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Physics topics on the Agenda:

Overview of the flavour elements of the HL-LHC physics workshop

Vondelkerk, Amsterdam

Rare decays and LFU tests at Upgrade Il (Theory)

Vondelkerk, Amsterdam

Rare decays and LFU tests at Upgrade Il (LHCb)

Vondelkerk, Amsterdam

CP violation in Charm at Upgrade Il (theory)

Vondelkerk, Amsterdam

CP violation in Charm at Upgrade Il (LHCb)

Vondelkerk, Amsterdam

Heavy lon physics in the HL-LHC era

Vondelkerk, Amsterdam

Physics with an upgraded Calorimeter

Vondelkerk, Amsterdam
TORCH Physics

Vondelkerk, Amsterdam

CP violation in beauty at Upgrade Il (theory)

Vondelkerk, Amsterdam

CP violation in beauty at Upgrade Il (experiment)

Vondelkerk, Amsterdam

10 Apr 2019 -

Jorge Martin Camalich et al.

13:35 - 14:00

Javier Fuentes-Martin

14:05 - 14:30

Paula Alvarez Cartelle

14:35 - 14:55

Luca Silvestrini et al.

08:45 - 09:10

Laurent Dufour

09:15 - 09:35

Laure Marie Massacrier

09:40 - 10:05

Yasmine Sara Amhis et al.

11:55 - 12:15

Tom Hadavizadeh &

14:25 - 14:45

Monika Blanke et al.

16:40 - 17:05

Francesca Dordei et al.

17:10-17:30
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Where we come from...

e |etter-of-Intent 1995
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Figure 2.1: Limits on the CKM parameters (1o) p
and 7 for m; = 174 GeV. The annular region cen-
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Figure 2.2: The Unitarity Triangle
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J.Martin Camalich

Flavour Physics in the HL-LHC era on arXiv:1812.07638

@ Prototypical example: FCNCs

uct Loop
< < “«— Weak o N— Flavor
@ y 1‘2 * 2
W Msm ~ Gr 16,2 (Vis Vin)
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@ Flavour observables probe (indirectly) very high energy scales!
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Generic bounds without a flavor symmetry
M. Neubert at EPS 2011

What is the reach in A of flavour physics at HL(HE)-LHC? )

J. Martin Camalich (IAC) Flavour elements of the HL/HE-LHC workshop April 8th 2019 6/21



Flavour physics

has a track record...

GIM mechanism in KO- pup

CP violation, K 9>nn

BO&>BO mixing

Weak Interactions with Lepton-Hadron Symmetry*

S. L. Grasnow, J. Iuiorouros, axp L. Marantf
Lyman Laboratory of Physics, Harvard University, Cambridge, Massachuseits 02139
(Received § March 1970)
We propose a model of weak interactions in which the currents are constructed out of four basic quark
fields and interact with a charged massive vector boson. We show, to all orders in perturbation theory,
that the leading divergences do not violate any strong-interaction symmetry and the next to the leading

divergences respect all observed weak-interaction selection rules. The model features a remarkable symmetry
between leptons and quarks. The extension of our model to a complete Yang-Milis theory is discussed.

splitting, beginning at order G(GA?), as well as con-
tributions to such unobserved decay modes as K»—
w4y, K+*— x4+, etc., involving neutral lepton

We wish to propose a simple model in which the
divergences are properly ordered. Our model ic fanndad
in a quark model, but one involving four, not three,
fundamental fermions; the weak interactions are medi-

new quantum number @ for charm.

27 Jury 1964

EVIDENCE FOR THE 27 DECAY OF THE K,° MESON*T

J. H. Christenson, J. W. Cronin,I V. L. Fi’cch,I and R. Turlay§
Princeton University, Princeton, New Jersey
(Received 10 July 1964)

This Letter reports the results of experimental
studies designed to search for the 27 decay of the
K,° meson. Several previous experiments have

three-body decays of the K,°, The presence of a
two-pion decav mode implies that the K,° meson
is not a pure eigenstate of CP. Expressed as

K,=27"*(K-K,) +€(K,+K,)] then le|*=R 7 7

OESY 67-029
April 1987

OBSERVATION OF B'.B' MIXING
The ARGUS Collaboration

In summary, the combined evidence of the investigation of B meson pais, lepton pairs

and BY meson-lepton events on the T(4) leads to the conclusion that .5 mixing has

been observed and is substantial,

Parameters

Comments

> 0,09 90%C L

x> 044

Bifp = {, < 160 MeV
my < 5GeV/c

n< 14107

[Vyg) < 0.018

noen < 0.86

me > 50GeV /e?

This experiment

This experiment

B meson (= pion} decay constant
b-quark mass

B meson lifetime
Kobayashi-Maskawa matrix element
QCD correction factor (17]

| t quark mas:

Glashow, Iliopoulos, Maiani,
Phys.Rev. D2 (1970) 1285

Christenson, Cronin, Fitch, Turlay,
Phys.Rev.Lett. 13 (1964) 138-140

ARGUS Coll.

Phys.Lett.B192:245,1987
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Flavour physics has a track record...

Flavor physics was instrumental in discovering and shaping the SM

Nuclear s-decays: Discovery weak interactions and neutrino

Rare Kaon-decays: Discovery of the charm quark

Kaon decays: Discovery of CP violation = Discovery of 3 generations

y

Expect the unexpected ...

-~

N

observation of K; — w7~ in 1964

first observation of CP violation

prediction of third generation of
fermions

494 < m¥*< 504

L)

w
o

\NUMBER OF EVENTS /

20

J.Martin Camalich

T

pt

M. Blanke
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Precision physics!

e Historical record of indirect discoveries:

Particle Indirect Direct
v B decay Fermi 1932 Reactor v-CC  Cowan, Reines 1956
W B decay Fermi 1932 wW->ev UA1, UA2 1983
C Ko2>uu GIM 1970 J/y Richter, Ting 1974
b CPV K°>»nn CKM, 39 gen 1964/72 |Y Ledermann 1977
7 v-NC Gargamelle 1973 Z> ete UA1 1983
t B mixing ARGUS 1987 t> Wb DO, CDF 1995
H ete- EW fit, LEP 2000 H-> 4u/yy  CMS, ATLAS 2012
? What's next ? ? ?
Uu 1% €+
/\
d - v I
W 2 ’ Lz ‘
— - D
Ve i M\ \ Iu \ d M\ b Z
%% i o
KO C I BO ¢ ¢ BO
W W
NS\ n avav
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Timeline

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 203+
Run III Run IV Run V
LHCb 40 MHz L=2x10% LHCb L=2x10% LHCb L=1.5x 10%
UPGRADE I Consolidate: Upgr Ib 50]%_] UPGRADE 11 300]%_1
ATLAS ATLAS HL-LHC ATLAS HL-LHC
Ph IU
ase I Upgr =2y 0% Phase II UPGRADE [ =5x10% L =5y 103
CMS 300fb'1 CMS CMS 3000]%-1
Phase I Upgr Phase II UPGRADE -
?Ielle 5 ab! L=8x10% 50 ab! o LHC schedule: Erederick Bordry, Jun 2015
ot (gel\e LK erito

News!
Ph.Urquijo on Belle III,
Durham, 3 Apr 2019

10 Apr 2019 - Upgrade II workshop - Niels Tuning 9



Main results statistics limited!

Physics Case for an LHCb Upgrade II, CERN-LHCC-2018-027

Observable Current LHCb o(stat)/c(sys) Largest source of systematic
EW Penguins

Ry 0.745 + 0.090 &+ 0.036 [274] 2.5 Mass shape & trigger eff

RK*O 0.69 £0.11 £+ 0.05 [275] 2.2 MC correction & residual bkgd
% D;“K_ ( i’ % g)o [136] 3 Am, time res, tagging, det asymmetry
7, all modes (F29)° [167] )

sin Qﬁ, with Bo N J/¢Kg 0.04 [609] 8 Decay time: bias and efficiency

¢s, with BY — J /¢ 49 mrad [44] 8 Angular efficiency

¢s, with Bg — D;—DS_ 170 mrad [49] 8 Decay time resolution

¢§§S, with Bg — ¢¢ 154 mrad [94] 5 Acceptance (angular and time)

agl 33 x 10_4 [211] 1.3 Track reco asymmetry

Vaol/[Ves| 6% [201] 0.5 External BR(A,)

B, B’ —putu~

B(BO — ,UJ+N_)/B(B2 — ) 90% [264] /1,

TBY—ptps 22% [264] Decay time acceptance

S -

b — ¢~ LUV studies 1 MC sample size

R(D¥) 0.026 [215,217]

R(J/¢) 0.24 [220] 1 F(B.~>J/y) form factor

Charm

AAcp(KK — ) 8.5 x 1074 [613] 27 Mass model

Ar (% T sin ¢) 2.8 % 10—4 [240] 2.8 Contribution from sec b>D*X decays
T sin gb from D° — Ktn— 13 % 10*4 [228] 2 Contribution from sec b>D*X decays

10 Apr 2019 - Upgrade II workshop - Niels Tuning 10



Physics Case for an LHCb Upgrade 1I, CERN-LHCC-2018-027

Run-1 = Upgrade II: Order of magnitude in precision

Observable

Current LHCb

EW Penguins

Ri (1 < ¢* < 6GeV?ch)
R+ (1 < ¢® < 6GeV3c?)
Ry, Ryr, Ry

CKM tests
7, with B — Df K~
v, all modes
sin 23, with BY — J/¢ K}
¢s, with BY — J /¢
¢s, with B — DI D7
55 with BY — ¢¢

S

g)

[Vas|/[Ven|

B, B'—putp~

B(B® — u*p™)/B(B) — ptp™)
TBY—ptp~

Sup

b — ¢t~ LUV studies
R(D*)

R(J/Y)

Charm

AAcp(KK — 7m)

Ar (= xsin @)

zsin ¢ from D — Ktn—

(£35)° [136]
(F50)° [167)
0.04 [609]

49 mrad [44]
170 mrad [49]
154 mrad [94]
33 x 1074 [211]
]

90% [264]
22% [264]

0.026 [215,217]
0.24 [220]

8.5 x 10~ [613]
2.8 x 10~% [240]

13 x 1074 [228]

Upgrade I

0.007
0.008
0.02, 0.02, 0.05

10
0.35°
0.003

4 mrad
9 mrad
11 mrad
3x 1074
1%

10%
2%
0.2

0.002
0.02

3.0 x 1075
1.0 x 1072
8.0x 1075

10 Apr 2019 - Upgrade II workshop - Niels Tuning
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Outline

e Rare Decays
- Very rare: Bis)’PHtW
— FCNC EWP: b->sll
e CP violation in Charm
- CPV in mixing: Yepr Ar
- CPV in decay: AAqp
e CP violation in Beauty
- Time dependent: sin2B, ¢,

— Time integrated: vy

e Heavy Ions

10 Apr 2019 - Upgrade II workshop - Niels Tuning 12



syy =82 TeV

suy = 5.0 TeV

L. Massacrier

® — «— ey,
Heavy Ions Colermode 1 FX | Pb
Sy =110 GeV Sy = 69 GeV
Fixed target mode : ?;; @ — &
(He,Ne, Ar...) Pb Gas (Ne, Ar)
E(ZTeV, VSNN
pp p-208Ph 208ppH-208pp | 129%e-129%e p-160 160)-16()
\s=2E \s=2E\r \s=2Er, r=82/208 \s=2FEr, r=54/129 Ns=2E\r \s=2Er, r=8/16
1.38 2.76 2013
2015
2011 2010
3.5 7 2.76 | ichorf
4 g »2 502 2
2015
6.37 5.02 53
2015- 2016 = a4 2017
6-5 13 2018 8-16 . ,*3*‘!
2.75
4.4
7 Q.9 200ub?| 7  500ub

Requested luminosity taken from HL-LHC WG5 arXiv:1812.06772

O Need for pp reference at \'s = 5.5 TeV

10 Apr 2019 - Upgrade II workshop - Niels Tuning 13




L. Massacrier

Heavy Ions in the LHC

Pb-Pb@ 5.5TeV _

Pb";bg' ::.Fev (low mag.field) "\ pp @ 5.5TeV
) 2.85 nb""! 10 pb-!

2015 2016 2017 2018 2019 2020 2021 2022 2023 I

JFMAMJJASONDJFMAMJJASONDJHMHMJJASONDJFMAMJJASONDJFMiA\'MiJi]iAiSiOiNiDJiFiM\'AiMiJiJiAiSiONDJ FIMAM]3[3]A[S[OIN[D|3[FMAIM3 3 JAIS[OIN[D) 3 [FIMAM3 [3[A[S[OIND)
eres | Long shutdown 2 | Some variations possible:
Pb-Pb@5.5TeV .- p-Pb@ 8.8TeV,50 nb" - Pb-Pb@ 5.5 TeV } : S .
2.85 nb"" Pb-Pb@ 5.5 TeV, 1.5 nb"' 2.85 nb""! Easy modification: replace Pb-Pb
2024 2025 2026 2027 2028 2029 2030 2031 2032 b)’ P-Pb el PP ref

JFMAMJJiA\lsinIDJIFl\M}AiM\ljiJ\lAﬁo}N}DJ FIMAM3[3[ATS[OINID| 3 [FIMAM 33 ]AS[o[N[D|3 [FIMAM[3 3 [A[S|OIND} 3 [FIMAIMA3 [ 3 [ATSTOINDY 3 [FIMAM 3 [ 3 JAIS[OINID{ 3 [FIMAM 3 3 [A[S|OIN[D} 3 [FIMAIM3 [3[A[S[OINDY - ReqUiring more Preparation:
Long shutdown 3 Lsa replace Pb-Pb by other specie

LT (eg.Ar-Ar)

il

L e

2033 2034 2035 2036 2037 2038

J|FIMAM|J|J|A/S|OINID{J [F|

|. Jowett, Workshop on the physics of
HL-LHC, oct. 2017

=

[AM 3[3]A[S[OINDI 3 [FIMAMI3[3]A[S[OIND] 3 [FMAML [3]A[S[OIND| 3 [FIMAIM 33 A[S[OIND] 3 [FMAM]3[3]AS[OIND)

LS5

[T

Shutdown/Technical stop
Protons physics
Commissioning

Ions

Proposal in ALICE to install a fixed-target setup (solid target or gas-jet) during LS3

LHCb Upgrade

LHCb-SPIN? (Phase 2)
EDM/MDM with bent crystal?
(Phase 1) :
[ 2018 [ 2019 [ 2020 | 2021 2022 [ 2003 [ 2024 [ 205 | 206 | 2027 | 2028 | 2029 | 2030 [ 2031 [ 2032 [ 2033 [ 2034 [ 2035 [ enysics

lat{az]a3la4|a1az{a3]a4]|a1]az2{a3]a4]a1]a2 /03104 aia2]a3]a4 a1 |az|a3]a4|ai (a2 (a3 [a4]a1 [a2[a3]a4 a1 [az[a3]a4 al <7 [a: [a4]a1]a2]a3]aa]a1 ez [c3]a4]a1 a2 [a3]04]a1]az]a3]a4 a1 @2 [a3 a4 |a1 |02 1% a4 a1 ]a2 [a3]a4 a1 [z {03 04 B Shutdown

Beam commissioning

Run 3 Run 4 Ls4 R LS5
injectors LS2 LIU installation r e . un5 nm Technical stop

ALICE Upgrade ALICE-FT with solid target?




L. Massacrier

LHCb strenght w.r.t ALICE in the forward region after the upgrades

Q) First observation by ALICE of an excess in the yield of J/{ at very low-ptin peripheral AA collisions
—> attributed to coherent photoproduction of J/{ in collisions with nuclear overlap
—> could potentially become a new golden probe of the QGP
O Run 3&4, measurement in most central AA collisions still challenging (~ 15% uncertainty on the yield)
U Excellent pt resolution (LHCDb) to study the pr shape (and confirm the mechanism)
QO Also needs large statistics : polarization measurement, W(2S) and Y vector mesons to study medium ir

O X. measurement challenging in AA
U Complementary to J/W, W(2S) to understand the charmonia
suppression/regeneration pattern
0 Only LHCb can measure X, = |/W+) at forward y (down to low pr)
Q) Interesting new channel X. =2 J/W+p*u- requires large stat (LHCb, ALICE)
- 5 fb-1in pp ~ 100 nb-' Pb-Pb

arXiv:1902.10229

§0.16 — — T T ]
<) = . ] .
=50.14 '_+' LHCb projection =
< b PPb 5y = 8.8 TeV forward, 250 nb! £
= C 2<p_<3 GeV/e, 1.5<y <3.5, inclusive n Correlation of fully reconstructed
Ja) - 3 T :
S 0.1¢ =5 ). Aichelin et al., pPb: ] HF hadrons only p055|ble. in LHCb in
o 008 F 2<p <3 GeV/c, 1.5<y <3.5 ] the forward region
= A 3<p,<12 GeV/c,20<y <4.0 2
0.06 = :
T+ ﬁ
0.04 F =
o ]
0 3
A9 i5




Rare decays: very rare B, 2/*

< Helicity suppression

meson Lepton type
type e 7 T
B  (2.48 +£0.21)107'° (1.06 + 0.09)10~'Y (2.22 4+ 0.19)10°®
Bg (8.54 +0.55)10~1* (3.65 +0.23)107Y (7.73 4+ 0.49)10°7

From M.Bona, Ref. Bobeth et al., PRL 112 (2104) 101801

Cabibbo suppressio>

» Branching fr. (SM pred. by |V|) » Effective lifetime

/\ N
T

C')_| L Y I L L R L B B L L B B B NN L LB B N e T T T T T T T T T %700_ .
o |+ sm i r U 1 {> —+— weighted toy (B)
A 06 — ATLAS 1o 8__ LHCh 7] Eeoo:
= CMS 1o | r CMS Phase-2
LHCb 1 I ] H Simulation Prelimi
v ’ or T — Blfivelfeime . | 5% saten Prelminary
T 0.4f =1 [ 1 400
o_ T - 4 L
an) - 300F
m i C
I 200F
0.2 — 2- E
- i 100
0 :
: LHCb, PRL118’ 191801 (2017) : 0-1 I 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 : : : : ! : : : : : : : 2 4 6 8 10 12
0.0 5 3 4 5 6 0 5 10 t [ps]

0 - -9
J.Martin Camalich B(Bs — ut ) [107] P.Alvarez Cartelle




Rare Decays: FCNC EWP b->sl|

T

s

e Angular analysis =

1 7/\?’<

P.Alvarez Cartelle

u

e LHCb data o ATLAS data y +
- 440K BOSKO R
A SM from ASZB ]
of ]
L —— | ]
- | ] T ]
~0.51- ! i = ’ f@
_1__ N N N 1 N N N " 1 L N " " 1 L L L __
0 5 10 15
q* [GeV?/c4]
[LHCb-PUB-2018-009]
1.00 5 2B
@) - ——SMm : .
0.75F o oL . § 3
SM oY, a scenario ll i :
0.50 |- < e scenario | g E
' CNP =—-14 e L ]
0.25 - NP __ NP _ C =
0.00 0.5F i =
-0.25 3 S '- ------ E
~0.50 F _0.5F ; 3
[ e 30 RUn-3 ' ]
~0.75 - \ -1F >
. N - I 30 Upgrade II ]
_1.00 l | | | | | | _1.5_ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1
0 2 4 6 8 10 12 -3 -2 -1 0 1
qZ [GCVZ] 10, ARCCQ 17



Rare Decays: FCNC EWP b->sl|

P.Alvarez Cartelle

A

b %
: v/Z
e Event yield prospects \<
[Upgrade Il physic ut
- 46k B*=>K*ete" Yield Run I result 9fb ' 23fb 1 50fb 1 300fb !
Bt — Ktete™ 254 + 29 [274] 1120 3300 7500 46 000
BY— K*ete 111 + 14 [275] 490 1400 3300 T 20000
BY— gete~ - 80 230 530 3300
A8—> pKeTe - 120 360 820 5000
Bt — ntete™ — 20 70 150 900
Rx precision Run 1 result 9fb~! 23fb~! 50fb~1 300fb~!
Rk 0.745 4+ 0.090 £+ 0.036 [274]  0.043 0.025 0.017 0.007
R0 0.69 £0.11 £0.05 [275]  0.052 0.031 0.020 0.008
Ry - 0.130 0.076 0.050 0.020
R,k - 0.105 0.061 0.041 0.016
R, - 0.302 0.176 0.117 0.047
L] L] L] L] I L] L} I L] T L]
LHCb Upgrade II @ Ry 11.6]
CNP 2 - Rellg
—— R, 116]
LHCb Upgrade II -
Cy'F =-CoNF -
B = 0.7 —
LHCDb Upgrade II T
=Cly=0.3 -
LHCb Upgrade II -
Cy=-C, =03 -
LHCb Run 1
L L L I L L L I L L L I L L L
04 0.6 0.8 1 1.2

pr 2019 - Upgrade II workshop - Niels Tuning 18



J.Fuentes Martin

Rare Decays: FCNC EWP b->sl|

The general approach

4 A
e cET Simplified Uv
Models completions
- v
Faroughi @ CKM18
y [Aebischer et al., 1903.10434]
b — st \ ool Model Rk+) | Rp) || Rkt+) & Rps)
e H-H-l-\feFS-a-l-l-t—y i L
w ] S1=(3,1)_13 | * v X
R2 = (3, 2)7/6 X v X
Re=(32ys | X X X
, S3=(3,3)_1;3 v X X
7 Ui = (3, 1)2/3 v v v
~1.0 ML i
- ,Rf,f?l 30 pre Moriond Us = (3, 3)2/3 v X X
k >4o0 J | "”1""“1 1o, zf . . Angelescu, Becirevic, DAF, Sumensari [1808.08179]
fAL —1.5 —-1.0 Aczl)g‘i 0.0 0.5

New Ry measurement by LHCb
and Ry. by Belle

10 Apr 2019 - Upgrade II workshop - Niels Tuning 19



J.Fuentes Martin

A NP hint to the SM flavor puzzie?

The SM Yukawa sector

... whose values do not look at all accidental

Mu,d,e ~ VCKM ~

10 Apr 2019 - Upgrade II workshop - Niels Tuning 20



Remember Tuesday meeting 17 Feb 2009 ?

LHCb Tuesday Meeting
Y“ Y) Tuesday 17 Feb 2009, 14:00 — 18:00 Europe/Zurich

Q 160-1-009 (CERN)

&2 Andreas Schopper, Andrey Golutvin

Description Meeting Access Information:
- Meeting URL : Click here
- Phone Bridge
see e-mail to the lhcb-general

M—v 1415 News

Speaker: Andreas Schopper

m — 15:.00 The Problem Of Flavor
Speaker: Edward Witten

Slides

10 Apr 2ulY - upgraae 11 Workshop - Niels luning 21



“The picture is a little like this" ?

The picture is a little like this:

matter
fields
on curves

—_—
SU(5) ... on a four-

dimensional slice

22



“The picture is a little like this”

In this approach, the ordinary Higgs field is
a wavefunction on K, as are the quark and The picture iS a I|tt

lepton fields

—~

.
’
.

Higgs

e e o

P e

Quark and lepton masses and the CKM
matrix are determined by the overlaps of
these wavefunctions.

o ey

AN e e <
A y )
. X A - :

O

Higgs fields and quarks and leptons are
supported on the three curves, and the
Yukawa couplings that gives masses to
down quarks and charged leptons come
from the intersection drawn. (Up quark

masses come from a similar intersection.)

R Y

ol

In the leading approximation, only one e rizas

particle of each type (i.e. the third f
generation particles — top, bottom, tau) get % BlaCK Maglc

masses. The others have wavefunctions
that vanish at the intersection point.

) r‘-‘r‘«‘vu‘c‘ “1’0 44

)

E. Witten, Tue meeting 17 Feb 2009, https://indico.cern.ch/event/51958/

Vafa&Heckman, “From F-Theory GUT’s to the LHC" arXiv:0809.3452




J.Fuentes Martin

A NP hint to the SM flavor puzzle?

The SM Yukawa sector is characterized by 13 parameters
[3 lepton masses + 6 quark masses + 3+1 CKM parameters]

... whose values do not look at all accidental

Vokwm ~ l

v/ The flavor anomalies seem to suggest a similar trend: large
, gradually smaller effects in the light generations

M de ™

u,

93 £5

LQ

4> f32 24



J.Fuentes Martin

The U, leptoquark solution

8u L /=i R /3
Z5 N Ut |BL @D = B (e | +h e
L __
T
Flavor L_lo gL L _lo o o By, ~ O(1)
structure' b= ST Pr = L AL
L gL 0 0 Bk LB, ~ 0(0.1)
\0 P :‘ﬁbr,j bt g
\ L pL
el . L L ~ 0(0.01)
: w P
. CVL CSR
v
IREEN
[9,_\ . [‘“z, by Nt S lvum "Cup\)
U ~ = , . .
’ Y b — st R(D"7) I Uy
5/, 2 0
T A
ACS‘ = — AC{‘O ACS’”’

(*) N.B.: Deviations from this structure highéy

[Crivellin et al., 1807.02068] constrained by low-energy flavor data 2



Low-energy fit results

e U, leptoquark projections:

e U, leptoquark predictions:

0lp——— T ]
F v
: SM an, &
UUj i% b
< r R J vmbined ]
n —0.2F f | -
R \ ) ]
~ [ / ]
< —03p o . -
—0.4F 1
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G 1 N N I B
—-0.2 0.0 0.2 0.4 0.6
ARp

R

K(*) VS.A RD(*) |

B(B, — 77) - 10°
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Physics with ECAL

R
S LHCb
% 100 —— Data
> — Total fit
N OB TINTI 1§ Total R, =1
Z BT e B*— K'ete
§ B Part. Reco.
s BB > J yEee )kt
'—g Combinatorial
)

‘0
‘¢
-
®

e LTt
R

76000
Tete) [MeV/c?]

Partially reconstructed
background m

When bremsstrahlung photons are added.

non trivial signal shape
from simulation 12
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Physics with ECAL
Wishlist

Important to keep a light detector and to be able to reconstructed the bremsstrahlung photons.
Could we improve/rethink the identification of bremsstrahlung photons using “timing” ?
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Physics with ECAL

e Reconstruct photons

e Electrons that lost most of their energy

- Magnet chambers?!

- Improve upstream tracks by adding SciFi hit?!

- Use photon as tag to identify electron

0 | | With magnet stations

: L,’:MI”J;‘»"

‘ » A .

{ nagnet S | B
| 7 e

| t“

UT [/ et
g L&]E track

——— —
- —
—
A

—

MAGNET STATION

SciFi TDR

8 1z (m)l“ With SciFi
VELO ' |

L

upstream track s ® |
||||||||v(m(
—H_\

VELO track

T stations

T track

long track

downstream track

Idea from Patrick Koppenburg
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Rare decays: b->sll

*
0.5 b i 4 ]
§ 0.0 =*
-0s | [arXiv:1612.05014] -
“1O0T mm sM from DHMV ]
1 NP Example
_15 " " L M 1 " L L M 1 L N M " 1 N N M :
0 5 10 15 20

¢* [GeV?/c?]

Qi:Pf,;“_Pie
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Outline

e CP violation in Charm
- CPV in mixing: Yepr Ar
- CPV in decay: AAqp
e CP violation in Beauty
- Time dependent: sin2B3, ¢,

— Time integrated: vy

10 Apr 2019 - Upgrade II workshop - Niels Tuning 31



Charm

Mixi ( ) x=Am/T y' = ycosd — xsind
e Mixing: X,y (ory .
J ' P y=AI'/2T ' = xcosd+ysind
_Ters _T(Dy) ~T(D-)
ycp = T Yyop = T(D,) +T(D.)
vor = goueo (g1 +2]) = Fme (7] 2]
2 D q 2 P q
_ I'pokg+k- T po_k+K- 1
CPV in mixi /p, ®, A e ) )
® IN MIXING.
9 UP, s Ar Ao = TDO— kK-~ PO gt i
= oT
difference of decay widths affected implies |g/p|#1, ie. CPV in mixing
| M ,2) = p|M°) + ¢| M)
ban & = (1 _ 'QD T __asLT
i)y 2y

e CPV in decay: AA-p

AAcp = Acp(KTK™) — Acp(ntn ) = A(KTK™) — A(rT77)

See e.g.: A.Kagan and M.Sokoloff, 10 Apr 2019 - Upgrade II workshop - Niels Tuning 32
On Indirect CP Violation and Implications for D°—D% and B,—B, mixing , arXiv:0907.3917



Charm mixing

DO -> K (WS)
DO -> Krmmr (WS)

Effective lifetime asymmetry

Observables

CPV in mixing  lg/p
Mixing phase YD

#diffraction T

Ar

Effective lifetime
ycp

*if ja/pl=1, then more complex

#absorption Y

Amsterdam Workshop -+ April @ 2019 - 2% 3



ent@
e Loads
ent
peve'©? Partially reconstructed signals
9 109:5 T T \\ E — ~ . .
O of ] N 100 | LHCb Simulation
>~ 10 E I - .
7‘% ] A (circa 2032)
10" E E S 10 "fra,
C . E |
106E - DO_> K+ﬂ;— _§ - E. ® 0 0 0 o : = ’ (| " g
5 i () 1= : “fgsee,
10 E ‘? E ; A N . ) g m g :
10455 E oy 10'¢ Y
10°E LHCb ] F * BEAUTY L
- ¢ CHARM A
102 - .
10°F Bellell =« STRANGE Pty T T
IOE 3 103 (T > 0.2 ps)
T R RN
2020 2025 2030 2035 ot (GeVio
Belle II Physics Book V.Gligorov, TUPiFP, Durham, 2 Apr 2019
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CP violation in mixing charm: g/p

. >, 00T I HFLAV  [cpvatowed
e DO mesons mix o | S [PV atowe
it 1
— Although they decay quicklyos 08
0.0075— 0.6;*
0.006F 0.4
r 0.2[-
0.005F :
: W
g 02 J&
0.003;— _0_4; 30
D00l o e e o b0 06 -04-02 0" 02 04 06 08 1 12
- L] - - - & x(%)
e Nailing down CPV in mixing: X
o: 30: ¢ [ \ ‘ \ ‘ \ ‘ ‘ T ]
< b 0.2| | HFLAV World Average 2017 il
2o | I LHCb 300/fb )
10[- 0.1 -
L 7 o |
—10:— -0.1 _|
2o ~0.2 =
— s 1 s ‘ Il ‘ Il ‘ Il I Il
B A N FPUE FEUET RSP P 085 09 095 1 105 1.1

la/p|
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CP violation in decaying charm: AA.p

* Natural expectations in the SM:
= Agp ~ O(reem <AU=0, I=05/<AU=2, I=2> s5ind) ~ reem

- AACP ~ 2 Peem ™ 0.13 % Brod, Kagan & Zupan '11
Franco, Mishima & L.S. 12
4th Workshop on LHCb Upgrade 11 Luca Silvestrini 5

Amsterdam, 8-10 April 2019

* LHCb obtained a fantastic observation of
AA_ in the ballpark of the SM expectation

* Not yet clear which theory approach can do
best; most promising ones imho:

— assume FSI dominance + dynamical info on
rescattering

- assume SU(3) + hierarchy in SU(3)-breaking

— get some dynamical info from LQCD

10 Apr 2019 - Upgrade II workshop - Niels Tuning
L. Silvestrini
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To be(yond the SM) or not to be(yond the SM)

From A. Di Canto. Durham, 2-4 Apr 2019,
Towards the Ultimate Precision in Flavour Physics

Alexander Lenz ‘ Yuval Grossman
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Charm Outlook
. Sample (£) Tag  Yield K"K~ o(Ap)+,- Yieldn'n  o(Ap) + -
EXP ) INPUTS ’ 60M 0.01I;%K 18M 0.024%

Run 1-2 (9 fb ) Prompt

Run 1-3 (23 fb_l) Prompt 310M 0.0056% 92M 0.0104 %
D—)KTI' Run 14 (50 fb~")  Prompt 793M 0.0035% 236M 0.0065 %
/ Run 1-5 (300 fb~')  Prompt 5.3G 0.0014% 1.6G 0.0025 %
AI‘ Sample (£) Yield (x10°)  0(@krnn)  0Winns)  ola/pl) o (9)
Run 1-2(9fb™ 1) 0.22 23x 107" 23x10% 0020 1.2°
D—=K Run 1-3 (23fb™ ) 1.29 09x107" 09x107" 0008 05°
S / Run 1-4 (50fb ™) 3.36 0.6x107 06x107" 0005 0.3°
D K Run 1-5 (300 fb™ 1) 225 02x107* 02x107* 0002 0.1°
% “ﬂﬂ Yields taken rrom HL-LHC WG4 arXiv:1812.0/638

®1,=arg(l 1./ Mp)=-8y, 0:=0=arg(q/p)

Probability density
Probability density

..0.

) — - -8 o : : 4
O
L. Silvestrini Dy, [']




Outline

e CP violation in Beauty
- Time dependent: sin2B, ¢,

— Time integrated: vy
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CP violation in beauty: Time dependent (@, B)

e New physics in the box diagram?

Pm

mixing

“Mixing” phase??

Drne =Py — 1

CP violation in mixing and decay (B.°>J/w®): ¢S = ¢M - ¢CCS

CP violation in mixing (semi-leptonic):
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CP violation in beauty: Time dependent (@, B)

e New physics in the box diagram?
/ Pm Pecs : \
S b J/
¢ b ¢
B’A W W QB 4 BY
t S S
¢
S
K mixing + decay /

Ps

10 Apr 2019 - Upgrade II workshop - Niels Tuning
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CP violation in beauty: Time dependent (@, B)

e New physics in the box diagram?

4 ° i
s b T/ ) ,,-<% Tt
t b c b - C
BYA W W AB) 4 B! + B
t s s s s
¢ ¢
S S
K mixing + decay + penguin-"pollution” /
) \ J
| |
Ps A,
A)ly? = 0.000750% (stat) 5005 (syst) rad
Ag7P? = 0.0019 919 (stat) 0.008 (syst) rad
J .
- Dordel & L Zhang A¢!Y? = 0.003+5519 (stat) £0.008 (syst) rad

[JHEP 11 (2015) 082]




CP violation

in beauty: Time dependent (¢, B)

AT [ps ]

(left) BY — Jfp ¢ or (right) BY — Jhy K2

X
=)
14

-0.4 -0.2

-0.

0

@s = —0.054 + 0.021 rad
AT, = 0.0762 4+ 0.0034 ps~*

=
E)
N 1001
i@f
ﬁb 10+

LHCb-PUB-2018-009, arXiv:1808.08865,
Physics case for an LHCb Upgrade 11

1000

1_

0.1

® X 4 + X

F. Dordei & L. Zhang
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. ) F E
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X © 1 :
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M e = : -
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[ ] v p:3 . )4 1_3 \ ]
X v % 1 :
By = $(29)¢ * x X 3 | 3
B? — D; D} y ’ ! -
BY — J/$K* K~ high mass U s : b -
B — J/yrm ’ ! |V |/| -
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CP violation in beauty: Time dependent

Tagging

e Great improvement

o Suffers from multiplicity
e TORCH will help

Plot from S. Akar

A published
O preliminar
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CP violation in beauty: Time integrated (y)

Candidates / ( 10 MeV/c?)

800
600

400

200}

LHCb, PLB 777 (2018) 16
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CP violation in beauty: Time integrated (y)

] C - T T ]

Ll) . [ B; decays LHCb : g

tate of art o T osf. s EaaEls

L M B* decays 17

I Combination i 2

.. . . . . 06 4 <

o Strategy similar to previous combinations: frequentist treatment. : 1

: 17

o This combination includes new and updated measurements. 041~ ¢c 30, 10

: i z

B decay D decay Method Ref. Dataset' Status since last com- 02 N 10O

bination [3] [955% .. 48 N 1 &
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. . 1 > X 5 o A > 9
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= R . .. . .
Most precise determination of y from a single experiment to date.

5
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LHCb-PUB-2018-009, arXiv:1808.08865, Physics case for an LHCb Upgrade II

a( []

o

=
—

CP violation in beauty: Time integrated (y)

y from ADS/GLW

LHCbH

v ALS GO aaly

B* - DK* . Y
v B* 5 DK
¥ B DK*

B" = DK™

5 23 50 300

Integrated Luminosity [fb~)

o(¥) []

100

10

y from multibody

B = DK™,

LHCH .
D— Kxnx

o 23 50 S0u
Integrated Luminosity [fb )

0.1

y from GGSZ
x LHCb
B* - DK* GGSZ
x * +
X
X
% With v/N improvement
+  With current CLEO ¢;, s;
5 23 50 300

Integrated Luminosity [fb~!]

o Belle-II targets a precision of 1.5° at the end of data-taking (2025)

F. Dordei & L. Zhang
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CP violation in beauty: Time integrate|

y from multibody

y from ADS/GLW

_ 100 — 100 _ 104
e & — HCb _ B* o DK*, e
= o G — D= Kxnx = 5
E ’ ADS \GLIN aaly E \6/ e
10 v 10
S, . 1
B - U}\‘ x s b 4 l
1« Bk :
v B* 5 DK* :
Bl' - Dh.-:
= —— - M P o 0.1
5 23 50 300 o 23 50 300
Integrated Luminosity :t'h": Integrated Luminosity [fb |

o Belle-II targets a precision of 1.5° at the end of data-taking (2025)

LHCb-PUB-2018-009, arXiv:1808.08865, Physics case for an LHCb Upgrade II
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CP violation in beauty: Time integrated (y)

-

by LHCb: ~ = (74.072:9)°

o

o & Belle II): precision < 1° expected!

~

W

lattice QCD
o Fermilab Lattice/MILC

€ =1.206 £ 0.019 > ~ = (63.0 +2.1)°

o RBC/UKQCD

¢ =1.1853 4+ 0.0054 70018 > v = (60.7 £ 1.5)°

QCD sum rules

o £=1.2014100965 > o — (62.5+0.9)°

v

2 _ fstéBs _ Vig 2 Amsﬂ
fgég Vis| Amy mp,
e 04 Comparison to literature
mm
<8
28 0317y
© ~J .
g3 - sin 23 Bl o
l'_U — 02- e
o g AM, —
Z© °
0.1} AM; o
0'%.0 0.2 0.4 0.6 0.8 1.0 e
f_) J. Tobias Tsang, Durham, Apr 2019
@ tension currently at the 20 level
@ may become significant with improved experimental precision in Tuning 49
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PI

Summary

e Precision measurements to scrutinize the Standard Model
e Precision measurements only way to reach very high mass scales
e Precision measurements are not yet precise enough

A , : : _ 1.0
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Backup
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Recommendations (physics)

)

LHCb-INT-2019-011
April 5, 2019

Magnet side stations
- Improvement of mass resolution?
- Track efficiency and computing time?

- Check Geant parameters for low-p

TORCH

Recommendations from Upgrade Ib

Review

J. Albrecht!, F. Blanc?, M. Charles®, C. Fitzpatrick?, M. Needham®, C. Parkes*S,
G. Passaleva®7, P. Perret®, E. Thomas?, U. Uwer?, V. Vagnoni'®, D. Websdale!!,

G. Wilkinson'?

- Physics study with degraded performance
— Effect on channels that do not use TORCH

Mighty tracker
- Re-evaluate target occupancy (2% ?)

- Optimal z spacing?

- Develop more realistic detector description, inc services

MUON shielding

- Efficiency for high-impact physics channels

— Faster electronics to counter deadtime
- Loss in physics when removing HCAL
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Still on the shelf!

Biy?HH v v X
P’ v X X
Ry v v X
Ryx v X X
R, pk, Knn, n X X X
Rp X X X
Rp+ v X X

Disclaimer: not a complete list; e.g. searches not included
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Progress

e PBO
Amd Sin2B
Amy [ps] sin2f3
0.52 0.95 -
0.51 T T T T i_H 0.9 4
- -

ML LE

_ 0.8 -
04 + 0.75 [ 7
0-48 T8 0.7 T T | -
0.47 1 0.65 T i i i i
0.46 ; . . . 0.6 : : . .
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
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Progress

P 0
BO, X
ms TBs
Amg [ps] T(BY%) [ps]
17.9 — 1.54
17.85 1-152 T T @ @ @
17.8 3 1.48 T T 1
17.75 ** 1 ¢ + ¢ 1.46 I i
1.44
17.7
* 1.42
17.65 L4 11
17.6 T T — T 1 1-38 T T T 1
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Al /T
S S
04 AFS/FS
0.35
0.3
0.25
0.2 il
0.15 v -
T | T ® & ¢
0.1 E—
0.05 i 1
0 T T T 1
2000 2005 2010 2015 2020

10 Apr 2019 - Upgrade II workshop - Niels Tuning

55



CP violation in kaons

Observation of direct CP violation in K — &

(£'/€)exp = (16.6 £ 2.3) - 101 |

@ reliable SM prediction difficult due to large cancellation between QCD
and EW penguin contributions

@ recent progress by lattice QCD
supported by dual QCD methods

@ current SM prediction
(e'/e)sm = (1.9 +4.5) - 104

> New Physics in £’ /e? Where else could we see it?
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HL-LHC documents
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The need for more precision

Imagine if Fitch and Cronin had stopped at the 1% level,
how much physics would have been missed”

— A.Soni

. “A special search at Dubna was carried out by Okonov and
his group. They did not find a single K °>n*n™ event
among 600 decays into charged particles (Anikira et al.,
JETP 1962). At that stage the search was terminated by
the administration of the lab. The group was unlucky.”

— L.Okun

(remember: B(K °—>mn*n™) ~ 2 1073)

ICHEP 2016 -- I. Shipsey




Intermezzo: Effective couplings

e Historical example

e Both are correct, depending on the energy scale you consider
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Intermezzo: Effective couplings

e Historical example
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e Analog: Flavour-changing neutral current
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Intermezzo: Effective couplings

o Effective coupling can be of various “kinds”

— Vector coupling: Cq Gp

- Axial coupling: Cio eft V2 CKM EZ: i(1) Qi
4376
—_ LEft-handed COUpllng (V'A): Cg'clo &F\eische(,he - \’\/970

- Right-handed (to quarks): GCg’, Cio, -

S S
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CP violation in beauty: A,

e Is there CP violation in mixing in B, system?

- g, p “quantify” CP eigenstates ‘BH>=p‘BO>—q‘BO>
—0 0 0 —0
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CP violation in beauty: A,

68% C.L.c

HFLAV
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LHCb = more than flavour

pdfs, jets, heavy-ion, EW, exotic states...
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