physics

= Will probe SM level CP violation with LHCb
upgrade

® The goal is not only to find CP violation in charm
but also to identify its nature

31



