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Interaction
Paint

Relative beam sizes around IP1 (Atlas) in collision

Veltage on rails [v]

Voltage on beampipe [V]

Bending B field [Gouss]

LEP ¢ LHC @ CERN

TGV
Le correnti indotte dal passaggio del treno sulla
beam pipe di LEP cambiano il campo magnetico.
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LEP ¢ LHC @ CERN

LA LUNA
LEP a mezzanotte ¢ circa ~300 um piu lungo
che a mezzogiorno

— ¢* vedono meno campo magnetico

— E e’ p1u’ piccola

— LI I LI I LI I LI I LI I LI LI
> | & :
ﬁ | November 117, 1992 i
d 5 | ]
oy i i
< I 1
0
5 -
- \‘./ —
Interaction B ]
Point
L1 1 I 1 L1 I L1 1 I L1 1 I L1 1 I L1 1 I 1 L1

23.00  3:.00 700 1100 1500 1%:00 23:.00  3:00

Relative beam sizes around IP1 (Atlas) in collision
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LHC: Moon correction

[“Moon corrections map”: small differences in
gravitational force across LHC diameter. ]

7J¥ YASP OV LHCRING / Besm 1/ PHYSICS-TILTED-SQUEEZE-2012 V@220 _(END) s rals
Rvews | R wmEm B E Moe 58
Tide prediction [1206/421%3450) s &
Reference date 12-06-2012 11:34:50 UTC - Tida! change = 0,00 [permill}
b N M i M i
P
-0.05 1 b
-1-0 '5 t'! 5 ;O
Time [days]
<€ >
20 days
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Instantaneous Luminosity [10%2 cm2 s°1]

-
o
N

T 1711

b
o

LHC

[

~ ATLAS & CMS

|
20

Fill duration [h]
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LHC Pagel Fill: 6288 E: 6499 GeV t(SB): 09:25:25 10-10-17 23:32:43

PROTON PHYSICS: STABLE BEAMS

6499 GeV - 1.50e+14 I(B2): 1.57e+14

Inst. Lumi [{(ub.s)A-1] IP1: 7875.67 IPS: 7779.23 IP8: 334.15

7000

6000
5000

4000 &

=
=
w
s
@
—_
=

Energy (GeV)

3000

2000

Luminosity / 1e30 cm-2s-1

1000

g 02:00 05:00 08:00 11:00 14:00 17:00 20:00 23:00
02:00 05:00 08:00 11:00 14:00 17:00 20:00 23:00 / AUCE — CMS — LH(b

BIS status and SMP flags

_omments (10-Oct-2017 23:06:55) Link Status of Beam Permits
. Global Beam Permit

Xing angle now at 120urad Setup Beam

Dump foreseen around 2am GEARI Pregench

Moveable Devices Allowed In

Stable Beams
AFS: 25ns_1868b_1866_1089_1749_128bpi_17i8b4e PM Status Bl ENABLED [d{YBI& VI ¥4 ENABLED
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LHCb MC
\s=7 TeV

0, [rad] ™2

ALICE

ATLAS

CMS

LHCb

/2
T 0, [rad]

3rt/4

2 3 4 5 6
Pseudorapidity 7]

- Barbara Sciascia (INFN/LNF) - MasterClass (LNF) - 16 marzo 2018 -



= % o wm ow w8 8RR E G AR E R E AR AR AR R R R EEe

IS,

,_
ki &
9
o

: ‘ N0 @ L B4 2 0 2 - 6 8 10
: , n
. —— — .
; === : - e =
. — — .
b RN B B R e B T EEEE N I: .'. .. ‘ .‘ .z o z ‘ . ' 'o
n
- plixel . gilicon strip . ECAL Cherenkov ATLAS
. drift tube i HCAL - muon -
H = = B
10 4 -6 - -2 0 2 Kl [ B 10
n
CMS+TOTEM
LHCb MC . * .
eI T 4 4 4 4 2 0 2 4 & 8 W
q

- Barbara Sciascia (INFN/LNF) - MasterClass (LNF) - 16 marzo 2018 -



. i’-‘

& /
s ¢ H (W

- Barbara Sciascia (INFN/LNF) - MasterClass (LNF) - 16 marzo 2018 -




i

Y
/

N

B
| T

===

- Barbara Sciascia (INFN/LNF) - MasterClass (LNF) - 16 marzo 2018 -



/

| pyiMBN § RN

-
I .

1 e

1V

9 17mm

}\
! I |
Il |
2

Ol JBE A
decay  dkoay pp collision




LHCb)

Apertura laterale
dei rivelatori

Punto di collisione dei
fasci di protoni

p
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LHCD detector
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Punto di collisione e beam pipe
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LHCD detector: tracking system

> &

Tracking Stations
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[Performance of the LHCb Vertex Locator JINST 9 (2014) 09007]

— ey
- ANE
L
L]

~
. Flavour tagging

- Barbara Sciascia (INFN/LNF) - MasterClass (LNF) - 16 marzo 2018 - 18




[Performance of the LHCb Vertex Locator JINST 9 (2014) 09007]

Silicon detector: 42 modules arranged along the beam, each
providing a measurement of the r and ¢ coordinates.

Performance (vertex reconstruction)
- decay time resolution: 45 fs
- impact parameter resolution: 20 pm

Detector safety: modules retracted by 29 mm during
injection; 210 s to close; ~750 closing procedures in Runl

Opened at injection

Closed when stable T
beam declared
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[Performance of the LHCb Outer Tracker JINST 9 (2014) PO1002] o
[Measurement of the track reconstruction efficiency at LHCb JINST 10 (2015) P02007] Tl/'a C k In g

Tracker Turicensis (before the magnet): 4 plans of silicon w-strip, 8 m2. SyS tem
Tracker (after the magnet)
Inner (close to beam pipe): 3 stations, 4 plans of silicon u-strip, 4.2 m?.

Outer: 3 stations, 4 plans of straw tubes
Momentum rgsTplution/ Ap/p = 0.5%-1% (~0 GeV/c -200 GeV/c)

Sm

---------

Vertex
Locator _

S
= 2 ¢
i Qe o

—5m
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Warm dipole magnet, bending power: 4 Tm M a gn et
- Two triplets of magnets to compensate for its effect in LHC.

Peso=1600t
Potenza = 4200 kW

Acqua di raffreddamento =
150.000 1/h




OT: Outer Tracker

Vertex

—5m
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Upstream track
4

/

TT 7

T1 T2 T3

Track reconstruction

Dipole magnet implies an intrinsic
charge asymmetry (left-right
differences in the detector).

Direction of magnetic field changed
regularly and data sets combined.

|
1 2 3 4 5 6 7 8 9 10 M
V4
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LHCD detector: RICHs

The LHCDb detecto
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[Performance of the LHCb RICH detector Eur.Phys.J. C73 (2013) 2431]

RICH

RICHI (upstream of magnet): 2<p<40 GeV [C,F,]
RICH2 (downstream of magnet): 15<p<100 GeV [CF,]
Kaon ID ~95% with pion misID ~10% integrated over 2<p<100 GeV

A
y

Smi—/ / Sp
g Magnet

_ TR, T3/ RICH2 \|

---------

Vertex

—5m —

SEsRE.
4
=1
] ey
+

i
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[Performance of the LHCb RICH detector Eur.Phys.J. C73 (2013) 2431]

Photo
detectors

Track

]

(m)

Aligned Misaligned

Cherenkov Ring
/

1

?: A

', g

U'ﬁacking Spot %, — —~ :
o S a ¢ '.'...i- .“' .
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g 50} Cherenkov effect
Eq
° 60
40
15 :
I TR O

Momentum (GeV/c)

Without PID cuts Signal With PID cuts

3 LHCh ™ LHCb
2}5”'— 3' 600
:Iﬁw'— ; 500
e S i
::: li *-‘w 1 \
wnt = /1Y o
e R R v v S e o T % Gl ¥ T v T B S IR ¢
x'x’ invariant mass (GeV/c’) ~*x invariant mass (GeV/c")
Invariant mass distribution for B® — 77 decay (B? — 7w, B® = K,
B® — 3-bodies, ! - KK, Bs = Km, Ay = pK, Ay — pm)
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LHCD detector: calorimeter and muon systems
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[LHCDb Detector Performance Int.J.Mod.Phys. A30 (2015) 1530022] o
Calorimeter System

System of calorimeters to maximize y/e and e/h separation
ECAL, HCAL.: scintillator + absorber material planes
AE/E =1 % @10 %/VE (GeV)

Used in the first level of the trigger [L0]

SPD/PS

o ECALHC
T3 RICH MI
..... c
Vertex LUl |
Locator _ | =
e == oy
‘w{z\h: 3 .':f;; 1 | T~
—5m [
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[Performance of the Muon Identification at LHCb JINST 8 (2013) P10020]

[Performance of the LHCb Muon system JINST 8 (2013) P02022 ] M UON Sy A t em

5 stations, each equipped with 276 multi-wire proportional chambers
[different size]. Inner part of M1 equipped with 12 GEM detectors

1 identification g¢(u—p) ~ 97 %, mis-ID e(m—p) ~1-3 %

Used in the first level of the trigger [LO0]

A / /
Y| f/
// f/
Smp—/ / SPD/PS. prour M2
-/ T3 RICH2 A,
Vertex = LU -Herr T
Locator pe e -
,:;’ _(:: 2 ._' ] H Jhmmmn e | -
) \ 0 Ve BB : m
I (BT =/ - ::E::;—:::: -
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Punto di collisione

:
ol |

E ascio
di protoni
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Collect data (DAQ)

Detector A

VELOF ST | OT [{RICH [{ ECal [{ HCal [ Muon
[ Trilg']ger ]- : : ' ' l
T y | v
. ! 1 ! ! |
L1 twigger_ . m...,. | B.:.fmr
— = LHC clock 11 1
| Readout Reada-uf | Readuut Headout i
ann:l Board
I\rontl- En{ /

READOUT NETWORK

.50 N . @4 »9\\ .

SWITCH W SWITCH p[ SWITCH W SWITCH SWITCH SWITCH

AN LN RN AN AN SR

| 4 | |clc]c|c] |e]cle]c| |c|c]c]|c
plelele||e|e|e|r| (e |r|p|e| |r|r|e|r| |r|r|P|r| |P|lr|r|P
vlululul|ufululu| |ufu|u]u] (ufu]u|u] [u]ulu|u] |ujululu

I
A HLT farm /
: Average event size 50 kB
— Event data .
- = = Timing and Fast Control Signals Average rate into farm 1 MHz
== Control and Monitoring data

Average rate to tape 5 kHz
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Hardware trigger
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Collect data (DAQ)

Detector A

VELOF ST | OT [{RICH [{ ECal [{ HCal [ Muon
[ Trilg']ger ]- : : ' ' l
T y | v
. ! 1 ! ! |
L1 twigger_ . m...,. | B.:.fmr
— = LHC clock 11 1
| Readout Reada-uf | Readuut Headout i
ann:l Board
I\rontl- En{ /

READOUT NETWORK

.50 N . @4 »9\\ .

SWITCH W SWITCH p[ SWITCH W SWITCH SWITCH SWITCH

AN LN RN AN AN SR

| 4 | |clc]c|c] |e]cle]c| |c|c]c]|c
plelele||e|e|e|r| (e |r|p|e| |r|r|e|r| |r|r|P|r| |P|lr|r|P
vlululul|ufululu| |ufu|u]u] (ufu]u|u] [u]ulu|u] |ujululu

I
A HLT farm /
: Average event size 50 kB
— Event data .
- = = Timing and Fast Control Signals Average rate into farm 1 MHz
== Control and Monitoring data

Average rate to tape 5 kHz
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[arXiv:1211.3055; CERN-LHCb-DP-2012-004]

[arXiv:1310.8544v1] Tri ooer
LHCb 2011 Trigger Diagram

—@®— Stable beam time per week

------- Average over running period

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz

|l||l IIIIIIIIIIIIIIIIIII[lllllllll

readout, high Et/Pr signatures

450 kHz 400 kHz '150 kl-lz
hi

[ Software High Level Trigger
26000 Logical CPU cores

Offline reconstruction tuned to trigger - The average fraction of stable
time constraints . o
beams time per week was ~30%

»Illllllllllll

L& 1 1 B O | 11 girgeg=il gty pusy=ry=f—g—yg—y
15 20 35 45 50

Calendar week of 4 TeV runnmg period 2012

Fraction of stable beam time per week [%]
(o
o

Mixture of exclusive and inclusive

\___selection algorithms y
O O O - Try to defer computing needs to
3.5 kHz (0.2 GB/s) to storage ) time without beams

1 kHz
Inclusive/
Exclusive

Charm

1.5 kHz 1 kHz
Muon and

DiMuon

Inclusive
Topological

A
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[arXiv:1211.3055; CERN-LHCb-DP-2012-004]
[arXiv:1310.8544v1]

LHCb 2012 Trigger Diagram

40 MHz bunch crossing rate

~~ <> <>

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

450 kHz 400 kHz 150 kHz

h* - H/pp

N
( Defer 20% to disk

=~ "2

[ Software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive

-l
n w i (o) D ~ 2] 8 o
(=] o o o o o o o

IlIIlIllIIllI

Fraction of stable beam time per week [%]
o

o

Trigger

—@®— Stable beam time per week

------- Average over running period

IIIII lllllllllllIHIllllllllllllll

11 Ll 1 1 L1 1 - l - 1 l
15 20 35 40 45 50

Calendar week of 4 TeV running period 2012

Deferred HLT

|Farm Node during Physics

\___sSelection algorithms y

I I I

Events Overflow Events

B l
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~50k logical cores
~5PiB disk space

5 Trigger

0
w0e® . . .
LHCb . °.5 Trigger Diagram Same online and offline reconstruction and PID
- prompt alignment and calibration
40 MHz bunch crossing rate - completely automatic and almost in real-time
160

LHCb Preliminary
Before alignment

LO Hardware Trigger : 1 MHz e

readout, high Er/Pr signatures

— > id6 o(Y) ~ 92 MeV
450 kHz 400 kHz 150 kHz i
h*
. : 60 ey
40
. Software High Level Trigger . 20 .
0 . o % W ‘e i,
Partial event reconstruction, select S0 B0 000 000 200 000 0 O a0 (hevic)
displaced tracks/vertices and dimuons
220

LHCb Preliminary
After alignment

o(Y) ~ 49 MeV

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

Full offline-like event selection, mixture 100
of inclusive and exclusive triggers

12.5 kHz (0.6 GB/s) to storage % P v 3 i
° 8600 8800 9000 92(;0 9400 9600 9800 10000 10200 |04(‘)0 10600 10800
m(p' ) [MeViet]
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~50k logical cores

~10 PiB disk space 10\6
c©

LHCDb ;‘5“15 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz

readout, high Er/Pr signatures

450 kHz 150 kHz

h*

400 kHz

. 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

<) I

Trigger buffer

From 2015 experience, ~1 disk per day is
replaced due to unrecoverable errors: until
2015, mirror the 5 PiB of disk space in a
second chunk of 5 PiB disks.

Un-mirroring the disks doubles our buffer

with the risk of per mil loss of data: since
2016 total farm disk space is ~10PiB.

This means more data and/or more time to
reconstruct them.
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[LHCb-PAPER-2017-013]

é ) | RO .
[, Y ute i
0.8} -
L |
0.6/ } * {
! | ® LHCb
L . BIP
0.4_— v CDHMV 7]
) m EOS
0.2} & flav.io
LHCb e
0‘0 -l P ST SN T T TN SN SN AN WY TN WY TN Y SN SN NN NN AN Y SN SN TN NN SO SO M |
0 1 2 3 4 5
¢* [GeV?/c!]

| 0.660
0.685 T
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Beyond SM

2.0 I ]
Q:E [

15[ T 1

% & &

1.0 . _vosemmmresroresn Y | «

! | + i

| _

Uar ® LHCb |

N B BaBar -

r LHCD A Belle ]

00 l A PN I TR TR TR SR N i i

0 10 15 20

T 0069 (stat) & 0.047 (syst) for 1.1
'_ 2.4 - 2.5 standard deviations from the Standard Model

¢ [GeV?/c!]

' 2.1 - 2.4 standard deviations from the Standard Model
+ 0110 (stat) + 0.028 (syst) for 0.045 < ¢2 < 1.1 GeV?/c?

< ¢% < 6.0 Gev¥/c?



BaBar had. tag
033240024 20018 R —
Belle had. tag :

203+003820.015 : - .
Belle sl.tag
0302 +0.030+0.011 e —
Belle (hadronic tau) :
0270+ 0.035 +0.02 p— .
LHCb
0336 : -
LHCb (hadronic tau)

285 ) OI9 20029 : -
Average :
0304+0.013£0007 e
S. Fajfer et al. (2012) :
0252 +0.003
HFLAV

1 l 1 1 . 1 L l L L
0.2 0.3 04
R(D¥*)

R(D) and R(D¥*)
combination at ~40 from
the SM

Major updates are
coming with Run-2 data

Beyond SM

PAPER-2017-017 PAPER-2017-017

New LHCb measurement gives
R(D*™) = 0.286 + 0.019 & 0.025 £ 0.021

Compatible with SM expectation
but also fully supporting previous

measurements of high value

”A I L] L) L] L L L] T L] I 1 L) L T I L] L] 1 L l

* . BaBar, PRL109,101802(2012) 5 s
= a - Belle, PRD92 072014(2015) Ay” = 1.0 contours b
& - LHCb, PRL115,111803(2015) oo 3
045F Belle, PRD94.072007(2016) — =
" == Belle, PRL118,211801(2017) R(D)=0.300(8) HPQCD (2015) -
f ——— LHCb. FPCP2017 R(D)=0.299(11) FNALMILC (2015) 3
04 R Average R(D*)=0.252(3) S. Fajfer et al. (2012) ]
03 l [ 20 =
025F - - ]
02F =71.6%
I L1 L 1 i

0.2 0.3 0.4 0.5 06 40
R(D)
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Charm
anti-quark
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Probabilita di “decadimento”

0.40000

particles

0.35000

0 20 40 60 80 100 120
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Number of radioactive nuclei, N

Tempi di dimezzamento e vita media

Table 31.2 Some Half-Lives for Radioactive Decay

Isotope Half-Life
sees Polonium 2i4Po 1.64 X 10745
sess Krypton e Kr 3.16 min
Radon 2Z2Rn 3.83d
Strontium 2 Sr 29.1 yr
Radium 2 Ra 1.6 X 103 yr
Carbon BE 5.73:% 10° yr
Uranium W) 4.47 X 10° yr
Indium 13In 441 X 10" yr

N=N .e_% — ,L.=Tl/2 _ 1y,
: In2  0.693

0 Typ 2Ty 3Ty 4Typ
Time, ¢
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K Cinematica

1T
primary
vertex
9.0 4
8.0 +
o 1 t

Vita media: t ~ 0.4 ps ' T
Velocita: v ~ ¢ (0.9992) 50 1

50 +
Lunghezza: g 40 +
classica: v x t~0.12 mm g 30T
relativistica: ~ 3 mm S 209
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Particle Data Group

2 2 2 2 2 2 2
m., =myg +m, +2\/mK + pr \/mﬂ +p. =2p.p, costt

I(JP) = }(07)

Mass m = 1864.84 + 0.05 MeV
Mpe — My = 4.77 = 0.08 MeV
Mean life 7 = (410.1 + 1.5) x 107 s
cr = 122.9 um
mo — mqo| = (0.957041) % 1010 f s—1
| DY Dg| ( " 0.44)

(Fpp = Fpo)/T =2y = (1.297318) x 1072

|a/p| = 0.927 553
Ar = (—0.125 + 0.526) x 1073
K™ 7~ relative strong phase: cos § = 0.97 + 0.11

=t i) nnhavanma fxcbne. D . —nNnn L Nn7
Scale factor/ p
DO DECAY MODES Fraction (I;/T) Confidence leve(MeV/c)
Topological modes

0-prongs [aaa] (15 =6 )% -

2-prongs (70 6 )% -

. 4-prongs [bbb] (145 £ 05 )% =
http://pdg.1bl.gov 6-prongs [ccc] (64 + 13 )x107% E
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F=qixB Misura dell’impulso

F=qvB
2
F=ma = a-= Y
R
2
qVB=m— = R-= ﬁB
q
B field
X
| K/
V4 DO
Fascio di protoni
— —
Fascio di protoni I K/t
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