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QUESTIONS

Unstable doubly heavy tetraquarks

Resonances in “wrong-sign” (double flavor) combinations DD, DB, BB?

St 7‘;‘;> (4156) — D* D:*: prima facie evidence for non-qg level
Double charge / double charm

(New kind of resonance: no attractive force at the meson-meson level )

Ao, 1 T4, (106911, @ = 48 MV 17 TI(T2T2), © = 482 eV

el
0 7291, @ = 483 Mey  1- TLS(39T8), © = 102 MeV

[Aside: 3Dy and *Fy c& mesons st to be found in DD etc

Homework for experiment
1 Look for double-favor resonances near threshold.

72 Measure cross sections for final states containing 4 heavies:

06,00

73 Discover and determine masses of doubly-heavy baryons.
fed to implement HQS calculation of tetraquark masses
intrinsic interest in these states
compare heavy-light mesons, possible core excitations

Resolve .. uncertainty (SELEX/LHCh)

74 Find stable tetraquarks through weak decays. Lifetime: ~ % ps 77

Flavor: the problem of identity (continued)

Chy s Qs
‘e

Parameters of the Standard Model

Couplng pametrs .
h

Leptonic mixing
o Pt phase (+ Majoan phases?)

Arbitrary parameters

H

K* — ' i search and observation

Searches for flavor-changing neutral currents

#5 Where are flavor-changing neutral currents in quark transitions? In o
the standard model, these are absent at tree level and highly
uppressed by the Glashow-liopouolos-Maiani mechanism. They arise
generically in proposals for physics beyond the standard model, and
nesd o b controld. Andyet we b mace o sightings
Why not? By s

#1. Can we detect flavor-violating decays H(125) - 7", .7

75 How well can we test the standard-model correlation among
B(K* > 7v7), B(B, > i), and the quark-mixing matrix
parameter 7

.
0

Have we found the “periodic table”

of elementary particles?

What do generations mean? Is there  family symmetry?
Why are there three families of quarks and leptons? (Is it 507)
Ave there new species of quarks and leptons?

More questions concerning the problem of identity

F12.Is there any link to a dark sector?

inclusive and exclusive decays?
F16.Is the 3 x 3 (CKM) quark-mixing matrix unitary?
F15 Why is isospin a good symmetry? What does it mean?
F16 Can we find evidence for charged-lepton flavor violation?
F17. Will we establish and diagnose a break in the SM?
F15 Do flavor parameters mean anything at all?

Contrast the landscape perspective.

what is the meta-question?

F13 What will resolve the disparate values of Ve and |Veo| measured in

#19.If flavor parameters have meaning (beyond engineering information)

The top quark touches many topics in particle physics

P

B

How well can we constrain Vs in single-top production, ...7

How well can we constrain the top-quark ifetime? How free is ¢7
Recent ATLAS: [(t) = 1.9 0.5 GeV (SM 1.32 GeV)

Ave there F resonances?

Can we find evidence of flavor-changing top decays ¢  (Z.7)(c. u)?

Questions about EWSB and the Higgs Sector

H1. 1 H(125) the only member of its clan? Might there be
others—charged or neutral—at higher or lower masses?

2. Does H(125) fully account for electroweak symmetry breaking? Does
it match standarc-model branching fractions to gauge bosons? Are
absolute couplings to W and Z a5 expected in the standard model?

3. Are all production rates as expected? Any surprise sou f H(125)

143 What accounts for the immense range of fermion masses?

5. s the Higgs field the only source of fermion masses?

Ave femion couplings proportional to fermion masses? 11 soon”
How can we detect e'e 77 (basis of chemistry)
4 What role does the Higgs field play in generating neutrino masses?
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BOUND STATES WITH d,u,s,c QUARKS

The baryon 4-quark multiplet
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[Phys. Rev. Lett. 89 (2002) 112001, arXiv:hep-ex/0208014] [Phys. Lett. B628 18 (2005), arXiv:hep-ex/0406033]

o
—8Ff (© N A: K nand D" pK
% 7t L s8f
wn
§ 6r c\: 7 fitted masses: J 3518(3) and 3519(2)
S =
Sl § MeV/c®
53l o6
w
2
Nl )
0 [ A
342 347 352 357 362 4
<2 ®
S8 3f .
[}
E 4T
30 Ak B B AT .(.). 2 M I
$12 - a
1
@og L |
4 - I I
o %46 348 35 352 354 356 358
32 33 34 35 36 37 38 39 40 M(ccd)
M (AKT") [GeVie?) A+K I d D+ oK
— _ Er— T an B
EL— ATK 7t 6.30 at ce P

4.80 at 3518 + 3 MeV/c?

[PLB628 18 (2005)]

3519 + 1 MeV/c?
[PRL 89 (2002) 112001]
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http://arxiv.org/abs/hep-ex/0208014
http://arxiv.org/abs/hep-ex/0406033
http://arxiv.org/abs/hep-ex/0208014
http://arxiv.org/abs/hep-ex/0406033

[LHCb, Phys. Rev. Lett. 119 (2017) 112001, arXiv:1707.01621]

OBSERVATION OF THE =" BARYON Yote b

—cc

Two double-charm baryons expected: o .
E LHCb13Tev

E% (ced) and ELF (ccu) %ﬁg: ' b
e = reported by SELEX in 2002 R
and 2004 [prL 8o 112001] [PLB628 18] %lOOE- ---Background
o m=3518.7+ 1.7 MeV/c? 3
e We use 2016 13 TeV TURBO data gg:
to reconstruct A7 — pK~ 7" and b o
E;Z+_> AiK*WJWrJF. Mand(E&) [MeV/c]
Fit returns 120 significance and %‘: 0F (HCb8Tev '
m = 3621.40 £0.72 £ 0.27 £ 2 oop +Daa
0.14(A}) MeV/ 2. B SOF g
. . % 40F  ---Background
v/ Confirmed in 2012 8 TeV data 2 of
o Mass 100 MeV/c? more than the &

SELEX state. Too much for

isospin-splitting. E W
3500 3600

3700
Mend(Zec) [MeV/e?]
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http://arxiv.org/abs/hep-ex/0406033

TURBO

Full calibration in real time
=» Output is ready for physics.

Plenty of collision events discarded, while the interesting are kept.
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TURBO

Full calibration in real time
=>» QOutput is ready for physics.

TURBO++ stores only the needed information
=» Huge savings in time and cost
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WHAT WE KNOW ABOUT THE =" BARY O, g yh.

—cc

LHCb 13 Tev| "hce 3 100
fé1a +Data 3 é [ b
¥12 —Fit 3 = gof S?g[?m]
1 E g Background
0.8 | % 60,
06 EE-R
04 E "g 40»
02 1 &%t
E / i 0 ; ‘ T 20F
3500 3600 3700 05 1 15 2 r ;
Mend(Zee) [MeV/c?] Decay time [ps] ol . A \
. . e . 300 3550 3600 3650 3700
It is seen in Its Ilfetlme is m(E7) [Mev/e]
EXt s AFKntrT 256 723 + 14fs It decays to EF7
[PRL 119 (2017) 112001] [PRL 121 (2018) 052002] [PRL 121 (2018) 162002],
m = 3621.24 + 0.65 &+
0.31MeV/c?

o It is not seen in DT pK ™7 [aiv1005.02421]

o Its production at /s = 13 TeV is [Hcb-Paper-2019-035] (prel.)

o(ELT) x B(EX = AFK ntat)
a(Ad)
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http://arxiv.org/abs/1707.01621
http://arxiv.org/abs/1806.02744
http://arxiv.org/abs/1807.01919
http://arxiv.org/abs/1905.02421
https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-PAPER-2019-035

[LHCb, arXiv:1909.12273]

SEARCH FOR THE = BARYON St b

Qsap eedb ~

f'e/o SQI;]

Looking for the = state, seen by F . . . ﬁ"
SELEX A =78 t5Ter

i R

@ Nothing at the SELEX mass
(3519 MeV/c?)

o Small bump near the =2+
mass (3621 MeV/c?) but not
significant (2.70)

=» Is this the isospin partner
of the =17

N
T

-
T

Candidates per 5 MeV/c?
w
T

3500 36IOO 37I00 3800
MALK7) [MeV/c?]

o T T T
4}
4100 S 6000 | +- Data LHCb 1
e : Expt 17 4 :HSC'15 ] — Totadl 1
4000 t IILOTI’I3-18 §  Brown etal. 14 S e Signal /s=7,8,13TeV
4 :TWQCD'17 4 :PACS-CS'13 = ~- 9
3900 } :ETMC'17 t  : Briceno et.al. '12 5 A Background
= + :RQCD'15 : Durretal. 12 4000 —
8 s " .H g 5 . £
) bt oo ! g 7
= . w f S 2000 2
o P
w| ) B I A
Zce Zcc Qe Qe V ///‘
% Z 4246 7 7 )

3400 0

[M. Padmanath, arXiv:1905.09651] n‘(/\+K7311(;O[MeV/Cz]
C
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BOUND STATES WITH d,u,s,c QUARKS

The baryon 4-quark multiplet

Patrick Koppenburg Conference Summary 04/10/2019 — Beauty in Ljubljana [10 / 92]

ik|hef




[LHCb, Phys. Rev. D100 (2019) 032001, arXiv:1906.08350]

LIFETIMES OF THE Af, Z% AND ZF BARY (atg, b
) !

=71 PDG Average, 2018 == LHCD, /- A X =71 PDG Average, 2018 = LHCb, Z5-ZurvX
A pK T pK 7t
FOCUS [2002] — CLEO [2002] =
FOCUS [2001] b
SELEX [2001] —_—
E687 [1998] _
CLEO [2001] _ £400 [1987]
E687 [1993] BGHORS [1985]
L L L L L
150 200 250 200 200 600 800
A lifetime [fs] = lifetime [fs]
[ |PDG Average, 2018 * LHCb, 5~ =01 vX [-|PDG Average —e—LHCb, 0, 'DSA‘:V?<
L pKK T Q- pKK 1
FOCUS [2002] —— [PRL 121 (2018) 092003]
FOCUS [2003]  =e=
£687 [1993] _—
WABO [1995] —e—
ACCMOR [1990] ——e——— £687 [1995]
L L L L L L
0 100 200 0 200 400
=0 Jifetime [fs] X lifetime [fs]

All lifetimes are more precise than the PDG average. The A} and =
lifetimes are consistent, while the Eg and Qg [PRL 121 (2018) 002003] are larger
than previous measurements.
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http://arxiv.org/abs/1906.08350
http://arxiv.org/abs/1807.02024
http://arxiv.org/abs/1807.02024

OLD (20 LIFETIME

MEASUREMENTS

3 'f.E T et asta |
§ ':E o "I « fitted totol signol ‘
2 6 Al o background content from fit
sy, & fE -h l; |
MEK ) (GeV/c?) ; E % ‘!'1 8 T
S AT et 1 N
-aZM -100 0 100 200 300 400( )500
t (fs
s, SO LLLILULY - F687: 86727 £ 28 fs  [BICHIEENVEE
M(ZK™n*n") (Gev/c?) M(EKn*n*) (Gev/c?)
Phys.Lett. B357 (1995) 678
WA89: 55 13 35 fs [Phys Lect. B357 (1995) 675]
11 —23
[Phys.Lett. B358 (1995) 151, " . . .
arXiv:hep-ex/9507004] T=721111s
N Sy, =59£12 i
~§ g 10*
FOCUS measures 72 + 11 & : f
@D 251 | 10°E E
11 ps with 64 + 14 baryons £ 3 T
> =
[Phys.Lett. BS61 (2003) 41, arXivhep- “ S e 1 E
x/0302033] L ) N
2‘.]50 2.70 2.90 ‘8.00 020 0.40
. (MO ALL (GeV/cH) (a) t for signal (ps)
ik[hef
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http://arxiv.org/abs/hep-ex/9507004
http://arxiv.org/abs/hep-ex/9507004
http://dx.doi.org/10.1016/0370-2693(95)00941-D
http://arxiv.org/abs/hep-ex/0302033
http://arxiv.org/abs/hep-ex/0302033

[LHCb, Phys. Rev. D100 (2019) 032001, arXiv:1906.08350]

LIFETIMES OF THE A}, Z9 AND =7 BARYO%@/D%
) !

= (PDG, 2018) —e— _,
e ( ' ) = =, (LHCb, 2019)

/A (PDG, 2018)= . (LHCb, 2019)
: ,

=2 (PDG. 2018~ _ -0\ 1oy 9019)
@ (PDG, 2018) == —e— % (LHCb, 2018)
1 i i i 1 i i i 1 i i i 1
0 200 400 600
lifetime [fs]

Hierarchy of charmed baryon lifetimes.
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Spectroscopy )

"

i
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W
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[LHCb, JHEP 07 (2019) 035, arXiv:1903.12240]

NEW CHARMONIUM STATE IN DD

Using DD combinations in the full 9fb~1 2011-18 data sample.
X(3842): New charmonium seen in D¥D~ and D°D°! Could be spin-3
3(13D3)
m = 3842.71 +0.16 + 0.12 |\/|eV/C2, [[=279+0.514+0.35MeV.
Xc2(3930): First seen in hadroproduction.
m=3921.9+0.6 £0.2 |\/|eV/C2, [=36.6+1.9+0.9MeV.

1 (3770): First seen in prompt hadroproduction.
m = 3778.1 £ 0.7 £ 0.6 MeV/c2.

e f—- LHCh = 1000b- D'D" —(aiz) o ke ch 3 %

il

| it =
A ot o i

_ E B
DD } Z eog DD . o '\D v E
Z 500 i E \ i
o Wi i M = B 3
I = , My
'“.WMWWM i il - e M " -
I : 5 o
| © 100 < aof E
3@ 3% aw 38 3% 38 3% 38 ael am  3m as a8 a8 a8 38 e 39 3% 4 a4 Al 4B
Mg av/ietl  my 5 [Gev/e?] "o [Gev/e?]
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http://arxiv.org/abs/1903.12240

[LHCb, arXiv:1907.13598, submitted to Phys. Rev. Lett.]

NEW BARYONS IN AdrFn~ Yorep by
ST~

Combine 890k A9 — Af7~ and 218k o o

A9 — JrppK~ from 9fb~! 2011-18 ¢ A

data with two pions. 2m;ﬂ++++#+++1ﬁir, ,f;+++#++++++H++++++++++++++§

@ Clear peak seen at g A 1

61496 :l: 03 MeV/ C2 aoo; i region :"21‘20152;:-"" h(u’klgx'mml E

%\ F + i Ay (6146, total 7:

o Further split depending in A?)TrjE Swb *ﬁiT}twﬂuﬁﬂﬂ+ﬁ+h++j#++%

mass compatibe with X, X,* S w E

or neither (only one pion can be © F— /m‘ :

compatible). i e

o Best fit: two narrow peaks - Pt 1

(widths of 3+ 1 and 2 £ 1MeV) e ]

m(Ap(6146)°) = 6146.18 + 0.33 + 0.22 & 0.16 MeV/«
m(Ap(6152)°) = 6152.51 & 0.26 + 0.22 + 0.16 MeV/
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http://arxiv.org/abs/1907.13598

[LHCb, arXiv:1907.13598, submitted to Phys. Rev. Lett.]

NEW BARYONS IN AQrtm~ Yote b
b eedb ~
9 -
Combine 890k A9 — Af7~ and 218k
A9 — JhrhpK~ from 9fb~! 2011-18
data with two pions.

o Clear peak seen at ,
6149.6 + 0.3 MeV/c? nyfsaas)® 2O
Further split depending in A?)TrjE Tt 7 i
mass compatibe with Xy, Xp* Ase12)° Aul5920)° 25"_? T
or neither (only one pion can be ]I_ e o |

A T T i
compatible). A0 : T
b 5620 Mev udb

The Ap(6152)° decays to XpTnT and S*nT.
The A(6136)° decays only to Z*nT

Likely to be JP = %Jr and JP = %Jr. Could also be excited X,°.
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http://arxiv.org/abs/1907.13598

THE TALE OF THE TWO CAMELS

# Rnedne

Dromedary and Bactrian Camel
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BX*)(2S)* ar THE LHC Lag,os, |
"iu.c;,-/:?é//:bi =
Nl

s> A e E cms & Daa
2 F L=140" — Fit result
S g5 ATLAS Q, . = 28845 MeV 60 oisrey B S
« J"Ld( 921" O e = 18+ 4 MeV E Bi( ¢y Ky
@ 30 =19. > 50 X
2 V5 =8TeV Ngr, =35+ 13 g S0F Comb. backg,
g e Data 040:,
w m  Wrong-charge — b
combinations - E
1%] [
2 30
Q [
> [
20
10
; o e e b e b 1y
500 600 700 0 6.7 6.8 6.9 7.0 7.1
m(B,wn)-m(B,)-2m(x) [MeV] M(BZ mr) - M(B:) +mg. (GeV)
:

CMS (cms, PRL 122 (2019) 132001]

ATLAS (aTLAS, PRL 113 (2014) 212004]

ik|hef
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http://arxiv.org/abs/1902.00571
http://arxiv.org/abs/1407.1032

B*)(2S)* AT THE LHC

&' (60/7 "h

g £ )
\:\# Fspar oo T
e//a
o AOpTrrr T T Fous 4 Data -
[ = E| F L=140f" — Fit result
E 35F ATLAS Qecnx =288+5MeV 1 60; (s=13Tev Signal
I E _[Lm-mz'b‘ Ogqup =184 MeV 4 F Bo(I y K) 't
g O lEIE Nywe = 36213 3%
2 25F ¢ Data S a0b
w Wrong-charge — r
2 combinations | - E
E ] 2 300
15F- E g f
e | > E
10;7 7; w 20:
5 E 10
o3 ! ) - - - ] i nnnllnn o a oo llononollon
0 ° 100 200 300 400 500 600 700 0 6.7 6.8 6.9 70 71
m(B,wn)-m(B,)-2m(x) [MeV] M(Bg mr) - M(BD +my. (GeV)
f<nl T T T T
b 45 —4— Data
% 20F LHCbRun1+Run2 Total fit
s 3 ) CMS (cwms, PRL 122 (2019) 132001]
™ G
~ 30 MmN - Combinatorial
7 ot ATLAS (aTLAS, PRL 113 (2014) 212004]
B 2 LHCDb (pre 122 (2019) 232001]
S 15
®
O 10§

N 1
500 550 600 650 700
AM [MeV/c?]
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http://arxiv.org/abs/1902.00571
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http://arxiv.org/abs/1904.00081

[LHCb, Phys. Rev. Lett. 115 (2015) 072001, arXiv:1507.03414]

OBSERVATION OF TWO PENTAQUARKS

2 2
mg, [GeV7]
Kp
f Patrick Koppenburg Conference Summary 04/10/2019 — Beauty in Ljubljana [17 / 92]


http://arxiv.org/abs/1507.03414

[LHCb, Phys. Rev. Lett. 122 (2019) 222001, arXiv:1904.03947]

OBSERVATION OF NARROW PENTAQUARKS "'m,,g ~h

< 26 <
8 10" §
s N
oS 24 S
o
X
L0
=
22 2]
=
o
20 3
©
[
S
18
NI NS A A e i 1 ' | L
1658335 4 45 5 55 6 65 1+
m2_[GeV?]
0 246 000 A9
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http://arxiv.org/abs/1904.03947

[LHCb, Phys. Rev. Lett. 122 (2019) 222001, arXiv:1904.03947]

OBSERVATION OF NARROW PENTAQUARKS Li”’/};g?'/;h‘
Qng B

Three states are observed: 5 o
P.(4312)" T ~10MeV (70), S ;

which we could not see with &% . LHCb

3fp1L %1000 — total fit |

% —backgrouhd

P.(4440)" T ~ 20 MeV 8 a0 '

and g
P.(4457)* T ~6MeV. The £ oo

significance of the 2-peak
structure is 5.40

X No sensitivity to the wide
P.(4380)"

A3 a1
4300 4250 4300 4350 4400 4450 4500 4550 4600
Myp [MeV]

It is striking that the P.(4312)" and the P.(4457)7 sit at the ¥.D and
X -D* thresholds
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http://arxiv.org/abs/1904.03947

[ATLAS-CONF-2019-048]

P+ sTATES AT ATLAS /"‘9'7;/‘\‘
c ey,

Sk, ~
- hd
T p > L B W L B a4

=~ T:|:\ signal ] 2 FATLAS  Preliminary — Total signal ]
[ Combinatorial BGJ < 300F [Vs=7,8TeV; 4.9,20.6 fb [ Combinatorial BGJ]
[ 8, gkt N [ 8, Iy ]

B B, - Iy ‘VE' [5.59 < M(J/y,p.K) < 5.65 GeV B B, Jiym

[ B, - Jiymm r [ B, - Jiymm
[ B, - J/YKK E 2507 4 P + [ B, - JIKK ]
A=A+ refl. ] C A - IPA* + refl. ]
A ] L 3 5 ]

PK refl 200~ '
AP K C

—PK b 150} b
- 100~ -
= 50 =
0 - ok -

442 44 46 48 5 52

52
M(J/w h=p) [GeV]

With Run 1 data, ATLAS find 2270 + 300
A9 — Jjp pK~ decays
e Good fits with LHCb states of
[PRL 115 (2015) 072001] ANd [PRL 122 (2019) 222001] \Y E
o Fit with only A is not (p ~ 9 x 1073) e )

M1, h=p) (Gev]
ik|hef ,_ . ———
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-048/
http://arxiv.org/abs/1507.03414
http://arxiv.org/abs/1904.03947
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.‘ " ' X1

l,,j ¢ i __ S 24
T Y i p‘tl i m" lf & ! U l U '
218 ‘@5 ‘m( w m !IH.X

. 21
3 i THEL igEizt iZ=S
PR R Sd ¢ B ! R
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[LHCb, Phys. Rev. Lett. 122 (2019) 211803, arXiv:1903.08726]

(-18.243.24+0.9) x 1074

AAcp = (—15.44+2.9) x 107*

AAcp RESULTS 7
CP SC/7 a)fllhe ™ .
g@r
l\? 1.‘: T T T l\? 1~:_ T T T 4
= | LHcb X*/ndf 7523/15 1 S E LHCb X2/ndf 13825/14 ]
< F p-value 0.941 < p-value 0.463
< osf 3 < osp }
R 2SI o= ST IS SO S E ‘+‘-L‘l‘ { 1 -l-"+‘ ]
P04 gt N -+— -t I ]
“05E 42015 ] -054>+2016 +
Baps I L= ;
E 12018 E F #2018 ]
—1.5L L L L —1.5LC Il Il 1L
5 10 15 5 10 15
Run block Run block
m-tagged: u-tagged:

(-9+8+5)x107*

Combining with Run-1 results (—10:|:8:|:3) x 10™% [pRL 116 (2016) 191601] and
(+14 +16 £ 8) x 10™% pHep o7 (2014) 041]:

(5.30)
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http://arxiv.org/abs/1903.08726
http://arxiv.org/abs/1602.03160
http://arxiv.org/abs/1405.2797

AAcp HISTORY

Ay,
S, 7,
Chyy e
e
Sr
Bt 107 -
Focus - I —
Focus 0 N
ceo -] S
ceo mor-| D
atsr 07| —L
Batr 207-| 4
B 200 ]
e 2005 -
CDF 2011 | CDF 2011 .
e 011 L Ly 2] 4
T T T T T T T T T } T T T |
A 5 : 3 7 ' : i A A : A ) 7 ' : i
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AAcp HISTORY

FOCUS 2000

CLEO 2001

BaBar 2007

Belle 2008

CDF 2011+

LHCh 2014

ET791 1997 —
FOCUS 2000 —
CLEO 2001

Acp(m*

The theory community has delivered a perfect service to the
experimental colleagues:
Every measurement hinting at some non-zero CP asymmetry was
successfully postdicted offering interpretations both
@ within the Standard Model
and

@ as evidence for new physics!

And we are not stubborn at all: After new measurements we eagerly
change our opinions!

BaBar 2007 -
Belle 2008 -
CDF 2011

LHCb 2011
CDF 2012+

LHCb 2013

LHCb 2014

LHCb 2016+

LHCb 2019+

~
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[LHCb, Eur. Phys. J. C77 (2017) 238, arXiv:1610.06019]

FLAVOUR TAGGING AT THE LHC

New record: ¢D? = 7.1 +0.3%
for Run 2 B® — D*+D~

SS pion
‘ SS proton
u s SS kaon (for BY) ‘:

B[)

same side

opposite side

e s /r‘ 0S kaon
b—c —
b X1 \)‘ 0S muon

0S electron

0S vertex charge
0S Charm
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http://arxiv.org/abs/1610.06019
https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-PAPER-2019-036

ws AT ATLAS anxD LHCB

[ATLAS-CONF-2019-009] [LHCb, Eur. Phys. J. C79 (2019) 706, arXiv:1906.08356]

Weighted cands. / (0.3 ps)

s ) . .
i
£ 4 El
LR, 7 — WM%".W- R
3 4
STEETTEE RIS

455555 55
8 Mass [Gev]

[+]

5300 5400 5500
MIPKK) [Mev/e?]

(s

Al
Is

0.067 4 0.005 + 0.002 ps—!
0.669 & 0.001 + 0.001

N(B?) 477 240 + 760 117 000

o(7) 69 fs 45.54 +0.04 + 0.05fs
eD? 1.65 4+ 0.01% 4.73 +0.34%

©s —0.068 + 0.038 + 0.018rad | —0.083 & 0.041 + 0.006 rad

0.077 + 0.008 £ 0.003 ps—!
0.6542 4+ 0.024 + 0.015 ps !
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-009/
http://arxiv.org/abs/1906.08356

AT, [ps™!]

ws AT ATLAS anxD LHCB

[ATLAS-CONF-2019-009] [LHCb, Eur. Phys. J. C79 (2019) 706, arXiv:1906.08356]

/ X ;kzb 491
ATLAS 99.7 fb !

Do 8 fb!
68% CL contours
(Alog £ =1.15)
CMS 19.7 fb~!

-0.4 -0.2 -0.0 0.2 0.4

6§ [rad]

[+]

gal.)’a ol
J \Jak O, ~
\}ﬂ .34 4/01,0 ’4'0,,9’

Al
Is

ef Patrick Koppenburg

0.068 + 0.004 + 0.003 ps—*
0.669 + 0.001 + 0.001 ps—*

Conference Summary

N(B?) 477 240 + 760 117 000

o(7) 69 fs 45.54 +0.04 + 0.05fs
eD? 1.65 4+ 0.01% 4.73 +0.34%

©s —0.076 £ 0.034 & 0.019 rad —0.090 + 0.032 rad

0.0784 4+ 0.0062 ps—*
0.6570 £ 0.0023 ps—!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-009/
http://arxiv.org/abs/1906.08356

THE ANGLE vy

Select y combinations through time (1o conf. intervals)

90 °
b5
3
80 S
I &
>
g 70 2
g H
< 60 K]
b
50 CKMFitter: indirect meas. £
CKMFitter: direct meas. 2
40 T LHCb combinations =
Babar combination T

30 T Belle combination

2008 2010 2012 2014 2016 2018

year

The precision on direct measurements
of the CKM fits

LHCb (LHcb-conF-2018-002]

ik|hef
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4///'/%/

J’Zr,’ =

The y uncertainty through time

o @ CKMFitter: indirect meas.
25 k @ CKMFitter: direct meas.
--®- LHCb combinations
g BaBar combination
20 +-®@: Belle combination
15
10
51 e 90
4 v v v v v
2008 2010 2012 2014 2016 2018

year

of ~y is slowly approaching that

BaBar [perkach, arxiv:1301.3283], Belle [trabeisi, arxiv:1301.2033), CKMfitter [ckmfitter.in2p3.f],

04/10/2019 — Beauty i
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http://arxiv.org/abs/1301.3283
http://arxiv.org/abs/1301.2033
http://ckmfitter.in2p3.fr/
https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-CONF-2018-002

THE ANGLE vy

PLB.777(18)16

PLB.777(18)16 JHEP.17(17)156 PRD.93(16)112018 PRD.92(15)112005

PLB.760(16)117 JHEP.17(17)156

PRD.91(25)112014
PLB.760(16)117 JHEP.17(17)156 ERD.20(141112002 PRD.92(15)112005
PLB.760(16)117 JHEP.17(17)156

PRD.91(25)112014

JHEP.10(14)97

MD: JHEP.08(16)137
JHEP.08(18)176

KYh*h~

g KIK*m~ PLB.733(14)36
Time-dependent Time dependent measurements with B — DF K+ [JHEP.03(18)59] and B® - D [JHEP.06(18)84] decays

Good news: Most LHCb measurements still to be done (or to be
updated)
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[LHCb, arXiv:1909.05211, submitted to Phys. Rev. D] [LHCb, arXiv:1909.05211, submitted to Phys. Rev. Lett.]

0,
BT — mt7m 7" AMPLITUDE ANALYSIS e"/e/o,;h‘

N /0,7 ~

ik|hef
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http://arxiv.org/abs/1909.05211
http://arxiv.org/abs/1909.05211

[LHCb, arXiv:1909.05211, submitted to Phys. Rev. D] [LHCb, arXiv:1909.05211, submitted to Phys. Rev. Lett.]

0,
BT — mt7m 7" AMPLITUDE ANALYSIS e"/e/o,;h‘

N /0,7 ~
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http://arxiv.org/abs/1909.05211
http://arxiv.org/abs/1909.05211

g 1.0 -—-- Isobar Qmi
9 + K-Matrix + Data
;> 0.5 {]t
2]l
e T
3 oottt J(Hﬂiﬁfﬁﬁjﬂjtﬁ

05 0.62 < my, < 078 GeV/c?
s
= i gt
€ 4 i
%—0.5 .ﬁ‘ i A
= ][JHL Jm[ + LHCb

=10} 0.78 < my, < 0.92 GeV/c?

-1.0 -0.5 0.0 0.5 Coseh;.o

Py >0 —=-- Isobar — BT K rnta" (x1‘0) |
RS K-Matrix Combinatorial
% 400r . aQml + Data
é 300? ++ttﬁ+% LHCb
£ t H "y
=~ "Ffd'd:ﬁ:’“‘ 7
§ 200 **F’Et-‘_j_
8
of
£ 02 St
é 0.0*;_‘4%17#‘@% +#{_H—Jr+++
2oy 1T F1

BT — ntn 7T AMPLITUDE ANALYSIS

[LHCb, arXiv:1909.05211, submitted to Phys. Rev. D] [LHCb, arXiv:1909.05211, submitted to Phys. Rev. Lett.]

0, .
”/e/o"vh
Qf;/‘ ~
On

1.2

13 14 15 16

Moy [GeV/c?]

Large CP asymmetries seen in interference of S-wave with p° (left)
: and in (1270) region (right).
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http://arxiv.org/abs/1909.05211
http://arxiv.org/abs/1909.05211

& 4-3: T T T T T T T T T T
9 46f :: - ';" v Ax? = 1.0 contours
= aaf .y . Fermilab/MILC 18
= 42F Ay~ pUV ‘NM‘\JSSZOU
4F [ world Average Vol global fitinks ] RBC/UKQCD 16
38F
36F —=—— | HPQCD 14
34F =
32F E —— Khodjamirian 17 (LCSR)
3 5
28 ;— ‘ % g Faustov 13 (RQM)
26F, 1 1 1 1 1 1 R
35 36 37 38 39 a4 43 4 —A Wang 12 (pQCD)
V| [107]
K Duplancic 08 (LCSR)
Vb Vs Vp from [Hriay ‘ ‘ ‘

0 0.1 0.2 0.3 0.4

fro(q® =0)
BY — K~ (¢*v form factor
calculations
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[Jure Zupan, arXiv:1903.05062]

CKM FIT CONSTRAINTS poclier |,

(e} It
Ga,hb?e/ =
//70
A - . 5 Vi b
. e 0
T I /\ = B0 .Mﬂ. B!
s Yo%
0 O :“? % “{md&Ams b V/; t Vi 5
%"’ Amy
[ e f G
L - )
[ o
r [ o v
F Y
i gy 50 B’
DA e 1 AR
10 05 0.0 05 1.0 15 b Vit Vi d
P
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http://arxiv.org/abs/1903.05062

[Schmidtler and Schubert, Z. Phys. 53 (1992) 347]

THE UNITARITY TRIANGLE IN 1992

Inputs: | Viyp|/|Ven| from ARGUS PR A NS )
(PLB255 (1901) 2077 and CLEQO (pLp 64 (1900) 16] “0 “T
(model-dependent), ex, B° oscilla- oy
tions from ARGUS (pLB 192 (1987) 2451 and
CLEO [prL 62 (1989) 22331, and the t mass o: P — Jo =175 Ma¥
me > 89 GeV/c? (95%) from CDF. e
o Today the value of fg is about 0 —
225 MeV. In 1992, much o -
smaller values were considered
likely. ° T pmowe

Status at first Beauty in
1993, in Liblice, Czech ’ — N

Republic
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https://inspirehep.net/record/317455
https://inspirehep.net/record/300636
https://inspirehep.net/record/282823
https://inspirehep.net/record/246220
http://inspirehep.net/record/277009

[CKMFitter]

THE UNITARITY TRIANGLE IN 2001

1
—_—

First measurement of sin 23

ik|hef
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http://ckmfitter.in2p3.fr/

[CKMFitter]

THE UNITARITY TRIANGLE IN

0.7

T I v -
8 h A \ =
= \ Am 8 € ! =
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g | \ =
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3 ]
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0.2 ' \\ =
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. \\ 3
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hel]

Constraints on Am;
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[CKMFitter]

THE UNITARITY TRIANGLE IN 2018

0.7

0.6

Summer 18

0.5

sol\w/\cos 25 < 0
(excl, at CL > 0.95)

0.4

excluded area has CL > 0.95

0.3

0.2

0.1

=}
= IIII|IIII|IIII|IIII|IIII|IIII|IIII

"4 -0.2 0.0 0.2 0.4 0.6 0.8

p
The CKM matrix still holds!
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LET’S BE OPTIMISTIC

If the central
value remains
exactly the
same (though
unlikely)...

Is this 70
an “odd case” 222
(the answer is NO!)

ik|hef
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© 3.50 effect (=5M???)
~2027 o s o .

70 effect (FSM)!
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SEARCH FOR K™ — 77vU DECAYS ~NaG2 @
(77 ~

Cor.
o+
3

Adding 2017 data

I s
Find 2 more candidates in signal box. =»  Ksn N

See 3 while expecting 1.65 £ 0.31 back- oost z
ground =» Set 95% CL :

T2, [GeV4c']

B(K*— nTuw) < 2.4 x 10710

10 20 30 40 50 60 70 80 90 100
i p.. [GeVic]

Consistent with SM expecta-

tion (8.4 £1.0) x 107 Buras & 4" i
Z IR e ISMETTY
Buttazzo, Girrbach, Knegjens, JHEP 1511 (2015) © = &
£ o005 —
033]. £ r (o)
i . I B s R ST P TR T KT ¢ e et o,
Single-event sensitivity: 0
(3.46 £0.17) x 101 onsh
< B=(5+7)x10"1
My s 20 2 30 3 4

T momentum [GeV/c]
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http://arxiv.org/abs/1503.02693
http://arxiv.org/abs/1503.02693
http://arxiv.org/abs/1503.02693

[LHCb, LHCb-CONF-2016-005]

DIMUON MASS DISTRIBUTION /r?agan
Uce,_ovz ~
10! ———+rr — T — —
10 | LHCb Preliminary M-

> 107 2 Y (1) -
(] 2011-16 data e BO % 60
O [ Single muon s % 0 E
Fob) S [ Charmonium 2 i
8 10°F Bottomonium S o A 1
g — [ Other triggers .g . . : =
S 10 o o 9 95 10 105 11 |
= Dimuon mass [GeV/c’]
&

10° i
102

1

0.2 1 2 345 10 20 100 200

Dimuon mass [GeV/c?]
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https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-CONF-2016-005

[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B2 — putpu~ Mgy b
ng

T s ——— 3 T f f
3 f  LHob P —— ERE LHCb E
2 F BDT >05 B 1 ¢ .t R ]
@ 25F Combinatorial 3 3 6 —— Effectivelifetimefit ]
B 20k B - hh E '§ H ]
5 2F e By S TOWY, g A b
3 15) A N ]
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5 4. 4_ I
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M- [Mev/c?] Decay time [ps]

‘ With 2011-2016 LHCb data (4.4fb™!):
LHCb

B(BY— ) =(30406753) x107°
B(B°— ptp™) = (15513 783) x 10710

Effective limfetime:
TR sty = 2.04£0.44£0.05 ps

x10°°

6
BF(B] - WH)
ik]hef
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http://arxiv.org/abs/1703.05747

[ATLAS, JHEP 04 (2019) 098, arXiv:1812.03017]

BY — ptu~ AT ATLAS

0.2

> g T ———— & . ; —_ ; ; ;
[ o 1.2
= 16 ATLAS *  2015-2016 data o [ ATLAS Run 1 + 2015-2016 data
g (s=13TeV, 26.3 fo™ Total fit T 1
W 14F0.4163<BDT<=1 — - Continuum background g T — LHCb Run 1 + partial Run 2 data
=S N " [l
g 12 b H' X background t 0.8 C Likelihood contours for
o A - Peaking background Cb 06 E -24In(L)=23,6.2,11.8
10| S B L B = oL S
o C
8 0.4

Lt b e b b o |
o

-0.2

| I AN NN AN N A N

Or

gt 2
5200 5400 5600 5800
Dimuon invariant mass [MeV] B(B? - u* ) [107°

Cl 1
91800 5000

ATLAS now also see B — ptpu™ :

B(BY— ptp~) = (2875%) x 107

BB utu™)=(-1.9+1.6) x 1071 < 2.1 x 107 (95% C.L.)
Consistent with LHCb [prL 118 (2017) 191801
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http://arxiv.org/abs/1812.03017
http://arxiv.org/abs/1703.05747

[CMS-PAS-BPH-16-004]

B— p"p~ WITH 2011-16 DATA Jacy (NS |
Cha
Sn ~
CMS Preliminary 36 fo (13 TeV) + 20 fb™ (8 TeV) + 5 fo™ (7 TeV) 0 ox107° 36 b (13 TeV) + 20 o™ (8 TeV) + 5 fb™ (7 TeV)
= -S H B
40: ¢ data full PDF [ < CMS
oo B-pw B Preliminary
35 e combinatorial bkg ~ esee- semileptonic bkg
[ oo Bo hw'pbkg = peaking bkg
30
> .
o
(O] C
< L
o R
P
= 2%
2 0
c [
w o r
SM
5F= - \
5 + | ]
ok o el obib Vbt b i i x10®
49 5 51 52 53 54 55 56 57 58 59 0 1 2 3 4 5 6 8
0 ,
My [GeV] BF(BS - HW)

BY — ptu~ observed at 5.60. No significant B® — ptp~
B(BY— ptp™) = (29787 £02) x 107° & Assumes SM 7q
B(B®— putu) < 3.6 x 1071% at 95%


https://cds.cern.ch/record/2684828

[Aebischer et al., arXiv:1903.10434]

B— p*pu~ AFTER MORIOND 2019

~

.
Js tral/b

:" .......... ATLAS
i LHCb
57 T C CMS
1 T~ —— full comb.
—~ i
‘1 4 - l: === Gaussian comb.
+i \,‘ *  SM prediction
T 3- \
2 4
q
S~—
o2
m
1 -
0
0

[CMS PRL 111 (2013) 101804] [PRL 118 (2017) 191801] [ATLAS JHEP 04 (2019) 098]
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http://arxiv.org/abs/1903.10434
http://arxiv.org/abs/1307.5025
http://arxiv.org/abs/1703.05747
http://arxiv.org/abs/1812.03017

B— uTp~ AFTER SUMMER 2019

[Aebischer et al., arXiv:1903.10434]

/ . ATLAS
P o YHOD Straub  for
/ /
5 1 S CMS the updated
. —— full comb. plot
\1 44 === Gaussian comb.
+i *  SM prediction
T 34
[l
=) ,
/o2 \
m \
1- i
0 o
0

5

x1079

[PRL 118 (2017) 191801] [ATLAS JHEP 04 (2019) 098] [CMS-PAS-BPH-16-004]
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http://arxiv.org/abs/1903.10434
http://arxiv.org/abs/1703.05747
http://arxiv.org/abs/1812.03017
https://cds.cern.ch/record/2684828

B— putpu~ wITH 2011-16

CMS Preliminary 36 fb (13 TeV) + 20 fb''(8 TeVv) + 5 b (7 Tev)

CMS Preliminary

[CMS-PAS-BPH-16-004]

36 fb'(13 TeV) + 20 (8 TeV) + 5 fb¥(7 Tev)
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https://cds.cern.ch/record/2684828

[LHCb, Phys. Rev. D101 (2019) 031102(R), arXiv:1902.06794]

b FRACTIONS AT 13 TEV Jac
oto”do ~
= 04 , , , \ b-hadron fractions determined ugl..g
A LHCb 41 semileptonic b— cuv decays

03 (s=13TeV .
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p,(Hy) [GeV]
- s . . . @ See pr dependence of f; and
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02 (s=13TeV b
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http://arxiv.org/abs/1902.06794

Angular

e
ﬁl Flavour &
: h anomalies .
h 3 A

e—(4 uni-

versality 3 -
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[Hiller & Kriiger, PRD69 (2004) 074020, arXiv:0310219]

LEPTON UNIVERSALITY IN b—> sfT{~

Gmas dr(B->Xp*tpu~) o
q d?

2
Dnin

2

Tmax 2dl(B—+Xete™)
[ dq 2

2 dg

qmin

Rk — 1o B(BY— utp™) L

Rx =

Assuming: |
@ Right-handed currents Ll L
R 10° 10° 107
negllglble BR(BS_)HH)
o (Pseudo-)scalar couplings
X my,

@ No CP phases beyond the SM
[Hiller & Kriiger, PRD69 (2004) 074020]
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http://arxiv.org/abs/0310219
http://arxiv.org/abs/hep-ph/0310219

[LHCb, Phys. Rev. Lett. 113 (2014) 151601, arXiv:1406.6482]

Rk HISTORY

[Note LHCb-2007-034]
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http://arxiv.org/abs/1406.6482
https://cds.cern.ch/record/1027442

[LHCb, Phys. Rev. Lett. 122 (2019) 191801, arXiv:1903.09252]

LEPTON UNIVERSALITY IN B — K"("0™ g
g@n p/I
U,
e For BT — KT¢T/¢~, the range & 30 e %
1.1 < g% < 6GeV?/c*is §300 ~+aa
— Total fit
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i @200 P T e B~ K'utu~
The fit gets 1943 4+ 49 g 150 Combinatoria
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. . . 2 = — Total it
calibrations, input g 5 ® Total R¢ =1
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—0.054 —0.014 000 =200 00

K*ete) [MeV/c?]
¢ (2.50 from the SM ™
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http://arxiv.org/abs/1903.09252

[Belle, arXiv:1908.01848]

Rx AT BELLE Wass W

Ny, BELLE

Using the full sample of

— S 18F g
772 x 10° BB pairs Belle 3w 8.
g 14f g2
selects BT — KT/T/~ and &« 2,
S0 £
B® — K3¢+¢~ decays e 5
S 6
e 137+ 14 BT — i :
K+,Uf+,u_ and 853155 5.245.255..26.275.559 90,1. 4)2)3 0 :50 "
M, (GeVic?) AE (GeV)

138+ 15 BT —

K*eTe™ decays BY— K3u' ™

found T 5.
G 16 T
27+6 B~ Kg;ﬁ‘u_ g g
s g s
and g ‘Z ::‘ .
22+7 B~ Kjetew &9 .
decays found 2 2;“.‘ NMmn;
ng 5.215.225.235.245.255.265.275.285.29 901 -0.05 0 0.65 0.1 015 02 0.25
M, (GeV/c?) AE (GeV)

B°— Klete™
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http://arxiv.org/abs/1908.01848

[Belle, arXiv:1904.02440]

Rx+ AT BELLE “’ata
:

Using 711fb~! data, Belle measure

R ]
e Find 103+ 13 B— K*ete™ . .
and 140+ 16 B— K*utp~ T % —
decays, adding B® and BT osl ]
4+ Data for B” and B* modes
o Cross-check BB SM prediction
0.0~ L L L
ri,, = 1.015+0.025 4 0. 0 5 10 15 2
I 015 4+ 0.025 + 0.038 2 GV /el
@ Combined result =» 20— : : :
—~ . 15 F 4
g é 1.0+ s | ]
< < & ‘
g g % ! 4 Data
H H 05| 4 LHCb 1
¥ BaBar
SM prediction
o i I W - 0= 5 10 15 20
SRS e e e q* (GeV?/c?)
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http://arxiv.org/abs/1904.02440

1.4 — : e
124 T | T
1. I
i
e 1.0 t = =
, :
=T B LHGb19
B Belle 19
0.6 L
E BaBar 12
0.4 =T l l l
0 5 10 15 20

2 [GeV?/cY]

HCb  [PrL 122 (2019) 191801]. Belle [arxiv:1008.018481. BaBar (pro 86 (2012) 032012].
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http://arxiv.org/abs/1903.09252
http://arxiv.org/abs/1908.01848
http://arxiv.org/abs/1204.3933

1.4 T T
1.2 s Ji 4 }
* i 1
< UTF ==
p— | b
osL T ~— B LHCH17
L —— [
L B Belle 19
T HH B BaBar 12
0.4 T T T T T T T
0 2 5 8 10 12 15 18

¢ [GeV?/c']

HCb pHep 08 (2017) 055 . Belle [arxiv:1004.02440) . BaBar [pro 86 (2012) 032012].
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http://arxiv.org/abs/1705.05802
http://arxiv.org/abs/1904.02440
http://arxiv.org/abs/1204.3933

[LHCb, arXiv:1909.02957]

ELECTRON EFFICIENCY

2 290< 115345 Non RF-Foil region LHCb use 13fb_1 at \/E = ].3 TeV

g 11.905qsé.90 N:RFJ:cnreglm %‘ |
g o0 = 159 taken in 2017 with a dedicated trig-
06 i LHCb ] 06 LHCb .
04f B —+ Daa 1 o4 —+Data ger ||ne.
—
02F -+ Simulation 02F ~+ Simulation " J K+
- ‘ ‘ ‘ @ Reconstruct B™ —
I ) v
T — T — with one electron (muon) and
/ 1
Py fMevic prlevid one velo track
2 a2y 300 Nonrerailregion] 8 400272450 NonR-Foi region . ..
I a— 3 @ The reconstruction efficiency
E 08 4 { &£ osf _
i} o ==+ . . .
ost thos 10 s LhHob is well modeled by simulation.
04F + Data 1 0.4F ~+Data
02F ‘ +9mu‘|allon 4 02F ‘ +S1mu‘lalon ° The average SyStematiC
o 11 T T o 11 T T .
I I uncertainty on the
Y vevig O vevia data/simulation ratio is 0.6%

per track and varies over
phase space.
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http://arxiv.org/abs/1909.02957
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01530 T F° ) " "LHCb
3 LHCb 58 e —
E o T 6 }Daa ~ baa
e 3. + H5EE oy o L Tl
@ - § 3 —+— '3 ZosE g ..l..
04 20 St
- - HER S e
H : s : + LHCb
N N N ¢ [GeV?c!) 1 . L L
_ 5 10 15 20
0 ° 1 q:zl?GeVZ/c‘] Bg — ¢u+,tt o [GevZc]
— 0 —
B Kty [JHEP 09 (2015) 179] A)— ApTp
[JHEP 11 (2016) 047] [JHEP 06 (2015) 115]
.| CSR Lattice -e-Data . |_CSR Lattice -e-Data mm|CSR Lattice -e-Data
- : e > Deta SR : et o — : oy > Daa
3 5 B L Ku'y -5 % 5 B Koy 1 3 5 B Koty 7
% 4 LHCb 3 % 4 LHCb ] % 4 LHCb ]
x 3 1 x 3 4 x 3 E
o + E o
5 . + Tt 3 a ) _+_ + E + _+_ E
g ¥ + 1%, + ]
a . , , . a | | | ) a | , , )
o % 5 1 15 20 © 10 15 20 T % 5 10 15 20
P [Gevicy e [GeVv3ic] R [Gevicd
Bt — K+,u+,u_ B0 KOH+M_ Bt — K*+M+M_
[JHEP 06 (2014) 133] [JHEP 06 (2014) 133] [JHEP 06 (2014) 133]
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http://arxiv.org/abs/1606.04731
http://arxiv.org/abs/1506.08777
http://arxiv.org/abs/1503.07138
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[PRL 115 152002 (2015), arXiv:1509.06235v2] [PRD 93 025026 (2016), arXiv:1507.01618]

B— h{T/~ FORM FACTORS FROM MILC

< &80T ‘ : : .
18 ‘> Form factors + CKM + Others ===
Lo & 06} Form factors only _
E 14 = LICb14 (B") —s—
Lo S o5l LHCb14 (BY) —— |
= 1 ?F’ Babarl2 ———
T T 0.4 CDF11 —e— |
i o = Belle09 ———
106 _ =y
S 04 = 0.3 1 o ; 1
y ! - =
. N\ 0.2 | 1 _I_ }
T 06 /\ T 011 ——
< g-: /\\V % - ;E*
S| -2 \’ & T o \ 0 L L L L |
T 0 5 1 15 20 2
7 [Gev?] g*(GeV)

Bt — 70l pher 1o osyosqg and B — K016~ puep o6 (2014) 133 are all
below the lattice computations.
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http://arxiv.org/abs/1509.06235v2
http://arxiv.org/abs/1507.01618
http://arxiv.org/abs/1509.00414
http://arxiv.org/abs/1403.8044

[Descotes-Genon, Khodjamirian, Virto, arXiv:1908.02267]

B— Km FORM FACTORS APPLIED TO B— /5_ fbbaﬂ

-
are O(I'/m).
112 [T T T T T ]
B — K o*
110 L
- . L4
B .®
z .
~ 108 o B
3 1.06f .
g2 .t 8L
N 1,04 o .
f
§ 1.021 1
1.00Fe" - Zero-width limit - - - - - - k- -
| | | | | |
0.00 0.01 0.02 0.03 0.04 0.05
PK* (GGV)
ik|hef . ——
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http://arxiv.org/abs/1908.02267
http://arxiv.org/abs/1609.04736

[Belle, PRD 90 112009 (2014), arXiv:1408.6457]

Z.(4200)" IN B®— JWpK—wt oy
'77/}7@ ~
1.2 GeV¥c* < MA(K.1) < 2.05 GeV?/c*
L © qg0f
% 22; % 180E H
15} o0l 15} 160:— ]l
’é [ § 140;— _]l
i} 18 S 120;—+ "'H- -
= £ 100 { + H
16 L%J 80;— bl >
1403 so;—““‘Jr‘"
40F"
12 20
o T | I I O PR DTN R STENS BRI BPETE M =S U o B
05 1 15 2 25 3 35 4 45 12 14 16 18 20 22
M?(K,m), GeV?/c* M2y ,m), GeV3/c*
K*(890)° and K*(2(1430)° well ~ K*O veto region: Z.(4200)" very
visible prominent. The Z-(4430)~ visible
via interference.
Confirmed model independently by LHCb [PRL 122 (2019) 152002]
ik|h
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http://arxiv.org/abs/1408.6457
http://arxiv.org/abs/1901.05745

e LHCbdata o ATLASdata
= Belledata © CMSdata
[ sM from DHMV
¥ sm from ASZB

-

S
(6]

L B
P(29)

15
o? [GeV?/cd

LHCb [JHEP 02 (2016) 104], Belle [PRL 118 (2017) 111801]
CMS [PLB 781 (2018) 517], ATLAS [arXiv:1805.04000]

f Patrick Koppenburg Conference Summary 04/10/2019 — Beauty in Ljubljana [53 / 92]



http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1604.04042
http://arxiv.org/abs/1710.02846
http://arxiv.org/abs/1805.04000

3
/@tt/
- w 1 — T
o C 'SM from DHMV ]
I ® LHCb Run 1 andysis 1
0.5~ 0 Belee'e arXiv:1612.05014 |
-~ 0 Belle up arXiv:1612.05014

LI
T

i3
o

|
T

|
o
al
T T T T T T

_ [ N T B SR
]O 5 10 15
o? [GeV?/ Y

LHCb [JHEP 02 (2016) 104], Belle [PRL 118 (2017) 111801]
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http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1604.04042

[Sébastien Descotes-Genon at Beauty]

D ¢,
esCO[ 93[,'6,7 ~

Ss.
Ceno
Other works from [Alok et al. 1903.09617] [Kowalska et al. 1903.10932] [D'amico et al. 1704.05438 updatea] 7

[ciuchini et al. 1903.09632) With different settings, similar favoured NP scenarios

1D hyp Algueré Aebischer Alok Arbey D’amico Kowalska

Cor 5.60 590 620 530 650 4.70
Cor = —Chy,  5.20 660 640 450 590 4.80
Cop = —cg“,lf: 5.50 - 6.40 - - -

@ NP hyps with significant pulls
@ Right-handed currents interesting

10

(due to Rk closerto 1) ~
("] Cé\LP = _C‘II\(I)I:; favoured by [Aebischer et al.] liz 03 @

as a combined effect of
@ BR(Bs — pp)
® Ap — Aup inputs
@ Amg s assuming no NP in AB =2
(not done in other fits) T

0.0

0.0 05
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http://indico.ijs.si/getFile.py/access?contribId=20&sessionId=4&resId=0&materialId=slides&confId=1031

[Di Luzio,Kirk, Lenz, Rauh, arXiv:1909.11087]

Ava))
B MIXING AND ANOMALIES “line, |
/Ce”te ~
AMs = Mg — M} =2 GF)\QM So(xt) Bfg. Mg,
s = H — L — 12 2 O(Xt) Bs BsnB
The experimental oscillation frequencies are [HFiay
AME*P = (17.757 £ 0.021) ps AMY® = (0.5064 + 0.0019) ps~
But with latest lattice [rLag (ETM] VB e VB
FTAG2019 By B, B
[HPQCD] [RBC/UKQCD] [MILC])
FLAG P + 1~2 _1 |- FNAL/MILC 16 -
AMS - (201 - 16) ps 3 RBC/UKQCD 14A
FLAG . + 0.049 1 z H—0—  FNAL/MILC 11 A —HO—
AMEEACG = (0.582 +30%2) ps 5 I
Q r»j]—«
which is 1.50 away. Could the same el recaensen  u]
NP explain this and the B anoma- = B o L
lies? 180 220 260 220 260 300 MeV
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http://arxiv.org/abs/1909.11087
https://hflav.web.cern.ch/
http://flag.unibe.ch/2019/
http://arxiv.org/abs/1308.1851
http://arxiv.org/abs/0902.1815
http://arxiv.org/abs/1406.6192
http://arxiv.org/abs/1602.03560

[Di Luzio, Nardecchia, EPJC7 7 (2017) 536, arXiv:1706.01868]

SCALE OF NEW PHYSICS FROM B ANOMALTIES’/%O L

/Ce”te ~
Notation: [Di Luzio, Nardecchia, 201
Coy EECbu
CNP 4G
—— ~20% x Vip Cc5M
2 ts 2
Axp V2 16
—— ~
NP SM
Unsuppressed NP C})\IP =1 = Anp ~ 30TeV
CKM-suppressed NP C};IP = |thVtZ| = Anp ~ 6TeV
NP 1
Loop-suppressed NP Cg = ) = ANP ~ 2.5TeV
167

VaVisl = Axp ~0.5TeV

NP
CKM&loop-suppressed NP 09 =
1672
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http://arxiv.org/abs/1706.01868

THE UGLY DUCKLING

B-anomalies

Other LHC results (+ the diphoton that

should not be named)
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Lepton Flavour Vioefation
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[LHCb, arXiv:1909.01010, submitted to Phts.Rev.Lett.]

SEARCH FOR Bt — KtputeT

If lepton-universality is violated, lepton-
number conservation may be too

o LHCb search for BT — Kt puteT
with Run 1 (3fb™!) data
o After full (BDT) selection,

combinatorial background
dominates

@ No signal found
Limits (90%) set as

BBt — Ktute™) <7.0x107°
B(B*— Ktpu~et) <6.4x107°

More than a factor 10 better than previ-

ous limit [BaBar, PRD73:092001,2006]

x107°
0

obii il bbby

B(B' - K*ute
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http://arxiv.org/abs/1909.01010
http://arxiv.org/abs/hep-ex/0604007

D% —

Naig

B and 90% U.L. (x1077)

T etel
ot
" etut
r-rtetuT
K-r~etet
K’W’u*;ﬁ
K-mn~etut
K-mtety™
K-K etet
K=K=ptpt
K-K-etut
KK+ et ™

0.22 +3.15+0.54
6.69 +4.88 = 0.80
12.42+530+1.45
137 £6.15+1.28
—0.23+£0.97 £1.28
—0.03 +£2.10£0.40
3.87 £3.96 £2.36
2.52+4.60 +1.35
0.30 +£1.08 £0.41
—1.09 £1.29 £0.42
1.93+1.92+0.83
4.09 £3.00 £ 1.59

0.27 £3.90 £0.67
7.40 £5.40 £0.91
15.4 4+ 6.59 &+ 1.85
1.55 £6.97 £ 1.45
—0.38 +£1.60 +£2.11
—0.05 +3.34 £ 0.64
5.84 £5.97 £3.56
3.62+6.61+£1.95
0.43+1.54+£0.58
—0.81 £0.96 £0.32
1.934+1.934+0.84
3.93+289+1.45

<9.1
<15.2
< 30.6
<171
<5.0
<53
<21.0
<19.0
<3.4
<10
<58
< 10.0

SEARCH FOR FORBIDDEN DECAYS

) Entries/ (032 MeV/c?) Entries/ (0.32 MeV/c?) Entries/ (0.32 MeV/c?)

(0:32 MeV/c?)

Entries/ (0.32MeV/c?) Entries/ (0.32 MeV/c?) Entries/

[BaBar, arXiv:1905.00608]

.
‘/O /Q ‘\V
5, N,
ro 9
O’z/b/(». I
Q i

A o o

N Y

|l

0142 0144 0146 0148 0142 0144 0146
Am[GeV/i A

0178
3] miGev/c]
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http://arxiv.org/abs/1905.00608

Rp-

Flavour
anomalies
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W
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[Belle, arXiv:1904.08794]

=

Using 772 million BB pairs, a P~ SENMMMMMMMMMMMMMMMNMMMMSS_

Rp AND Rp- WITH A SEMILEPTONIC TAG

selileptonic opposite B tag and %Oéi; *ETTSE Lfl . 7
T— UV, Belle measure 0.38F :z cle Combinaion o501 Gretminany) ,
0.36F 3

R(D) = 0.307 + 0.037 + 0.016 034 £
R(D*) = 0.283 +0.018 + %014 Ofig E
(\3\ * 028" AR 3

Using only m w O\ 0960 E
?‘O\oa c\e o 0.24f E

R(D) %5 & 0.068 + 0.030 02 S

02 025 03 035 04 045 05
R(D)

R(D*) = 0.245 4 0.035 = 0.020

Using only electrons: Belle combination, with proo2 (2015)

o72014] and [PRD 97 (2018) 012004]

R(D) = 0.281 =+ 0.042 4 0.017
l_R(D*) = 0.304 =+ 0.022 + 0.016



http://arxiv.org/abs/1904.08794
http://arxiv.org/abs/1507.03233
http://arxiv.org/abs/1507.03233
http://arxiv.org/abs/1709.00129

[HFlav'19]

B— D®)ry HFLAV AVERAGE

-/k-\ N -
a B HFLAV average Ax?=1.0contours ]
[0 04+ —]
[ LHChi5 ]
035 —
03f =
025 =
- Balel7 =
0.2 - SM + Average of SM predictions HFLAV &
- R(D) = 0.209 + 0,003 .
r R(D*) = 0.258 + 0.005 P00 = 27% ]

N R AR B A

0.2 0.3 0.4

R(D)

BABAR [PRL 109 101802 (2012)] [PRD 88 072012 (2013)] Belle [PRD 92 072014 (2015)] [PRL 118 211801 (2017)] [PRD

97 012004 (2018)] [arXiv:1904.08794] LHCb [PRL 115 (2015) 111803] [PRL 120 (2018) 171802]. Theory [FLAG EPJC77
017) 112], [Faijfer et al., PRD 85 094025 (2012)]
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https://hflav.web.cern.ch/
http://arxiv.org/abs/1205.5442
http://arxiv.org/abs/1303.0571
http://arxiv.org/abs/1507.03233
http://arxiv.org/abs/1612.00529
http://arxiv.org/abs/1709.00129
http://arxiv.org/abs/1709.00129
http://arxiv.org/abs/1904.08794
http://arxiv.org/abs/1506.08614
http://arxiv.org/abs/1708.08856
http://arxiv.org/abs/1607.00299
http://arxiv.org/abs/1607.00299
http://arxiv.org/abs/1203.2654
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- [ g X .
& 04 _
” LHCbl5 2
035 —
03 =
0.25 = ¥ Bellelo —— Bellel5 E
B Bellel7 ]

02 = New sM prediction +Average of SM predictions HFLAV
- 19?‘ =0297 £0.003 R(D)=0.299 +0.003 Spring 2019 |
B | R = 0.250+0.003 IR(D*) =0.258 +0.005 | IP(XZ) —27% ]

02 0.3 04 0.5
R(D)
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FLAVOUR ANOMALIES

Angular
(Ps)

b— b— cTv
sy~ Flavour trees
FCNC anomalies

BFs - Ty

e

= €e—[4 uni-

] & Ry
versality )
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FLAVOUR ANOMALIES

Anngjlar Rp
(Ps)
Rp~
b+_>7 ' b= ctv
AN Flavour s
FCNC anomalies
BFs -7 \
P . A |
,'f : = €e—[4 uni-
&1& ‘ ; © versality
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95% CL Upper Limit on o, x BR [fb]

I‘H 15
2 [GeVv2/el)

Lepton universality
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[PRL 122 (2019) 191801] ...

ARE WE ALREADY SEEING NEW PHYSICS?

600 800 1000 1200 1400 1600 1800
my [GeV]

Excess at 750 GeV

[ATLAS-CONF-2015-081]

T
= 10 contours

ooz
ossf P
| s
3

petala Fadiers

3 e
RD)=0256 £ 0005
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0z 03 [

b— cTv [HFlav,
arXiv:1909.12524]
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a,-a® [x10™)
Muon g — 2 [Davier, Hoecker,
Malaescu, Zhang]

There is a handful of intriguing 3—40 anomalies
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http://arxiv.org/abs/1405.3447
http://arxiv.org/abs/1405.3447
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http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1903.09252
http://arxiv.org/abs/1909.12524
http://arxiv.org/abs/1909.12524
http://arxiv.org/abs/1908.00921
http://arxiv.org/abs/1908.00921
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ARE WE ALREADY SEEING NEW PHYSICS?

= T T
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[ATLAS-COpF-2015-081] [JHEP 02 (2016) 104]
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Malaescu, Zhang]
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FLAVOUR ANOMALIES

We need better precision in QCD.

Flavour
anomalies

~—
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FLAVOUR ANOMALIES

It could be new vector bosons (but
beware of BB mixing)



FLAVOUR ANOMALIES

It could be new vector bosons, or lep-
toquarks



FLAVOUR ANOMALIES

Why is there no CP violation beyond
the CKM matrix?

Flavour
anomalies

Lattice

Sum :
rules AR

. s-J \'\“
‘m # ;?' Conference Summary
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FLAVOUR ANOMALIES

They are likely to generate charged-
lepton flavour violation.

Flavour
anomalies

s Tl w“

’i
;
—

AN
Leptons,
Kaons !]
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FLAVOUR ANOMALIES

Can we see the bosons or leptoquarks LHC
at ATLAS and CMS?

zZ W

Flavour
anomalies

800 1000 1200 1400

‘?w% & | © G ST > Leptoguark mass (GeV)

m
(1

&

4 NG
Leptons, 7
=

Kaons

d i ninns o TRNREERET Ny
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FLAVOUR ANOMALIES

Throw all data at a big fit of every-
thing

Flavour
anomalies

Leptons,

I 1

Bellell |
—

Kaons
(3
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FLAVOUR ANOMALIES

Or do we need a new machine?

Flavour

) anomalies
QCD #-=
Lattice
Sum Leptons, 5
rules -

Kaons "
(3

-
‘\ k
Belle
i ninns o TRNREERET Ny
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[Belle, NIM A479 (2002) 117]

THE BELLE EXPERIMENT

= 2 - R FARMEKPEFREEE

BET

0 b= DL N ()
Ty };zﬁllill%% ‘a AN

I
., |
{

gﬁbDUi v -

~ g - . \ -rr,
RSk 17 b ? o RITRMENOY Y-

FzyN\= SuUnTITZOY I
FrLYaIhHYs—
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https://inspirehep.net/record/541364

BELLE II

KL and muon detector:
Resistive Plate Counter (barrel)
WLSF + MPPC (end-caps)

electron (7GeV)

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 layers

positron (4GeV)

He(50%):C2He(50%), S
lever arm, fast electronics

ik|hef
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BELLE Il STARTUP

Integrated luminosity [fb~]
m—Day per Day
— Total
" Total [ £ dt =6.49 [fb7]
[0.83 fb"! recorded below the 4S]

Linac fire
incident
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[superkekb]

BELLE II SCHEDULE

Belle L
AR
3 10 o0
x10345= "1 ]
1
n L
o~
1 8
—_— I i i ; L : i : i =
T T T T T T : . : : : : r+
PE ; . ; L ; ; .
SPEAR ; I ; I ; ;
0l o LenDERC VEPP200D Pl 29 EN P HEA ; ;
PETRA oo 9 @ER) : I i 4R A : : :
T g e | ; RN AL N R —
: FERl CE : [ Lo P : : P
10y CESR % phases R P P o ; ; T |
DAFNE o ° ase H H H H H H H H H H H
d ¥exn H : P P P : : [ )
; s P Y ; ; . (=2
e : : : 20
P  anl ; ; ; (=]

® Final design

L | 1 1
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2019 2021 2023 2025 2027

ik|hef

Patrick Koppenburg Conference Summary 04/10/2019 — Beauty in Ljubljana [74 / 92]


http://www-superkekb.kek.jp/

RARE DECAYS AT BELLE II

Bellell 2019 [B® —-K% — K'ny
preliminary @B —K* — K%
f Ldt=2e2f' HB —K* — Kt

Events/(3MeV)

Events / (0.002 GeV/c?)

05 200 5,20 5. 24 5,26 5.280 5300
0 M{K*y) (GeVd
52 521 522 523 524 525 526 527 528 5.29

mbC[GeV/cz] [Belle, NIM A479 (2002) 117][CLEO, PRL 71 (1993) 674]

uue

sig.na_l yield significance

(statistics only)
B - K% - K*n )y
BT > K*+( - K+7r0)y
BT — K'(— Kty

ik[hef )
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https://inspirehep.net/record/541364
http://dx.doi.org/541364

== Muon g-2 Run-1/2 Actual and Extrapolated e+

Assuming 4% of BNL/day gets us
close to 21.5xBNL goal

Fraction of BNL

5 _° o o
¥ 10\ u‘)@)\ 0¥ > z“lhi > > 83} 3
o oM & @™ oM

/ 4 \ LY . >
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[Max Degtyarev (2019)]

=

ControlCenter

ik|hef
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https://www.behance.net/gallery/67661801/The-incident-at-the-Large-Hadron-Collider-experiment

INTEGRATED LUMINOSITY

CMS Integrated Luminosity Delivered, pp

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC

200, 200
= = 2010, 7 TeV, 45.0 pb '
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z, m— 2012, 8 TeV, 23.3 M '
G 150 w— 2015, 13 TeV, 4.2 10 ' 150
8 2016, 13 TeV, 41.0 1 '
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[Greg Landsberg, Lyon 4/9/19]

PARKED B SAMPLE

DAQ capacity exceeds
computing capacity

=» park some data for \ Mode [ Neow | f5 07 | B \
Generic B hadrons
later use BY 4.99 x10° 0.4 1.0
10 B* 4.99 x10° 0.4 1.0
o CMS collected 10 B T o
B events. b baryons 1.56 x10° 0.1 1.0
Be 1.25 x107 | 0.001 1.0
@ Similar to LHCb's B hadrons total | 1.25 x10™ [ 1.0 | 1.0 |
Interesting B decays
2011 sample B> K04 [ 3200 [ 04 [ 2x99x1077 [14]
caveats a B= —» K¢t~ 2250 0.4 451 x1077 15
ts apply = o KR 18]

More than 20x the entire BaBar B sample collected in just 6 months!

For other physics, the integrated luminosity of this sample is ~50 fb-1

<PU>=20

ill 6759 L1 trigger rate
10

"Approximate sample of b hadrons in
arked sample before reconstruction and
selection

Trigger strategy — L1

Fill 71 L1 rigger rate —

00 0500 B0 (2%
o T
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https://indico.in2p3.fr/event/18646/contributions/74449/attachments/54771/71908/glandsberg.pdf

[LHC web]

LHC SCHEDULE

2015 2016 2017 2018 2019 2020 2021 2022 2023

[3[FMAM3 [3]ATSIOIN[D3[FMAM3[3[A] FIMAIM] [3]ATS[OIN[D]3[FMAM3[3 AIS|OIND 3 F] 3[AIS[OND 3 [FIMAM3[3[A] 3]F] [AIS[OND
EveTs | Long shutdown 2

—

2026 2027 2028 2029 2032
|\ J|FMAM]JAS IN[DJ3[FIMAM3 [3[AS[OIND 3 FIMIAIM]3 |3 [A[S[OINDY 3 [FIMAM 3 [ 3 [AS[OIN DY 3]F] [AMD[3[AIS[OND)
Long shutdown 3 ﬂa_'
2033 2034 2035 2036 2037 2038
3]F] 3 [3[A[S[OINID{ 3[FMAM [ 3] 3]F] 3[3[A[S[OINID{ 3[FMAM [ 3 [3[FMAM3[3[AISIOIN[D 3 [FMAM3[3[A] of
LS5 |

Shutdown/Technical stop
Protons physics
Commissioning

Tons
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https://lhc-commissioning.web.cern.ch/lhc-commissioning/schedule/LHC-long-term.htm

ALICE UPGRADES

Cylindrical
Structural Shell /

Half Barrels

Beam pipe

ALICE Preliminary
30-50% Pb-Pb, {5y = 5.02 TeV
« Prompt D, D', D** average, ly1<0.8

Va

LICE Upgrade Simulation
Pb-Pb, |s,,,=5.5 TeV, L, =10 nb’

0.4
0.25

0.3 v, {SP, 1A7|>0.9} ] E E
F v 5 lyl<05 i F l
L Vv, {SP, IAyI>2} JHEP 1809 (2018) 006 0.2~ D%, 30-50% centr.
[ :6‘ o charged particles, Inl<0.8 1 r D:, 30-50% centr. 7
0'2;‘# ‘ v, {SP, IAl>2} JHEP 07 (2018) 103 ’ 0.15; _$_ AL 10-40% centr. ]
o ] : * ]
01" ”‘&* % 41#—4'?;* F % - ]
of 7777777777777777; E LT
L [ Syst. from data ] 0.05; _:
r B Syst. from B feed-down 7 ]

B N A N N W P P ]

5 10 15 20 25 30 35 0 8 10 12 14 16

p, (GeV/c) P, (GeV/c)

ik[hef
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[Max Degtyarev (2019)]

HC )
THCD

ik|hef
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https://www.behance.net/gallery/67661801/The-incident-at-the-Large-Hadron-Collider-experiment

LHCb TRIGGER IN RUN 2

LHCb 2012 Trigger Diagram LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate 40 MHz bunch crossing rate

~ LU > < b I

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

450 kHz 400 kHz 150 kHz

450 kHz 400 kHz 150 kHz

h* H/pp e/y

Defer 20% to disk ) ,

Software High Level Trigger

SR

Partial event reconstruction, select
displaced tracks/vertices and dimuons

29000 Logical CPU cores Buffer events to disk, perform online

detector calibration and alignment

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive [ Full offline-like event selection, mixtureJ

of inclusive and exclusive triggers

4 I b > I
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LHCb TRIGGER IN RUN 3

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LHCb Upgrade Trigger Diagrain

30 MHz inelastic event rate
(full rate event building)

LO Hardware Trigger : 1 MHz
readout, high Ey/Pr sighatures

450 kHz 400 kHz 150 kHz

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

L > I

12.5 kHz (0.6 GB/s) to storage
hef

Patrick Koppenburg

Conference Summary

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

L

Buffer events to disk, perform online

detector calibration and alignment

O

Add offline precision particle identification
and track quality information to selections

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

L L

2-5 GB/s to storage
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https://cdsweb.cern.ch/record/1701361

LHCb UPGRADE

£ =2-103 cm 257! requires some new detectors and 40 MHz read-out
clock new electronics

VELO: New pixel vertex detector

TRACKERS: New scintillating fibre tracker.
The upstream tracker is also replaced

PID: Hybrid photodetectors to be replaced by
multi-anode PMTs

= 50 fb~! by Run 4.

v We are preparing an-
other upgrade for Run 5 /4
=» 300 fb~*

pgrade TDR] [Velo] [PID] [Sci-Fi] [Trigger] [Phase-ll Eol]
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https://cdsweb.cern.ch/record/1333091
https://cdsweb.cern.ch/record/1624070
https://cdsweb.cern.ch/record/1624074
https://cdsweb.cern.ch/record/1647400
https://cdsweb.cern.ch/record/1701361
https://cdsweb.cern.ch/record/2244311
https://cdsweb.cern.ch/record/1333091
https://cdsweb.cern.ch/record/1624070
https://cdsweb.cern.ch/record/1624074
https://cdsweb.cern.ch/record/1647400
https://cdsweb.cern.ch/record/1701361
https://cdsweb.cern.ch/record/2244311
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ik|hef

[CERN-LHCC-2017-003]

Magnet Side
Stations

We have expressed an in-
terest for a Phase-Il up-
grade [CERN-LHCC-2017-003] .

Timiog/ | spatial The physics case is

Phase-II { PID i
- resolupon
& Timing [arXiv: 1808.08865] .

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

e I on s IR
HLLHC s PR s s« DREMEL o
%E Upgrade la :| ’_V_ Upgrade Ib —‘ [ Upgrade Il P
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https://cdsweb.cern.ch/record/2244311
https://cdsweb.cern.ch/record/2244311
http://arxiv.org/abs/1808.08865

[LHCb, arXiv:1808.08865]

LHCB PHASE-II UPGRADE Zaach
S@h ~
The plan is to record LHCb Current » Upgrade | » Upgrade I—»
22 o -
300fb~! by the end of 5u1 SRR
Run 5. 2183 A3
ENE Flsn £
Eol [cern-tHcc-2017-003) £, 3 ] 3
° [ ] 514_5 —:2oo§
Physics case [Hes, % %3 7 & @ ] &
° y [ ' ém{ 3 3 - —:150§’
arXiv:1808.08865] E i
E —J100
@ LHCC has LE E
= 3
approved LHCb to i 0
proceed to a e = mm % 8 I
2010 2015 2020 2025 2030 2035

framework TDR
(2021)

Join us at the open Upgrade-1l meeting in Spring 2020 in Barcelona!

@ Possibility to join as technical associate group.
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http://arxiv.org/abs/1808.08865
https://cdsweb.cern.ch/record/2244311
http://arxiv.org/abs/1808.08865
http://arxiv.org/abs/1808.08865

oL HCb, arXiv:1808.08865]

THE P{H}YSICS CASE

Nik[hef
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http://arxiv.org/abs/1808.08865

BEAUTY POTENTIAL St s

An exercise for all of us
How do you assess the scientific potential for Beauty and in general of

(a) The High-Luminosity LHC?

(b) The High-Energy LHC?

(c) A 100-TeV pp Collider (FCC-hh)?

(d) A 250-GeV ILC?

(e) A circular Higgs factory (FCC-ee or CEPC)?

(f) A 380-GeV CLIC?

(g) A utp~ — H Higgs factory?

(h) LHeC / FCC-eh? (or an electron—ion collider?)

(i) A muon-storage-ring neutrino factory?

(j) A multi-TeV muon collider?

(k) The instrument of your dreams?
Chris Quigg. Ljubljana - 30.09.2019 41 /41
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It was a great conference!
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It was a great conference!

Conclusion
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THE MAN LIHO COULD
NOT SUMMARIZE
IT ALL STARTED

453 BILLICN YEARS

“HADEAN EON. Backup

3

-
!
T

N
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