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Petition to abolish summary talks

Ign the Petitiol

Help make the difference

* Don’t be shy > pass by the secretariat before leaving

* All together we can stop the shameful abuse of
summary speakers!



Standard disclaimer...

* Obviously it is impossible to give in 45
minutes (hopefully) a full summary of a
week of talks = focusing on highlights

* Nevertheless, ended up with ~110 slides...

—Several slides have been moved to the
extended material after the conclusions

* |f your topic of interest is not even there,
then it’s my fault, my bias, lack of time, or
simply... | didn’t understand. Sorry!



Setting the scene

 We know nowadays that the Standard Model (of

particle physics) works beautifully up to an energy scale
of a few hundred GeV

* However, there are compelling reason to state that it is
incomplete, e.g.

— Missing dark matter candidate

— CP violation for dynamical generation of the BAU is largely
insufficient

* As well as more fundamental reasons, such as
— Why three families of quarks and leptons?

— Why the masses of fundamental particles span several orders
of magnitude?

— How to accommodate gravity into the global quantum
picture?



Setting the scene
Standard Model (of

particle physics)

THERE USED TO BE A JOKE THAT
IN COSMOLOGY A FACTOR OF 100
WAS "PRECISION” COSMOLOGY.




Strumia dixit: we are lost in space-time

We understand why we do not understand flavour.
LHC told us that the Higgs is not what most theorists expected.

Abandoning prejudices can lead to new ideas, e.g. fundamental composite H.
Maybe new ideas for flavour? Or new physics needed to make progress.

Rig? Rp? Data please.

A. Strumia



Flavour physics in a nutshell

e Classic broad-range measurements
— CKM physics and rare decays

e Measurements in specific sectors where
anomalies are emerging in recent years

— Lepton-flavour universality in b—>s€*€~ transitions, and
related b—>s€*€- picture of decay rates

— Lepton-flavour universality in semileptonic b-hadron decays

* Heavy flavour production, spectroscopy and
properties

— While primarily looking for BSM physics, flavour physics is
also a unique laboratory to better understand QCD in the
low-energy regime



Searching on

all Fronts

— nicely reflected in the program of this conference!

Observables Rp, Rp+
SM tree level, CKM
favored
LFU violation Tvs.e/n
T reconstruction
C ¢ difficult, oldest
aveaia experiment (BaBar)
shows largest effect
Benefits Solid theory

RK/ RK"’
angular distributions
one-loop FCNC,
GIM suppressed

Hvs. e

electron reconstruction

difficult at LHC), so far
no confirmation by
another experiment

Solid theory for Rk,
some caveats for Ps’
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Coeff. best fit lo 20 pull
(940 -1.21 [-1.41, —1.00] [-1.61, —0.77)  5.20
Cy +0.19 [-0.01, +0.40] [-0.22, +0.60)  0.90
cir +0.79 [+0.55, +1.05) [+0.32, +1.31] 340
Ch -0.10 [-0.26, 40.07] [-0.42, 40.24]  0.60
G =cif —0.30 [-0.50, —0.08)] [-0.69, +0.18]  1.3¢
CY? = _CI} —0.67 [-0.83, —0.52] [-0.99, —0.38]  4.80
Cy=Clho +0.06 [-0.18, 40.30] [-0.42, 40.55] 030
Co=-Cly +0.08 [-0.02, 40.18] [-0.12, 40.28])  0.80
ch®, c¥f (—1.15, 4+0.26) — — 5.00
CyP, C} (—1.25, +0.59) — — 5.30
Cci®, ¢y (—1.34, —0.39) — — 5.40
GOF (40.25, +0.83) — — 3.20
% Clo (40.23, 4+0.04) — — 0.50
Cciy, Cly (40.79, —0.05) — — 3.00




Matthias dixit: don’t get too excited!
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And in fact we are not too excited...

o Studies of CP violation are an important part of the flavour program
- Determining precisely SM inputs (CKM parameters)

- Search for new physics through sensitivity for new CP violating phases

e Non-leptonic B decays are key players

- Large data sets from B-factories and LHCb-run |, many observables
- Already impressive experimental uncertainties

o Foresee unprecedented precision for LHCb upgrade and Belle |l

@Ilenges theorists to keepD K. Vos




Still a lot to do with CP violation
(here in beauty)

e Extraction of v from B — DK is theoretically clean

- Impressive 1° precision in the upgrade era expected

- Will play an increasingly important role as input parameter

e Penguin polution in ¢s determinations under control

o Penguin dominated B — KK offers additional probe of ¢,
- Requires analyses of B? — K~ ("t

e B — mK decays remain puzzling — good prospects
- Improved CP asymmetries in By — 7m°Ks needed

- Crucial to distinguish New Physics from QCD effects

o [hree-body decays still offer many interesting avenues to explore

- Study QCDF in B = D—ntn®
K. Vos 12



CP violation in beauty



Tree-level determination of y

» Angle « is the /east well known CKM constraint (although now only just)

» SM benchmark - only CKM angle accessible at tree level .
M. Kenzie

Current Status
Direct: v = (73.57%3)° Indirect: v = (65.373%)° Pre-LHCb: vy = (73753)°
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Many different ways, all very important

. - . =) :
Categorise decays sensitive to v depending on the D° — f final state
Optimal sensitivity is only acheived when combining them all together

» GLW
» CP eigenstatese.g. D - KK, D — nr e /7 D K \
> [Phys. Lett. B253 (1991) 483]
> [Phys. Lett. B265 (1991) 172] K
» ADS 6 D

» CF or DCS decayse.g. D — K«

> [Phys. Rev. D63 (2001) 036005] \"D K /

» [Phys. Rev. Lett. 78 (1997) 3257]
» GGSZ

» 3-body final states e.g. D — K27
> [Phys. Rev. D68 (2003) 054018]

» TD (Time-dependent)

> Interference between mixing and decay e.g. B — D K+ [ phase is (7 — 253s)]
» Penguin free measurement of ¢s?

» Dalitz

» Look at 3-body B decays with D° or D° in the final state, e.g. B® —+ D°K+n—

» [Phys. Rev. D79 (2009) 051301] M. Kenzie



One recent example

[LHCb-PAPER-2018-017]

» NEW LHCb paper with Run 2 data

» Consider both D — K277 and
D — KSKK decays

» Divide up the Dalitz space into 2N
symmetric bins chosen to optimise t
sensitivity to ~y 0.5t

m? [GeViict)
IBin number
w

- J
|Bin number

4a h [« ) -J

1.5

E ; e
2 1 L1121314151.61.718
m? [GeV3ied] m? [GeVied]

Decay amplitude is a superposition of supressed and favoured contributions J

Ag(m”, m3) < Ap(m”, m>) + rBe"(sB-”)Aﬁ(m?'_, m?)

Expected number of BT (B~) events in bin i > X+ + iys = rge’®sE)

Ni; = hg+ [F:Fi + (X2 + yP)Fsi + 28/ FiF_i(x4Cxi — Y4 5+i)

Nj_:,- = hB— [Fii + (XE +y3)]F:F, -+ 2\/ FiF—i(X—C:ti —)’—Sii)

» NI, - events in each bin » ¢, s; - from CLEO-c (QC D°D°) measurements

» Fij-from B— D**uFv,X  » hgt - overall normalisation M. Kenzie



One recent example o

[LHCb-PAPER-2018-017]

» Perform CP-fit to determine x4+ and y+
» Combine with Run 1 analysis to determine v = (807%’)°

+
m . 1 B v | | T Q 0.2 T T I
0.1 LHCb ' i e L[] 2015416
‘ Preliminary ' B > 0 I—E LHCb Combination

0.1

0

1
g 2

" ‘ nola 65%, ¥3% :, (efc)) ‘ l
<\ 0.1 0 0.1 0.2
X (DK)

I

* Most precise determination of y from a single channel!
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Overall status with vy

LHCb Average - [LHCb-CONF-2018-002] World Average (HFLAV) - [Spring update]

= (TA.0E . )

== — 7
o — e LHCb -
— o8k I B’ decays Preliminary
- [ B decays
- Il Combination

06

04}

llllllll

Indirect constraints are: v = (65.37,2)° (~ 20)
Comparison between B? and B" initial states ~ 20

Don’t get excited either, but keep an eye...
M. Kenzie 1



@, from b->ccs transitions

50 Dec " * Golden mode B, J/w¢ proceeds
y (mostly) via a b—>cCs tree diagram

c‘)mx . —%dc * Interference between B, mixing

S
] W ., and decay graphs T/
: ;
B || uct u’c’tj B0 BOO W
bW s :
d

* Measures the phase-difference ¢, between the two
diagrams, precisely predicted from global CKM fits in the
SM to be ¢.= —24%?1n=—37.4+ 0.7 mrad = can be altered

by new physics

— But also affected by small pollution of sub-leading SM
amplitudes that must be taken under control via subsidiary

measurements G. Cowan
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@, from b->ccs transitions .

. mzm | * Dominant contributions by
DO 8 fb
ssx oo | | HCh, ATLAS and CMS
(Alog £ = 1.15)
CMS 19.7 fb-! e Latest HFLAV world
. CDF 9.6 fb dverage
. — ¢.=—21+31 mrad
ot \\ L] L] [ ]
LHCb 3 71 e Still compatible with the
~1 /
ATLAS 19.2 fb / SM at the present level of
/ [ ] L]
0.4 0.2 0.0 0.2 04 pr‘eC|S|0n
¢ rad|

Exp. Mode Dataset Pes AT, (ps71) Ref.
CDF  Jhp¢ 9.6fb~7 [-0.60, +0.12], 68% CL +0.068 +0.026 +0.009  [2]
DO Jh 8.0fb~! —0.5519:38 +0.163+0:0¢8 3]
ATLAS JRpo 49fb~! 40.1240.2540.05 +0.053 £ 0.021 + 0.010 4]
ATLAS Jpp¢ 14.3fb™" —0.110+£0.082 +£0.042 +0.101 £ 0.013 £ 0.007 5]
ATLAS  above 2 combined —0.090 +0.078 +0.041  +0.085 +0.011 4+ 0.007  [5]
CMS  Jhp¢ 19.7fb™  —0.07540.097 +0.031  +0.095 + 0.013 £ 0.007  [6]
LHCb JaK*K~ 3.0fb™" —0.058+0.049 +0.006 +0.0805 + 0.0091 +0.0032 [7]
LHCb  Japmtz~  3.0fb™' +0.070 +0.068 +0.008 — (8]
LHCb JAK*K— 3.0fb™" +0.11940.1074+0.034 +0.066 +0.018 +0.010  [9]
LHCb above 3 combined +0.001 =+ 0.037(tot) +0.0813 + 0.0073 + 0.0036 [9]
LHCb  %(2S)¢ 3.0fb~! +0.23732 +0.02 +0.0661343 £ 0.007 10]
LHCb DID; 3.0fb™" 40.02 4+ 0.17 & 0.02 - [11]
All combined —0.021 + 0.031 +0.085 4 0.006

*m(K+*K~) > 1.05 GeV/c2.
See HFLAV page for the list of references

https://hflav.web.cern.ch G. Cowan



Weighted candidates / ( 1 ps )

Weighted candidates / ( 34 MeV/c?

Weighted candidates / ( 0.45 rad )

2 4

+ 2 dimensions not shown

G. Cowan

6
@ [rad]
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Weighted candidates / ( 0.125 )
2 g

L

LHCb

0.5

1
cos(6))

[JHEP 03 (2018) 140]

| Parameter |

Value

1600

‘ -0.10 £0.13 +0.14
1Al 1.035 =+ 0.034 £ 0.089
& ector ector
Frv: 0,067 40,004 + 0,024
¥V 0.208 = 0.032 + 0.046 |
; : ; y
5"‘) | [rad] | 2.40 +0.11 +0.33
5&’" [rad] | 2.62 +0.26 +0.64
Scalar/Vector (SV and VS)
Fild 0.329 + 0.015 + 0.071
F aded 0.133 £ 0.013 £ 0.065
&5V [rad] | —1.31 £0.10 £0.35
6VS [rad] 1.86 +0.11 +0.41
Scalar/Scalar (SS)

72 0.225 + 0.010 =+ 0.069
655 [rad] 1.07 +£0.10 £0.40
Scalar/Tensor (ST and TS)

2% 0.014 £ 0.006 =+ 0.031

b i 0.025 + 0.007 + 0.033
65T [rad] | —2.3 +04 =17
675 [rad] | —0.10 £0.26 +0.82

Systematic uncertainty dominated by modelling the angular efficiency from simulation

First CPV
results

Small
longitudinal
VV fraction

+ other results for fractions/phases
of other Q2B amplitudes

21



[

Candidates / ( 5MeV/c?)

(o]

Candidates / ( 5MeV/c2?)
LI I LI

~29k B® - mtn™ CP violation in BO(S)9h+h‘

signal decays

- 8 8§ § 8

-

Soo; LHCb > 0.5 -
- Preliminary] 2 04ELHCb 2
Ooes | £ 03 Prefiminary : LHCb-PAPER-2018-006
SRR ;
B-K *x- 0OF -
[l 3-B0dy vig| j)’; Coir- = —0.34 £0.06 +0.01,
, Comb. bkg. _0;_ 0sS tagger _0-_3 SS tagger S'_.-ﬁ~ = —0.63 £0.05 =£0.01,
: e &< SlgeV/gl-s _0.4:_..|...n..l...x...n...l _0.4..1...|...|‘..1...n...|. (-'I\’*’I\"‘ — 0.20 £0.06 £ 0.02,
Maon- [OOVIC T4 e B DB Yo A 6 & 10| . ,
_ Decay time [ps] Decay time [ps] ‘3;\ +K- = 0.18 +£0.06 +0.02,
0 +
e - g0 AAT 0.79 +£0.07 +0.10
i (] C ] C KtK- - Tl =W bl
signal decays 2 0.l:_LH(.:b. 2 0.1:_LH(_3b. p ) .
1HCh £ " f Preliminary £ " Preliminary AB, = —0.084 £ 0.004 £ 0.003,
Preliminary < 0.05F < 005F 0 _ -
n 7 oﬂ k: .4(”.,, = 0.213+0.015 + 0.007.
K IB"—)K’:!' é :
- ASpK-, 4).05_—_}_ -005F
B’k K- : OS tagger : SS tagger
ansow o T. Latham
Comb. bkg. b e e e e e e .
| g 01 02 03 % 01 02 03
My, [GEVIc?]

* Significant improvement (~2X better precision) wrt previous results
* Most precise measurements from a single experiment

* First determination of AAr

* Significance for (Cx+x-, Sx+x- ,AK+K ) to differ from (0,0, —1) is
determined to be 40
— Strongest evidence of time-dependent CPV in B system to date

22



Overall status for CP violation in B>t~

Courtesy of the Heavy Flavour Averaging Group

PRELIMINARY

© o
' Cop

9

+ -
i) | 7 SCvaCCP

Moriond 2018 ' i :
Cor BRELIMINARY BaBar " p 025=008=002
T T T T PRD 87 (2013) 052009
§ s el | Belle . x ., -033-006=003
Belle | PRD 88 (2013) 092003 e
[ LHCb | LHCb ke -0.34 = 0.06 = 0.01
ol B2 Average | LHCb-PAPER-2015-006
Average 032-0.04
: HFLAV correlated averagp *
' = - cncneubaclon " "
| 05 0.4 0.3 0.2 0.1
'0.4 I P - + - S
7t e
! CP PRELIMINARY
; BaBar 7 E -068 =0.10=0.03
! T T
06 - - PRD 87 (2013) 052009
. Belle " ., -064-008=003
, PRD 88 (2013) 092003 *T h
| LHCb 1 r -0.63 = 0.05 = 0.01
08 N LHCb-PAPER-2018-006 r'
1 ] ] | :
-08 0.6 0.4 0.2 0 Average 1L -0.63 = 0.04
Scp HFLAV correlated averagg |
mgmmL):Azz:me\dhgtow_%CLb(ZM L —l J ....... N .
08 07 06 05 04

T. Latham 2



Belle Il prospects

The Belle II program

m large dataset @ improved detector and physics software (flavor tagging, vertex reconstruction)
m unique possibilities for modes with final state with neutral particles

e sin (2¢) will remain the most precise measurement on the UT parameters (precision level of penguin pollution)

® ¢ determination will benefit of reduced errors and new inputs (Sﬂowo, B — pm mode) for isospin analysis

e ¢p3 measurement will reduce uncertainty of 1 order of magnitude, tough competition with LHCb

e other time dependent CP-violation analysis feasible @ Belle 11 (B0 - K*(— wng)fy)

¢, measurement: B — 7w

Isospin analysis input in B — #w
Belle, Belle I1 (4+ B — pp, B — 7mw)

Value Belle @ 0.8 ab_l Belle 11 @ 50 ab_1 - | 1|—

B + _ (109 5.04  +0.21 + 0.18 [2] +0.03 + 0.08 ?
B owo (106 1.31 +0.19 £+ 0.18 1) +0.04 £ 0.04 v 0.8
B"+"o (10°6) 5.86 +0.26 + 0.38 2] +0.03 £ 0.09 C
Ty —0.33  40.06 + 0.03 (3] 4+0.01 + 0.03 0-6:‘
S_+ - —0.64 +0.08 + 0.03 (3] +0.01 4+ 0.01 0.45

C o o —0.14 40.36 + 0.12 [1] +0.03 + 0.01 "t
Sﬂono —— — +0.29 £+ 0.03 0.20

[1]: arXiv:1705.02083, [2]: PRD 87(3) 031103, [2]: PRD 88(9) 092003 B

0
85 920 95 100

o
All B — hh inputs q)2 ( )

A. Mordé A¢e:wz) s o 0.6° 24

2.hh



Semileptonics



Long standing |V, |/|V,,| inclusive
vs exclusive conundrum

2D

o
—

Ay S>P RV
[ ] Average 68% CL.
B Average Ay’=1

ﬂ T T T I

|IIIllllllllllllllll'lllll

I

Inclusive

IV ,l: GGOU
IV l: global fit

in KS

Summer 2016

||||||11|||||1|||||||‘

HFLAV

P(x?) = 7.4%_|_

36

L
i

F. Simonetto

42

44

IV_1[107

26



Recent development: o.sumensar
refitting Belle distribution

Results of new Belle angular analysis of B — D*/i7 [1702.01521] revealed that
| V. |*! depends on parametrization of form factors:

ha, (w) = ha, (1) [1 +8p%z + (53p° — 15)2° — (231p* — 91)2°]
Ry(w) = R1(1)-0.12(w — 1)+0.05(w — 1)?
Ry(w) = Ry(1)+0.11(w — 1)—0.06(w — 1)?

BGL gives Ro(1) larger than HQET by more than 2o
[Bigi et al. 2017], [Grinstein et al. 2017].

4 N

| Ve |2, = (38.2 £ 1.5) x 1073 [Vag|Set = (417529 x 1073

| Vep 336! = (42.0 £ 0.5) x 1073 | Vep 12! = (42.2 +£0.8) x 1073

. v

Both fits (using CLN or BGL) are good = Inconclusive!

= Belle-Il will remedy the situation.

Way out: | V.| from LQCD & Belle-ll data at small recoil values. 27



Another headache for

theory

Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017)
= LHCb, FPCP2017

B Average

0.45

-,
Q
N

750 reasons not
to believe it! 0.35

IllIIIlIlIIIIIIIIIIIIIlIIIIIIIIII

B.:B.u PRLIOO IOISO"("OI")

Axt=1. Ocontours

=== SM Predictions

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

40
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level, should we revisit everything?

o SM prediction for Rp is robust (LQCD). Hadronic uncertainties
entering K p+ need to be better understood, but anomalies persist.

More LQCD input necessary.

o Several viable New Physics scenarios can accommodate R ..
More exp. info. is needed: ang. distributions, other LFUV ratios etc.

0.4 0.5 06

* If we admit new physics com oetlng with SM at tree

uamQ 'd ‘o11auowlis

O. Sumensari

o Building a model to simultaneously explain Ry (.) and Rp.) remains
a very challenging task.

Data driven model building!

28



R(D*) with 3-prong t decay

PRL 120 (2018) 171802
Latest measurement from LHCDb look at PRD 97 (2018) 072013

2" n " ntv final states

. . w, K ~ 0 _, =t F'
Normalisation done through a very | B
similar known final state : “ 9

DO
BR(B' =D n'n a' i v
R(D¥) =K, (D¥)x 2RB =D 7w T -3
BR(B' =D u'v,) T L
PV Az>40,, Jf*
. JT
U_, %= astar P 7 P +
K, (D% = —os = D7 TV,) @ "

BR(B' = D* n*n n*)

B(B® - D* 71v;) = (1.40 £ 0.09 + 0.12 + 0.10)% R(D*~) = 0.286 = 0.019 = 0.025 = 0.021

* LHCb can also perform measurements with other b hadrons
* Recent determination of R(J/vy) = BF(B.~>J/wtv) / BF(B.~>J/wuv) at
about 2o from the SM PRL 120 (2018) 121801
* Results from the R(J/w) measurement demonstrate possibility to measure
form factor parameters for Bc decays
— 20,000 normalization decays in Run 1 with selection designed for t

M. Rudolph
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Heavy hadron production
and properties



Quarkonia production cross-section

L=—283-"071h '

B(QQ — pt ™)

J/v ,(2S), T(1S), T(2S), T(3S)

Double-differential cross-section,
vs. transverse momentum and rapidity

d?o(pp —» QQX) _ Nga(pr.y) 1

dprdy

231" (13 TeV)

5000}

Events / 10 MeV

20 < p, < 21GeV
lyl < 0.3

— Total fit
---- Background

il P

T ieasysdeasaryeoedes aep e i i
305 31 315 32 325

P |

Wy invariant mass [GeV]

27" (13 TeV)
225 < p, < 25GeV
Iyl <03

- Total fit
----- Background

P. Ronchese

L it | I
3.7 3.8 3.9
p*y invariant mass [GeV)

y [pb/GeV]

dat
theory

13 TeV
7 TeV

~ L-Apr-Ay ‘Alpr.y)-e(pr.y)

CMS 23-27H"(13 TeV)
" Jhy NRQCD

E

* y(2S)  NRQCD
g...l

i =,

. o -

i . *

1 . .

- .

- . .
El 1 1 1 1 1 1 1 | ’ —

-ssaranpert®
!
1 1 1 1 1 1 1 1 F
20 30 40 50 60 70 8090100 150
p, [GeV]

yﬂm—i < L2 PT p+pu— UP to 120 GeV pis 780 (2018) 251

)
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Quarkonia production cross-section
J/ ,(2S), T(1S), T(2S), T(3S)

cont’d

£=23-"27MH yﬂ+“_| <12, pr+,- Up to 120 GeV pia7so (2018) 251

Double-differential cross-section,
vs. transverse momentum and rapidity

~ _, dPo(pp — QQX) _ Nga(pr.y) 1
B(QQ — ) = : )
dprdy L-Apr-Ay "Alpr.y)-e(pr,y)
B CMS 2.7f7'(13 TeVv)
% 10° | " Y(1S)(x100)  NRQCD
> 9MS 2.7 (13 TeV) __,% 10«;E * Y(2S) (x 10) NRQCD
- o 22 < p_ < 24 GeV ‘58" 10° k . Y(3S) NRQCD
w 001 T "o s
S‘l N IY[ < 06 ; 102;_ .I'.
£ 800:“ — Total fit 10; : iy ..
4 — .- Background o .
“ 600 i .
L 107 ; a
400 108 g .
200: 12’-; ._I 1 1 1 1 1 1 1 I —
e oIS V. SRR 8 == me——
o T u§ _sv-ﬁ““}é‘sgéé F é I
p*u invariant mass [GeV] 0.3 1 1 1 1 Lo | =
%0 PUTLY W
@~ "; N S s e L S *
1 1 1 1 1 |

P. Ronchese b [GeV) N



Quarkonium production in pPb collisions

28 nb' pPb at 5.02 TeV EPJC 78 (2018) 171

> i LR T T T R
m ! | > YIIIYYY‘IVIYIYIvl’r'YY[lrlY]l'lt[Y
2 E 20<y*<15 p+Po 5, =502TeV,L=28nb" 3 = ' T '
E ., . 1 o 400F -20<y <15 p+Pb |/s,,, = 5.02 TeV, L = 28 nb’"'
- 1indof = 1.34 o NN
@ f +-Data 1 T 3505 X/ndof = 1.07 y
5 10°E —FR 1 - +4-Data SY(1S)
k1] - swPrompt wing) - E 300 —Fit 22 1(2S)
b J % Nan prompt w(nS| d u>.l - + mmBackground @ZT(3S)
E 10 '=_ B ] ¢ = N
o F : 3 £ 200 W\
g ‘ 4 D ..\
R ‘ (. \
107 . ‘ g 150 \ :
100 \\ N
50" .‘\\'\\\ Wt
2.6 2-8 3 3‘2 3‘4 3‘6 3‘8 4 4.2 O A ' CURD e B BB B BN ER E EE L Al Vend ) ' ' et A
m,, [GeV) 85 9 95 10 105 11 115
@ 1°PF T G i R A SR R mW[GeV]
- 100<p”<110Gev ATLAS 3
© 20<y* <15 p+Pb |5, =502 TeV,L=28nb" g e T asass bae s TR AL 1
w  10"F yiindof = 1.66 4 Dada 5 @ - ATLAS PIPb, {5y - 502 TeV, L= 280" - ATLAS p+Pb, |5, =502TeV, L=28rb" |
= 3 L Y1) o, (§=502TeV,L=25p0" L T(1S) o, V5 =502 TeV, L - 25 pb”'
L% — Fil . 15-20<y' <15 V5[ P0G ]
g 103 %8 Promgt w{nS) = [ . |
h o Non-prompt W(nS) = O I B e ]
® i L _ 1 i ¥
g 1 s 3 gt 1|
2 - 05F + 0S| -
10 it . T $ = I
. 3 Lol ool N | | il | 1
r ] =570 15 20 25 30 35 40 0= 3 0 1 2
1 P, [GeV]

4- + N2 ol;l:““l-l 2 4 6 8 - 1 0; »

e P. Reznicek
* Nuclear modification factor of Y(1S) below 1 at pT < 15 GeV,
compatible with 1 above; no y* dependence -



Beautiful hadronic contributions to
FCNCs via LQCD

o B(;) — B, 5 jg/\,@ |
- state of the art AM g ’ 3 :

/A

work in progress on Al %

’f—
+ B K b%{f -
u L gé‘?bi U

_+_

BT KT

state of the art

restricted to large g° %‘ -
* B b@%ig &g ¢
Bt 55"@ at
u — u

state of the art
work in progress, getting around the limitation

C. Bouchard

34



A practical example: Am, and Am,

* Experimental precision has reached a remarkable level
at the per mille level
— Am,=0.5065 £ 0.0019 ps
— Am_ =17.757 £ 0.021 ps™

* However, the interpretation reqwres Inputs from LQCD

G2 = F
Amy = 67r2mw neS(a) A*A° [(1—p)° + 7] de f

Amy f BB A . i i ~7% i E
S Bs Bs - ? : g

~4% o
* The quest for precision with these |
constraints is now on LQCD

— Need to sustain efforts from the LQCD EL
community to reduce the theoretical uncertainties by x10 P

35
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Precision measurement of B_ lifetime
M. Dorigo

* v.fsfrom change in B:C yield vs decay time,

relative to the yield of BY decays
reconstructed in the same final state.

0
B(s) — D(s) lﬁ)‘ L

LHCb

—is
R SR * B decay time [ps]
= 1 047 j: 0 013 + 0.010 £ 0.004(730) ps

16% better than world’s best.
Halved the systematic of
previous—besf: SL resulk,
* Precision limited by the size of the reference sample
* Systematics dominated by the modelling in simulation of the signal




Very competitive b-hadron lifetimes from CMS

cTgo = 453.0 £ 1.6 (stat) £ 1.5 (syst) ym

CMS 19. 7 fo™ (8 TeV)
E il T £
3 B — JyK (892) ' Data =
o — Fit o
0 B signal ol
2] . Background »
< =
3 2
= w
=]
= =
P &
g
e

ct [cmi

CTRY Sy 7~ = D02.7 £ 10.2 (stat) + 3.2 (syst) ym

CMS 19.7 b (8 TeV)

B - Jiyn'n ¢ Dsta

3 [ B! signal E
~ 3 Comb. background
w 10 B; background
= Bl o i B' (J/v *n") background
°>J 10° 3 Teeten,, —-e Other B backgrounds
L 10 e lve,
1
2 3
: 3
i
8§ 3

arXiv:1710.08949

cTgo = 457.8 + 2.7 (stat) & 2.7 (syst) ym CTpo = 4429 £ 8.2 (stat) £ 2.7 (syst) ym
197 10" (8 TeV)

CMS 19.7 fo” (8 TeV) cMs
: A} = JyA° + Data

—
o
w

B -» J/\ng 4 Data

10% — _Fit — Fit
------ B” signal == Ay signal
102 ... Background + Background

—
o

10

Events / 50 um
2

| lllujl*lllllml | llllll

i ll:nml Lol 1

e [
S iHIM IllTlJIlHlllJlU I

1 5
3 L
© 3E T =
0 = 2 tul 1] | 1
. T 0 0 i o MIEE G Trantvann ) TonE DTN IONRANE It
A s § T T :
0.1 0.2 0.3 0.4 05 & 5- ' _ | ‘
ct [cm] 0.1 0.2 0.3 0.4 0.5
ct [cm]

CT)-jipg(1020) = 443.9 £ 2.0 (stat) £ 1.2(syst) M cr,. = 162.3+ 82 (stat) 4.7 (syst) = 0.1(7y+ ) pm

-1
CMS 19.7 fo” (8 TeV) CMS 19.7 fb" (8 TeV)
& = ' : ' ' ' : Fisy ' ‘ A B
= ¢+ Data ]
o — Fit - Data ]
o B? signal -
» « Background = — Fit .
=
o
>
w
e
g
g
©
9, | | L | L
0.02 0.04 0.06 0.08 0.1
ct [cm]




Spectroscopy



Social life of heavy quarks:
“Who with whom,

For how long 7

A “one-night stand”,

“avventura di una notte”

Or “Till Death Us Do Part” ?

“finché morte non ci separi”

You’ll never look at heavy quarks with the same eyes again

M. Karliner
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What is your favourite option?

Hadronic molecules: deuteron-like

DO

b

e _Proton M. Karliner
“,‘\‘ ) ﬂ' “‘.\l\

Neutron
D™ "
D°-D® “molecule” Deuteron: p-n molecule

Tetraquarks: same 4 quarks, but tightly bound:

Hadronic Tetraquark
Molecule

two couples

two couples
In separate bedrooms P

In same bedroom...



The first of a long list

Thresholds for QQ’ molecular states

Channel Minimum Minimal quark Threshold Example of
isospin content®? (MeV)¢  decay mode

DD~ 0 ccqq 3875.8 J mw
D* D* 0 ccqq 4017.2 J
D*B* 0 cbqg 7333.8 Brnm
BB* 0 bbqg 10604.6 T (nS)rm
B* B* 0 bbgg 10650.4 T(nS)rm
5.0 1/2 ccqqq’ 4462.4 Jp
2 .B* 1/2 cbqqq’ 7779.5 B p
>,D* 1/2 béqqq’ 7823.0 B- p
,B* 1/2 bbqqq’ 11139.6 T(nS)p
T A, 1 céqq id 4740.3 Jpm
Tele 0 céqq' Gq 4907.6 Jp
> Np 1 cbqq'ad 8073.3¢ Bfn
T/ 1 béqq'ud 8100.9¢ B-m
b 1 bbqq'iid 11433.9 T(nS)rm
.5 0 bbqq' Gg' 11628.8 T(nS)rm

?lgnoring annihilation of quarks.
“Based on isospin-averaged masses.

Plus other charge states when | # 0.

9Thresholds differ by 27.6 MeV.

Jauipey "N
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Mass and lifetime of doubly heavy baryons

State Quark content M(J=1/2) M(J=3/2)
=) ccq 3627 + 12 | 3690 =+ 12
=) blcq] 6914 + 13 6969 + 14
= e b(cq) 6933 £+ 12 e Z
=) bbg 10162 + 12 10184 + 12 =
S
LHCD: 3621+ 1 =
®
Baryon This work [28] [51] [71]  [72]
=it =ccu 185  430+100 460+50 500 ~ 200
=+ = ccd 53 120+100 160450 150 ~ 100
=t = beu 244 330480 300430 200 -
=0 = bed 93 280470 270430 150 -
=0 = bbu 370 - 790420 - -

Z,=bbd 370 - 80020 - -
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The hunting season is open

The same theoretical toolbox

that led to the accurate =.. mass prediction
now predicts

a stable, deeply bound bbiid tetraquark,
215 MeV below BB* threshold

the first manifestly exotic stable hadron

The ugly duckling that became a swan!

Jauipey "N



From first observations straight to
precision measurements s.Stone

* First observation of a B
> LHCb 13 TeV
doubly-charmed baryon,  %ie o o
—_ 140 v Eee
the = iof ool +
: : 3 d
— Now working on measuring 8 ‘gg e ;
properties and partners 8 eof 4t ++H """ t
PRL 119 (2017) 221801 - +
;2200: — T 1 T T T T — T T 3 20 ; ‘
§ 2000;_ LHCb X1 | ﬁtresultJ/w +*—; 035|(x). e ‘36&)' - ‘37100, E
2. E- , — X2 > JYUTB
E :g_ " ----- background _ m, Z [MeV/c?]
TS 14005— | A2 —i o o
% 1o0of + A 31 * Precision measurements
e i 1 ofmasses and widths of
co0f- | | 't 1 ¥qand y, mesons via the
o e and  decay mode g, U/ ypp
oL A — New avenues are opened,

m(Jpp ) [Gev] e.g. to study y,, states «



From first observations straight to
precision measurements o

e LHCb: dramatic observation of five excited Q). based on 3.3 b1 [prL 118, 182001 (2017)]
» Reconstruct ZF — pK— 7t (1.0 x 10°), five peaks appear in ZF K~:

AL P L B £ e
400 |~ G . Resonance Mass (MeV) I' (MeV) Yield N,
Q g M 1 @.(3000) 3000.4 + 02 £0.1°9 45+06+03 1300 £ 100 - 80 204
(- 5 300 |- . Q. (3050)" 3050.2 + 0.1 +£0.137 08+02+0.1 970 + 60 + 20 20.4
O = i _ <1.2 MeV, 95% C.L.
— = Q. (3066)° 3065.6 + 0.1 £0.377 3.5+04+02 1740 + 100 + 50 239
V) = Q. (3090)" 30902+ 03 + 0‘5;(31; B74+£1.0+08 2000 £ 140 £ 130 21.1
. 5 Q.(3119)° 3119.1 £ 03 £0.9737 1.1+08+04 480 + 70 + 30 104
¥ 3 ) <2.6 MeV, 95% C.L.
Q,(3188)° 3188 £ 5+ 13 60 =15+ 11 1670 + 450 = 360
¢ Q_(3066)0, 700 4 40 4 140
0 . , Q. (3090), 220 4+ 60 4+ 90
O s o 3300 o g, 190 70 + 20

(=K ) [MeV]

e Belle: using full data sets, confirm four of five narrow states reported by LHCb.
» (2.(300)(3.90), Q-(3050)(4.60), Q(3066)(7.20), (2(3090)(5.70)

35—
30%— | QD 980 b 1
25— | »_,.. [PRD 97, 051102(R) (2018)]
2o§— | " I ‘ + ; | { 1
= L |:.|| L ”,lq |||..|' ml I | lll
i '," e By “'nl WL , 'll. s
LR T T R
5 z 1 1
“ig R A TP, UL oty S
L Li °m"é"'éf'65'" 1 315 32 825 33 25

M(EK) (GeV/c?)



New states popping out...

— o e oo

i

. g
: T ull fit T — Full fit
= Seeninboth fully "% Foim. foEEe i
hadronic decays & /M LRI : /tw g
. S oK- | =™
o 1007~ ‘—'b —')Ab K Q
semileptonic A A " A

d e C a S 500 70D 900 600 z 200
MIAK M(\l[M Vi) M(\K) M(\p[Mch?]

% [LHCD —Full fit Preg'mmal_:lyco — Full fit
= Mass (MeV) 3 o T8V éz.;.:,;:;::m}J PopeeTy Rl
; A | A i
=6226.942.0+0.340.2 = St | | e
soo: Eb —)Ab N 3T
= I'=18.145.4+1.8 AR S A
MeV IR e e U R TV
. J P not yet gsm?%'_;:%t?a Tev -_-:;:IVIT::I':::WIN %Mx}_l\-{g‘:ﬁ% Tev —Et:;l:nib:'n:g:onm
= ¢ : £ |
measured : W,ﬁ%‘*ﬁ%ﬁ fo Mwmw
3 1011— *ﬁ;ﬁﬂﬁ ibo fb+n_’ 8 100:- ’M
A e
LHCb-PAPER-2018-013 A s I SRS

M(s;x ) : qug-l [MeVie2) M(Epn) - ME) [MeV/ed)

S. Stone



Some others...

Search for a structure in B% 7t spectrum

140 |- DO Run II, 10.4 fb'

2
~
o

Phys. Rev. Lett. 117, 022003 (2016)

o
(=]
-y

DO published evidence of X(5568)
state in the B% m* spectrum via:

e BOs to J/W (p p) d(K K)

* BY% to u* Ds (p[KK]m) X

(=]
o
L I

N (B%) / 20 MeV/c
(2]
o

&
o
"

N
o
T

_+_

1 PR NI IPENPITE PPN I : +
* X = neutrino Y5 555 56 565 57 575 58 58 59
m (BLm?) [GeV/c?]
.= 5567.8i298tat +Og-19 Mev 250; + (b)
e ['=21.946.4stat 5025 MeV K # +
; S 5 200
 significance 5.1sigma = '
o)
~ 150
' 2 DO Run I, 10.4 fo™
 interpreted as a tetraquark made 2 100 e 4 iBeilesiod Bk
of 4 different quarks (b, s, u, d) e S
. Signal
0 PR WA IO W GRS S | L

“555 56 565 5.7 575 58 585 59

] m(B5 ) (GeV/c?
F. Tresoldi



..disappearing

200

CMS arXiv:1712.06144 19.7 o' (8 TeV)
> [
geoo._{a) § 4 4t i 5
0
% p00 p,(BY) > 10 GeV
_'g
T 400 + Data
3 — Fit

F. Tresoldi

? § lv-o‘ '6‘—” W‘ ’ 4 4’*%“,‘ ,0 i 6‘ * P **4# * %’* b? *‘“{4:
3.5 3. 6 5. 7
‘w(agr) GeV]
CDF arXiv:1712.09620
~ 1
Q
=
< 100
)
g 8o
@
= 00—
o
p-- 0
5 40 B’ sideband regions
20
0
55 56 5.07 58 59
2
hA(BS nt) GeV/c

Candidates / (5 MeV)

Pull

Events /2 MeV

(data-fit)/o

Phys. Rev. Lett. 117, 152003 (2016)

b LHCb p (B2 >10 Gev [l ot o v
3 Combinatorisl =
200F L -]
; i + .’+
e ' 4 t t o
100~ —:
S0~ -
A 000e000008s0000000 9000962050000 IO NP PS SO TSS90 USEES 0080900000900 =
20 Lo tbeaeadat bbb ul i UV ERR X7 IR T HTNC IR X W 1
B4 A i S L L L R T r'*-mr L PR R RS

5550 5600 5650 5700 5750 5800 5850 5900 5950 6000

m(B3r) (MeV)

ATLAS

5=7 TeV,49 "
fs=8 TeV, 195"
p,(B)y>10 GeV

e Data
— - Signal (S)
..... Background (B)
— Fit(S+B)

- » DO mass peak

@52
00

(N
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But not always things are so clear

(not yet a sad case: ATLAS update? CMS?)

Events / 20 MeV

Events / 20 MeV

B:(2S) observation at ATLAS

L e o o B e o e - peakatQ = 288.3:1:3.5stat:t4.1syst MeV
ATLAS Qg . =288+5MeV
» Ogn = 18+ 4 MeV
Jrazseet | T 26  corresponds to mass
; \?v.z:m.gxr%e m(Bc(ZS)) — 6842:t43tati5syst MeV

* no B.'(2S) hypothesis
| * consistent with theory
[6835,6917] MeV
00
m(B ax)-m(B,)-2m(x) [MeV] ® signifioanoe:
* 5.2 sigma combining 7 and 8 TeV

TV [y Yy v [Tt [fvyrrrrrrrrryrrprrrort

Q,..=288=5MeV 3 ¢ first observation of B; excited state

oh=18:4MeV

* similar analysis recently performed by
1| LHCb (arXiv:1712.04094)
* no evidence found

3 ¢ further studies underway
400 500 600 700

nemmEram@hel F Tresoldi, M. Dorigo



Breaking news: Spectroscopy gold
mine discovered in China!

m X(3872)
m X(3823)
W X(4140)
B Y(4260)
B Y(4360)
B Y(4660)
W 7 (3900)
W 7 (4020)

P. Ronggang

* BEPCII/BESIII is a
Y-factory, and more
data taking is under

consideration for XYZ

studies

3.9

N —+— Data
3 40 | — Fit
@ _ F T - - Background
E 30 I Sideband
=90 T D MTYY oy
[=
210
Ll
0
3.6 .7 3.8 ,
M....i(m* ) (GeV/co)
M=3821.7+1.3 £0.7 MeV

Cross Section (pb)

Events/(10 MeV/c?)

120

100 |

80

60

40

e'e —> a7 yw(3686)

vvvvvvvvvvvvvvvvvvvvvvvvvvvv

-‘BESIII. PRD96. 032004 (2017)® BESHI
Y(436(i) l “ Belle

s -=- BaBar —

Y(4260) ]

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

4.3
{s(GeV)

Z.(3900)° :e'e” > 7’7’ J |y

(2)4.230 GeV, 1091.7 pb’

FRL 115, 112003 (2015

____

AAAAAAAA
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e*e” >N\ \_cross-section near threshold

Belle G. Pakhlova et al. [Belle Collaboration], Phys. Rev. Lett. 101, 172001 (2008).

BESIII  Ablikim et al., PRL 120, 132001 (2018)
008 - ' Ll ' . l

v ]
with non-pole term Belle: e'e” — 5,5z ACAL.
| r e 2 695fb" at Y(4S) |
o6d | = BESII - BESIIl: e'e” > AJA_, ]

an data above threshold

1M +M‘_ + ’

o 044
E
o)

0.2 -

PRDD 96. 116001 (2017)
00 ' y . . ' =
455 460 465 470 475

E(GeV)
Ecms will be upgraded to 4.6~4.9 GeV 1n 2018-2019 21

P. Ronggang v



Dark and rare



Dark photons at BaBar

* A massive dark
photon A’ can mix
with SM with coupling
strength ¢

* Depending on DM
mass, a dark photon
decays as

SM (if mg,, > % m,,)
— visible decay

A. Lusiani

N ISR

EWEA G BABIR plot from PRL 113 201801 (2014)
lllJlll 1 1 L1 1 1 11

10—4 113 ;.- " : 1 L a1l 1 1 1
102 10 1 10
m,. (GeV)

Dark Photon: visible decay
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Dark photons at BaBar -

N ISR

* A massive dark
photon A’ can mix
with SM with coupling
strength ¢

* Depending on DM .
mass, a dark photon
decays as 10°

DM (if mg,, < %2 m,.)
— invisible decay

1072

pIot f rom PRL 119 131804 (2017)

o .

3 2 1
10 10 10’ m, (GeV) 0

Dark Photon: invisible decay

54

A. Lusiani



Dark photons at Belle Ii

* Dedicated triggers for dark sector searches at
Belle Il ready for 2018 run

* Already a small dataset (~20 fb™) will give world
leading sensitivity for

invisible dark photon
decays at Belle Il

* Promising results
expected during
Phase 2 also in the
ALPs sector

G. De Pietro

<

y = €2 o (M /m,)

1073 ¢

104 = ":“ Ll v Ll -'." L Ll L ) "" Ll L : :"" Ll F
10° J = '
— Belle Il calorimeter has /_J,:' 'i:
107" [ no projective cracks inp iEARF \ +|-
o =i E U\
10° PSSR )T o~ i
11 R ... R o B o 2 9 B | M
1 0 ™ LSND - “N .-~ Belle Il (Phase 2) I
- Belle Il (Phase 3) =
< LDMX2@8GeV _.:
10—15 = o = 0.5 —
3m =m, -
10.17 aadssl Aassisl } - Xl A 2
107 1072 107 1
m, [GeV/c?]

_.--*"" LDMX1@4GeV

Dark Photon: invisible decay



First citation ever of the
CERN Courier at Beauty!

Many present and future facilities other than B-factories

effective on Dark Photon searches, e.g., LHCb, SHIP, ...
LHCb on CERN Courier Jan 15, 2018, see also PRL 116 251803 (2016)

90% exclusion region on [m(A"), 62]

1079 . |

\
'
l

wﬂ b i il

107°

£ 107®
Displaced
10710 I LHCb (2016 data)
B previous experiments
10'12 T TTTT] T =1 LT ELLILY | T I==1=0e021
107 107 1 10
m(A") [GeV]

Red and green are expectations for LHC Run 3. Dark Photon: visible decay (A" uu)

Dashed cyan curve is expectation rescaled to 2016 LHCb data sample. A. Lusiani



B°>p*u-and B.>putu-

CMS and LHCb have

performed a combined fit to

their full Run-1 data sets
B(B) - utpu~) = QSfOOE x 1077

B(BY — utp) =3. 9le x 10710

B.~> 1 6.20 significance was

first observation

— Compatibility with the SM at

1.20

Excess of events at the 30
level for B> uu

— Compatible with SM at 2.20

More recently, also ATLAS
published a measurement

with Run-1 data epic 76 (2016) 513
G. Fedi, M. Rama, S. Turchikhin

MS and LHCb (LHC run I

(>}

S~

— Signal and background

[ B iy

— — —

N

= = Combinatorial bkg.
Semileptonic bkg. —
= = Peaking bkg. —_

Nature 522 (2015) 68

e
(=)

I|III|III|Il,'l|IIIIIIII|IIl|III|O

Candidates / (40 MeV/c?)
1

(=) N ~ [=>] (o2}

AN

T_l—l

o

5800
My, [MeV/c?]
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Update on B.->u*u~ by LHCb with Run-2 data

Phys. Rev. Lett. 118, 191801 (2017)

* New measurement from LHCb = »f =~ =~ w0 S
. 30 e =
using Run-2 data has led last ) R I o

F s B h* .

vear to the first observation of
the B, 1 decay from a single
experiment

B(B? - ptu~) = (3.0£0.6103) x 107°

20 - Byt K)u'v, —
R B'X‘)_) TCO‘-'IU,' u,

0 -
ssaeiy Ab_') pHu Vu

Candidates / ( 50 MeV/cz)

15E

Bi— Ty u'v,

10 :l.~"s

s

" 1 H
5500 6000

 Moreover, it starts to be possible
to measure other properties,
such as the effective lifetime

8 LHCb .

—— Effective lifetime fit

7(B%— ptp~) = 2.04 +0.44 + 0.05ps ]

— Experimental precision not yet in
the interesting range, but
important proof of concept

Weighted B‘: — p*u” candidates / (1 ps)

[ L L L . ) L 1 L |
0 S 10
Decay time [ps]

M. Rama 58



Updated search for B° ,->eu decays

[JHEP 1803 (2018) 078]

i=B%— K+n—,Bt > JJpK+ events summed over the 3 most sensitive BDT
bins and the 2 brem. categories

! norm DOTTH f‘ : § :'Z ™ '11' -
B(Btom — € # ] = zt - X *'\“BO —setu¥ ; LHCb l?:ﬂ
norrn "Slg fd(sl Lol (D) 07<BDT<10 Combi )
2 e ;'ul matf;!ual
= g, X Nag et 8 e
> S
% """ I — &1
. : ; ; 8=
- No signal found. Events in signal region S
consistent with the expected background O

...........

- Upper limit on BF (B?s) — e*yut) evaluated with i 5300 5400 msooo[Me\s;z(O%
the CLs method: e’

BF(B? - e*ut) < 5.4(6.3) 1072 @ 90(95)% CL
BF(B® - e*ut) < 1.0(1.3) 107° @ 90(95)% CL

Best UL to date, improved by factor 2-3 since previous LHCb measurement

M. Rama ”



Searches for CLFV

* Quarks mix, v mix... what about I*? Bﬁuzn;::" Next Generation exp
— CLFV : neutrino-less transitions of the type p 2 e, 12 e, 12 Bire s:a =5 ot 110 ke I 19400}

* There is no known Global Symmetry that

requires LF conservation

* Many extensions to the Standard Model

predict large CLFV effects

» CLFV offers opportunity to probe
App ~ O(103% -10%) TeV >> TeV

=N --> e-N
(7x10"),

p+ —> e+ete-
(1x107%),
p+ —> e+y
(4.2 x 10,

D. Glenzinski

BR<32E-8
BR <3.6 E-8
BR <4.7 E-12 NAG2

BR < 1.3 E-11

BR<78E-8 LHCDb, Belle Il
BR<9.1E-8

BR<42E-13 10" (MEG)

BR <1.0 E-12 10" (PSI)

R, <7.0E-13 10-17 (Mu2e, COMET)

Experiments using muons among the most sensitive

Mu2e
(7 x10™)
COMET Phase-| COMET Phase-ll

(crrent be
[expected sensitivity]

Commissioning
//// (Possible) Future Running ¢} A. Baldini, et al. (MEG), Eur. Phys. J. C76, 8 (2016) 434.

2021 2022 2023 2024 2025 2026

Physics Data Taking

a) W, Bertl, et al. (SINDRUM-I1), Eur. Phys. J. C47 (2006) 337.
b) U. Beligardt, et al. (SINDRUM), Nucl. Phys. B299 (1988) 1.

* Significant progress in all three p channels in next 5-7 years 60



LFU tests in b>s€18-

Measure ratios s
= BF(B*>K*u*u~) / BF(B*>K*ete™)
RK* = BF(B">K*Ou*u-) / BF(BO> K 0ete)”

Theoretically very clean

N

— Observation of non-LFU
would be a clear sign of new
physics

For the moment at the
30-ish level from the SM

Updates with Run-2 as well

as other new measurements
0.4}

with different decay modes y

eagerly awaited from LHCb o

A. Puig

transitions
--LHCb -m-BaBar -a—Belle
2_""1""T""l"'l"_
- PRL 113 (2014) 151601 LHCbH 1
. -
—

o 745+g 8792(stat) +0.036(syst)

5 10 15

20
g2 [GeV?¥c4]

JHEP 08 (2017) 055

[, Y=o

0,69 * 20 (stat) + 0.05 (syst)

0.66 = 011 (stat) & 0.03 (syst)

® LHCb
BIP

Y CDHMV 7]

B EOS

€ flav.io ]




Anomalous BFs in the b>s€€sector

* Differential BFs consistently lower than SM expectations, althou
uncertainties in the predictions are matter of lively debates '

BN CSR Lattice
& T T
>
O
O
3
©
X
o
= ++
[\
>
o
] | Iy
S 5 10
JHEP 06 (2014) 133
NP3 (A
2 [ Ro_, 0
3 = B'— K up
< I LHCb
= 0.1
S
Q L
3 |
0.05+ 7
I Jhy
O L L L L | I L :
0 5 10

JHEP 11 (2016) 047
JHEP 04 (2017) 142

-eo-Data

v(2S)

5 20
¢ [GeV?/c4]

oNes

15
g [GeV?%/ ¢4

dB(BY—¢uu)/dg? [10°GeV2c?]

dB(A, — A p )/ dg” [107(GeV/ 4™

S = N W ks N 9 0 O

B,—¢uu E
SM pred. _E
*Data _§
Jhy y(2S) —
T
JHEP 09 (2015) 179 ¢ [GeV?/ct]
Ap—App [ 0
sy was) LHCD E
10 15 20

JHEP 06 (2015) 115 ¢* [GeV?/ ¢4 ,

E. Smith
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Angular anomaly in B2 K uu

* Angular analysis of B>2>K ™%« It is important to
* Can construct less form-factor  remark that global fits

dependent ratios of by several theory
observables, like P’ groups take into
:n ———T——————————— account a plethora of
o e a1 observables from
PRAL ALY Doerbiwv 3 various experiments,
o | 1 notably including
W "BEsD _F |, 1 B>upandb>st*e
: i 4" —t—t4  transitions, and nicely
‘10_‘- S Nl oy = get a consistent overall
g* [GeV?/cH picture N.Mahmoudi
+ JHEP 02 (2016) 104 . arXiv:1805.04000 4mmm This morning!

 PRL 118 (2017) 111801 arXiv:1710.02846
63

S. Sandilya, E. Smith, S. Turchikhin, D. Wang



Global WC fits

@ The full LHCb Run 1 results still show some tensions with the SM predictions

e Significance of the anomalies depends on the assumptions on the power
corrections |

@ Model independent fits point to about 25% reduction in Co, and new physics in
muonic CJ' is preferred

@ We compared the fits for NP and hadronic parameters through the Wilk's test

@ At the moment adding the hadronic parameters does not improve the fit
compared to the new physics fit, but the situation is inconclusive

@ The LHCb upgrade will have enough precision to distinguish between NP and
power corrections

N. Mahmoudi

And attempts for model bwldlng

.' simultaneous explanation of Ry~ and Rpx) anomalies appealing
it calls for a “low" New Physics scale A # 1 TeV, at least in simpl

F. Feruglio
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But how to tame the monster?

Charm loop: dangerous
or - harmless?

A clear-cut non-perturbative calculation is not available yet

Combinations of QCDF, LCSR, analiticity and unitarity point to a
moderate effect with a flat g2 dependence in the region of interest.

Yet their ability to fully describe c-loop rescattering is questionable

Future data could be able to pin down hadronic contributions with no
short-distance counterparts (all but AC, and AC,)

LFUV signals are not affected, but their interpretation may be

M. Ciuchini %



Next frontier: b>d€*€ transitions

BB — K*Ou*yu™)

equivilent
={29x1.0x02=x0.3
i LHCb
600 « Datwa

s
|

400

Candidates / ( 10.0 MeV/c?)
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Charm



From Beauty to Charm

@ From Elba island to Novosibirsk: ~ 6.000 km, two weeks

@ Experimentally, b-machines are also charm-machines

@ The structure of charm flavor-changing-neutral-current
transitions allows to uniquely probe the SM and BSM
physics with many decays and observables - despite
branching ratios being dominated by long-distance effects.

@ Not to forget: Rare charm decays may help to improve
our understanding of QCD /check theoretical frameworks.

@ The little sister of beauty is growing up: Rare charm
decays at the level of rare b-decays back twenty years.

@ Many experiments, e.g., Belle (1), BESIII, LHCb and
theoretical works ongoing, €.g., (sdg. Hiler D — PPEL to appear].

S. De Boer o




CP violation in D*>t*r°

[PRD 97, 011101(R) (2018)]

e Singly Cabibbo-suppressed decay: excellent candidates to probe CPV in charm sector.

@ Any CP asymmetry found in these channels point to New Physics [PrD s5,114036(2012)]

e Based on 921 b=, CP asymmetries are measured from a simultaneous fit to Mp:

AT _ N(D* — ntm®) — N(D— — n—nP)
W N(D+ — ntn®) — N(D- — n—m°)

o tagged: AT, = (+0.52£1.92)%; untagged: ATl = (+3.77+1.60)%.

§ $ yid.of. = 0.91 | §
:.\.a;~ 2

= Acp + ArB + Agi

¥id.of. = 1.24

untagged

Events/({ 10 MeVic’ )

234f% ' il : . 3 o 5 y s, |
-T*? 1.78 1. . 08 1.7 1.78 1 ’5 185 1.9 185 08 1.7 176 1.8 185 18 185 2 205 1.7 1.7'5 18 185 19 1985 2 205
(aewc‘) M, (GeVic’) M, (GeV/c®) M, (Ge\l/c’)

e normalization DT — K27t with Agg = (—0.363 + 0.094 4 0.067 ) %[PRL 109, 021601 (2012)]
AKT — (—0.29 £0.44)% (tagged); AKT = (—-0.254+0.17)%.

e A combination: A,y = (+2.67 £1.24 £ 0.20)% [EPJc75,453(2015)]

o Leads to ATE = ART + AA,a, thus Acp(DT — it %) = (+2.314+1.24 4 0.23)%.

L. Li v



Updated determination of neutral D-meson
mixing parameters and search for CP violation

* Recent publication on charm mixing and search for CP

violation using Run-1 + Run-2 data  PRD 97 (2018) 031101
N(D°—-KTr™)

* Measure time-dependent R(t) = Fpoo=m=
rat|9 of V\{rong-5|gn RO B /T o e, IR
to right-sign —— B A =
D°>Krdecays . S -
S o5k LHCb } - Data E S 220f LHCb . Data
Q L —_Fi i O 200F .
¢ By far the E 20k @ I Il;;ckground 3 E 180 S .
o . © 160}
largest sample 2 Sl W+ |
of such decays % tof % ‘gg 7.22 x 10
ever S st S R 2
E ] 20¢ ]
03005 2010 2015 2020 02005 10 2015 2020
M(D’n*) [MeV/c?] M(D’n*) [MeV/c?]

M. Williams



Updated determination of neutral D-meson
mixing parameters and search for CP violation

arXiv:1712.03220

(3.9 4+ 2.7) x 107° F@ — =
y' — (5.28 o 0.52) X

RD — (3.454 = = 0.031) X :

* The results are twice as :

precise as previous LHCb :
results (but no CPV yet) : :
j_z;,a; @ CPVallowed | ®) NodiearcPv] ©ncr | E© ' ' ' ]
h j --D°68.3% c --D° 68.3% CL ::Z:& _0'25_ —f
: -:D°68.3%C.L o j-pema ' —smaL . . e m o w P )
s 0 0.1 0.1 L 0.1 0 0.1 0 2 4 6 20
1o tT

Ap = (R, —Rp)/(R5+Rp) = (—0.1+£814+42)x103 M. Williams »



D°->h*h~pu*u- decays at LHCb

* q
o Z_ {u}h
v A VU T o i O

u —WT q 7

“o, Yo"

- Rarest charm-hadron decays ever observed: [PRL 119 (2017) 181805]
B(D° - ntn putp™) = (9.64 +0.48 £ 0.51 +0.97) x 107
B(D° - K*K ptp™) = (1.54+0.27+0.09 £ 0.16) x 107

where the uncertainties are statistical, systematic and due to the BF of the normalisation

ut

- Branching fractions in broad agreement with SM predictions [JHEP 04 (2013) 135]

A.Di Canto Now looking for CP asymmetries! 72



LFU tests also in charm!

Leptonic D* — t" v_ (preliminary)

: 2 2
Search for pure leptonic decay of D meson (never D(D* = #y) "™ (1 - T,g—)
observed before) and possible test of lepton universality. A= FDE— )

Signal: D* = t*v_ "= n'v,

Two signal regions:

s u-like events | n-like events + u-like (E,,,. < 300 MeV);
N « r-like (Eg,,. > 300 MeV)
£ § I% Simultaneous Fit to the missing-mass-squared
| gg : 137427 ‘\‘[xfxias = (Ebeam — E;n‘)z - (_ITD{ag — D) 2
O iaaa D* T 1t Ve)ve
J 02 events - /E[E“mmal:, : BES”IIS
e ¥ w——— ¢ 1
Hwa  BESHI ¢ i\ Blackfilled histograms BESII . :
F; S Poaminry : }MCM::C e § BF(D* = t*v) = (1.20 + 0.24) 10
3| 3oz i 4 2 } R = 3.21 + 0.64,
o | 5wt B A §eF H }T% . consistent with SM prediction
il : S %’l F_,..-!' -‘ (R = 2.66 + 0.01) at 0.90 level
03 -02 -01 o 0.1 M;:'Gesif'f ¢ -03 -02 -0.1 0 0.1 Mﬁ;;c;egfc'y
+0) OC) [+ ( : )
D —=2 I Y Theoretically: R*™) =0.97
A n d L u S : = - /.

R = 0.905 £ 0.027 £ 0.023 L
G. Mezzad ri Agreement at 1.90 and 0.60 level



Strange, isn’t it?



Rare is not only heavy!

* Flavour anomalies: interplay with K->TTvv but
0% measurement needed!

 8x10% SM(+)

2 6x1012
b

o 4x1013}

+ LHCB: Ks->up extraordinary result: =sef \

-05 00 05 10

interference effect!!!Short distance windd b

* weak chiral lagrangian
» LFUV in Kaons very useful

* Rich rare kaon program
G. D’Ambrosio ”



>NAG2 ()

K*axvv Results

0.12

0.1 / K' —» n*vwMC
0.08 -4~ data

_£0.067
0.04 7
0.02
0~
~0.02
~0.04

: NA62 2016
—0.06; vy data

pa— | I | | | | I 1 | | | I | | | | I | | | | l | 1
103 15 20 25 30 35

7" momentum [GeV/c

One event observed in R2

A. Romano 7



- > NAG2 )
K*ax*vw Results -

» One event observed in signal region R2

» Full exploitation of the CLs method in progress

» The results are compatible with the Standard Model
BR(KT = 7tup) <11 x 1071 @ 90% CL

BR(KT - 7tup) < 14 x 1071° @ 95% CL
« Analysis of data collected in 2017 started

» data sample x 20 larger than presented statistics

» expect improvements on signal acceptance, efficiency and
S/B ratio

« Data taking is ongoing (April-November 2018)
« Expect ~20 SM events before LS2

« Data taking after 2018 to be approved A Romano 7



The HyperCP anomaly in 2*=putp-

- Short-distance SM branching fraction is at

O(10-12), long-distance contribution up to w0

107

- Hirst evidence reported by HyperCP with 3
events in absence of background

B(Xt - putu~) = (8.675¢ £5.5) x 107°

Evenis’t Mev/c?

[PRL 94 (2005) 021801]

- All events clustered at the same dimuon

|b)

21

19 |

(c)

1130 1200 0 lfoc 1900 1sc0 1200

mass of (214.3+0.5) MeV/c?, indicating the
existence of a new particle PO—= -

- P9 searched for and not found by several

experiments using dimuons from different
decays

A. Di Canto

1300 '1;100
MW“(MQV!:}

1500

| j
T T T L.

(b)

A

® Dala

— == I
2125 215 2175
M, (MeV/c?)



Candidates / ( 5 MeV/c?)

Search for 2*>pu*u at LHCb

Searched in 3/fb of Run 1 data

Evidence for the decay at 40, no structure observed in m(u+u-)

BT spp*p )= @13 %1078

arxiv:1712.08606

N LA S S B B — . e B A_\ R I [ T R R R
10—_ 2t— putu LHCb o % 6-5-_ ; LHCDb _;
L « Data 1 2 55_ : :
8- —Fullmodel — v Eli :
B —-"— puty” - < 4f|d ——i .
e— [+, 00000 Background | — g 35_ E =
I T 1 8 F| —— g -
N T 2 | =
i ) {3 SRR
2 » © - E + o ] 3
55 Iy 71 % of i + ;
- il W PR T T W TR N S RN S W AN VAN RN S NN N W T S ..

T e e 1400 2 219 i 220 230 240 250 260
M- MV 7] {HyperCp m,.,- MeV/c?]

signal

A. Di Canto ' °



The (not so far) future



Upgrades at the LHC

P. Collins, S. Fiorendi, N. Neri, W. Walkowiak

Run 1 Run 2 Run 3 Run 4 Run 5+

(2010-12) | (2015-18) | (2021-24) | (2027-30) (2031+)
ATLAS, CMS 25 fb1 150 fb1 300 fb1 3000 fb?
LHCb 3 fb1 9 fb-1 23 fb? 50 fb? *300 fb~1!

* assumes a future LHCb upgrade to raise the instantaneous luminosity to 2x103* cm=2s!

A first LHCb upgrade comes already in LS2 (to raise the
instantaneous luminosity to 2x1033 cm~2s7!), whereas the
HL ATLAS and CMS upgrades come in LS3

LHCb has submitted at the beginning of
2017 an Expression of Interest for a further
upgrade during LS4 to reach 2x103*cm=2s™1

CERN-LHCC-2017-003  https://cds.cern.ch/record/2244311



https://cds.cern.ch/record/2244311

Belle-ll takes off!

Exciting prospects from o S T
the SuperKEKB machineand " § o e
7@@ : -
Belle-Il detector S B
org~ 1(305;;? /7 ¥ . \\\(forE=1GeV)
An integrated luminosity of | y =.
5ab~! will be collected by . s, Vs
gplle=i189% (ol 1000/sec B-mesons (40x higher than KEKB)

2021, and 50 ab~! by 2025 et et oo

By around 2021, enough ] | SIS
luminosity will be available 2.
to perform very competitive i =

g i’ ] i s

measurements g
There are important areas, ig

1 1 2?);7 20l1'8 20:19 20120 20l21 20122 20123 20|24 2025
especially with neutrals and kool

missing energy modes, where Belle-Il will provide crucial
complementary measurements to LHC experiments in
the flavour sector C. Marinas  ©



First collisions at Belle Il (26 April)

200
IP size: 400 um i X, 4 pim in Y
Peak Luminosity {7-9:10* ¢m“s*

C. Marinas




And then?



Concluding remarks

In the current state with fundamental physics, it is
necessary to have a programme as diversified as
nossible

f anomalies will consolidate, it will be of
naramount importance to seek confirmation from
multiple experiments

Furthermore, new physics should affect different
modes coherently

—Maintaining the broadest possible physics programme
in the long term will be crucial

Don’t forget: this has been, is and will remain a
combined effort between theory and experiments!
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Long live Beauty!



Now let’s enjoy the approximate
symmetry of the island s

/ A _




Extended material



All scales probed so far appear

to be rather large...

many

1 (D=5) 1 (D=s)
ACSMEFTZACSM‘FEOW +ZEQ~ + ...

P
SM without Neutrino masses Generic new-physics
neutrino masses  and oscillations phenomena
New-physics scale Z
Order Observable i
for g=0(1) %
: C
Lleuingo A ~10° TeV o
oscillations @
—
Proton decay A >1012 TeV
Flavor physics A>1-10°TeV
EWPT A>1TeV

Higgs couplings A>0.5-1TeV

89



New physics searches in the flavour sector

Instead of searching for new particles directly produced, look for
their indirect effects to low energy processes (e.g. b-hadron

decays)
b MSSM 0 W, 5t B-B mixing
/ \ - \‘:I 7
HY/AC b L 1 S 10 q —— (W —— | -
L o 70 (‘;{QQ<§J' Bq ST By
(:\{:4 /. B\ » W
2 S —— NNNN—— -
. 5 ?}'49 N O
s u .
B, Puu B, Ddg +NP?

. .. . 1 1
General amplitude decomposition in terms 4 = 4, {cm_’ 1 6w _}

. X A”
of couplings and scales !

Fundamental tasks
— Identify new symmetries (and their breaking) beyond the SM
— Probe mass scales not accessible directly at a collider like LHC
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Other ¢.'s -

¢+ from B — pp — (KK~ (KK~ )

Candidates / (0.4850 ps)
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Dalitz analysis of B> K.t~

arXiv:1712.09320, LHCb-PAPER-2017-033, submitted to PRL

~~ L l T T 1 T I T 1 1 1 ] T
1, 220F ‘é
“;2(1)— LHCb m>
3 180F l S
% 160F v
S 140 S
= 120F <
g 100} g
j§ 80F g
- E
= 60 S
O 40F O

20

O'-l ol

0

mf(g " [GeV?/c4]

= — 0.308 = 0.060 £+ 0.011 £ 0.012
= —0.032 £ 0.047 £+ 0.016 £ 0.027
—-029 + 022+ 0.09+ 0.03
—007 £ 013+ 0.02x 0.03

028 £ 0.27x+ 0.05x 0.14

Acp(K*(892)"nT)
Acp((Km)gm™)
Acp(K3(1430)" 7 ")
Acp(K*(1680)n™)
Acp(fo(980)K7)

R. Coutinho

1 I T I l 1 1 I

LHCb

2

Mo, [GeV? 4]

First observation of CP violation
in B? — K*(892)m with ~ 6 sigma

Previous world average
A(K*(892)m) = —0.23 + 0.06
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B decays to two charm mesons

1400
LHCb-PAPER-2018-007 § )

Run | - £=3fb S B T

tree loop F: - ]

d d 3 F 5

D D~ §*% 5

T c i G

0750 5260 5280 530 530
_b— > c b X & m(D;D°) [MeV/c?]
? n “ n o g n “ n o 1400 iy D;Do

S o s

: = 1000 FoDP

ULoop level diagram expected to be suppressed S o B R

Isospin symmetry relates B° - D*D-, ?2 .

B° - D°D% and B~ - D~ D° s £
0

5240 5260 5280 5300 . 5320
m(D{D°) [MeV/c?]

(—0.4 + 0.5+ 0.5)%. 4= First measurement ever
((23+27+04)%

A (B~ — D:D"
AP (B~ — D~ D)
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X(3872) cross sections

Prompt: Described well by NLO NRQCD
assumes X(3872) is a mix x_,(2P) - (D° D°%*)
X.,(2P) dominant using production
parameters fitted to CMS data

not surprising, CMS and ATLAS consistent

ATLAS .

- p-aTLAs dets [ FONLL
20+
15; [ | Branching fraction uncertainty B

10 —

> i

3 102 E

g F— \s=8 TeV, 11.4fb"

E.- 10°F b — Non-Prompt X(3872}«

3 F ——

B 0k =—— B

E 3 —— 3

a 105- -+ ATLAS data — i

‘n;‘ .Fon.l.munoxmm) B
Branch

z 10—6;-[3 ing fraction uncertainty '

§ 10 20 30 40 50 6070

&  Non-Prompt *®2# GV

g 25¢

Q

e

Non prompt:

5t

10 20 30 40 50 6070
X(3872) p, [GeV]

R. Jones

prediction

BR not measured — used estimate

Rp =

from Artoisenet, Braaten
based on Tevatron data

T~

use the fitted kinematic template
to recalculate from FONLL {)(2S)

Prompt X®72e(Gev

+aTLAS data [l N0 NROCD

n
n

> 3 ]
102 ATLAS

% E.- \5=8 TeV, I“'b
E.. 107k Prompt X(3872)
& 10—‘; <
' E
EOf EFE=F :
.; 10° +- ATLAS data :
2 Hwowoco —
3 10°F E
o Ey i i e
§ 10 20 30 40 50 6070
&

g

Q

i

o —_

. .

D . O N
AL BARAS RAARE ARAAN RARS

10 20 30 40 506070
X(3872) p, [GeV]

[hep-ph:0911.2016]

Br(B — X(3872))Br(X(3872) — J/yn*n™)

Clearly overshoots the data:
factor of 4 to 8, increasing with pT

Br(B — ¥ (28))Br(¥(2S) —» J/untn™) =18+8%
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Upsilon sequential dissociation

PRL 120 (2018) 142301

-1
. oxe¢ FFLRGephisns Tel) PbPb 368/464 b, pp 28.0 pb’ (5.02TeV)
& E i | X | - Q.16\ 1111111 LI LU B L LN L L LI B B L
L a5 b 5, <30 Gevi CMS = [ p <0GV cmMs |+ -
Q 43 lyl <2.4 E — ; Iyl <24 Krouppa and Strickland 1
C " vy - B 4; =1
O pi>4Gevie  FOPD o 1.0 F=aces puilogal
¥ e |y [ 4 ’ . — — 3 =
535 can. 000 T 2 e
- :— -...Background “: ;: ‘P‘ " Duetal. ]
0 < : pp ‘{’.o 0-8;.- v‘-\, [/ 95% CL + :
g -= Overlaid % F N 2
S = 0.6t '\ =
— 0.4 g | - ¥ L s E
. 3 o 0.2- T
il ; ] QY ]
O'v» W PRV B TR R TR | N O I Rt (\_-’ OLJ,_L_L loa e ey ealy w1 | clasa s Ly o NALT
8 9 10 11 12 13 14 < 0 50 100 150 200 250 300 350 400
ml (GeV/C ) Npart

[0 double ratio measured to be less than 0.26 at 95% CL for the Y(3S)
O no p; dependence for the Y(2S) double ratio

G. Bruno %



Production asymmetry of D, mesons

 Pythia simulation shows a strong dependence on both p, and vy,

that is not observed in data LHCb-PAPER-2018-010
g 5F g SF g 5F
= “Efs=7&8TeV 20<y<30 = “Ef3=7&8TeV 30<y<353 = “F{3=7&8TeV 35<y<45
& 15E & 15E & 15F
= 1E < 1F |
< osE < osE < 05
0f OF~- 0
-05E —05% -05
_lf E —l;_ 3 -1
-15;* —Psmms.l‘g —152‘ -P'm-ms.l-; -15
—2F l #LHCb 3 —2F #LHCb -2
B 1 NN RN YR TR NN SR TR TN TR SN TN TSN TN SN N TN TN S S = WS VRN NN TR TR NN NN VNN SO WS SHN UHN NN T SN SN S N SN S N -
B 10 15 20 25 R 10 15 20 gs
pr[GeVl/c] ot [GeV/c]

» Results obtained in this analysis can be used to tune production
models for various event generators

 Averaging in the range 2.5 < pr(GeV/c) < 25 and
2.0 < y < 4.5 the D production asymmetry is found to
be

Ap(D$) = (—0.52 £ 0.13 (stat) + 0.10(syst))%
» Evidence for nonzero asymmetry at 3.30 level

* No dependence on kinematics observed E Ferrari o



Rare Z decays

 CMS reports the first observation of the rare
Z—>J/WYLL decay with 5.70 significance

* B[Z=>J/W€E€]/B[Z->uuuu] =0.70 £ 0.18 + 0.05
—|n agreement with theory

CMS Preliminary 359 fb" (13 TeV) CMS Preliminary 35.91b" (13 TeV)
; 3.6:Il|llllllllllIl‘l\"llllI"ll[IlTl]TlllIllll]‘lll[_ % _III'IIII'IIII['II']I"III'II‘"IIY]"IIIIVYY]IYIII-
() E i i
g 35:_ = (Lg 10 ¢ Data | .m
,134:_ = e & i mlljpp — Total )
e - o o S~ . [ signal - Zsignal | Z
;3 3 — 2 g Zsignal - wbkgd  _|
€ F oo 8 - - - Combinatorial bkgd Q)
C a L
3.2 oo E T i 3
s UD-DD ) E 6 -]
3-1:— oo Oood o - @)
- o - :
29;_ o o =1 : :
C a] o L |
- . 2r p
2.7 on -
26:1111111111ullAAn;[llllllquQlennllnlllxxlll: G- x :‘. i : oy > 7l
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mz, w il [GeV] m;., (TRt [GeV]

B(Z—J/W??) = 8-10-7 assuming BZ— 1) from PDG 97



Quarkonium Production in p+Pb: Results

» Prompt charmonium production in p; 8-40 GeV x-section compatible with NRQCD, |
bottomonium only at p; > 15 GeV

121 (8102) 82 Ord3

» Non-prompt charmonium consistent with FONLL calculations

» R-factors of prompt and non-prompt J/y consistent with unity (no p; and y* dependence)
- Weak modification of J/w production due to CNM effects

» R-factors of Y(1S) below 1 at p; < 15 GeV, compatible with 1 above; no y* dependence
- Nuclear parton distribution functions modified relative to of nucleon (nPDF shadowing)

= 107 T T3
3 o e ATLAS 3
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i SOATUUNEVIOE s RERSRNTARVIR TSRS  EODTISEIREE S IR B O .
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Associated production in ATLAS

H Arxiv 1610.07095 CMS (/s = 8 TeV, T(18) + T(15), 2010) ——
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Observation of B*2>y(2S)pK*
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» Although, there is no resonance search (yet) in the {(2S)¢$ mass
scale, the observation of B+ — {(2S)(pK+ offers future
opportunities in searches for resonances in the {(2S)¢} mass
spectrum.

0. Ozludil

First amplitude analysis from LHCb
confirms the particle(s)
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1961 ' (8 TeV)

eof CMS
+ Data

. signal yield — Total it

%44 Signal
40— 1‘.101:1.5 3 - = Background
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Entries/(25 MeV/c?)

Search for dibaryons

Observation of I\g — NIppm— decays

[arXiv:1804.09617]
Full A+7r' spectrum %2 resonance region
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e background-subtracted data using the sPlot technique

e no peak structures are observed

e the two dimensional distribution of m,+, -

any clear structure

G. Cavallero

versus my+,— does not exhibit
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Flavour at high p;
LQ toolbox

Suggested range for yj,

Single prod.

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

LHC @ 13 TeV

LOyyuqt® +he.

1F
0.50¢
k.
0.10¢
g LQ 0-05:' Scalar LQ
MadGraph5_aMCaNLO
| PDFALHC15_nlo_mc
[Doréner, AG]
71Q [TeV] ]1580507641
Pair prOd LQ MC tool at NLO QCD:

http://Ignlo.hepforge.org

A. Greljo 102




Fundamental Composite Higgs

Theorists avoid fundamental scalars. Then flavour becomes tasteless: com-
posite Higgs studied in effective theories that don't tell what H is made of.

Here: fundamental theory written adding fundamental techni-scalars. Theory:

(SM without H) +
+ (extra G17¢c = SU(N) or SO(N) or Sp(N) strong at Atc) +
+ (vector-like TCfermions F) + (T Cscalars §) + Yukawa couplings such that

(each SM fermion f=L,FE,Q,U, D)x(some TC scalar §)x(some TC fermion F)

Higgs potential SM fermion masses Flavour violations
F4 ~ H? TLFF ~ fTH i :
A. Strumia



B—> € *f- decays

Rare decays B? — (¥4~ for £ = p, T, e:

Theoretically very clean, QCD information only in fg with O(2%) precision.
Ideal to search for NP effects from scalar and pseudo-scalar particles.

Also sensitive to vector-like particles Z7, ....

B(B? — ete™) forgotten by the High Energy Physics community.
In the SM B(B? — ete~) ox m? extremely suppressed (helicity suppression).

Helicity suppression can be lifted by NP scalar and pseudoscalar particles.
B(B? — pt ™) has been measured by LHCb and CMS.

BY < B? mixing gives access to the observable A} .

. . , o . L
First pioneering determination of A, by LHCb. G. Tetlalmatzi



B—> € *f- decays

@ Using the Universal New Physics Scenario (lepton flavour independent)
we have mapped out NP bounds from B(B? — ptpu~—) on
B4y — p*p~ = small suppression in B(By — p*p~) respect to the SM.
Bs 4 — 7717~ = NP effects are suppressed by m,/m; in B(Bs g — 7777).
Bs,4 — eTe~ = potential enhancement of NP effects due to m,,/m. in B(Bs g — ete™).

— Search for B; 4 — ete~ at the LHC, a measurement would imply NP!

@ Processes Bs g — €7~ can unveil the presence of NP sources of CP violation.

This entails the interplay of the CP asymmetries: AL | S, and C,.

—> Improve the measurement of AZ’,‘. , paramount in the search for NP phases.

G. Tetlalmatzi .



Missing energy B decays at Belle Il

* Unique capabilities of Belle to study B decays with

missing energy in the final state

* Within the first two years of data taking Belle II will collect
5 to 10 ab™! and will be able to

» address the Lepton Flavour Universality Violation by precisely
measuring R(D) / R(D%)

» address the |V, | puzzle from inclusive and exclusive
semuleptonic decays

* Discovery potential also in rare processes suppressed in the

SM(B — tv,B—1vy,B— K®vv,B — uv, B — w)
M. Merola 106



LHCb charm harvest

Direct CPV Mixing + indirect CPV
AA(D°—hh) and Ag(hh): A{D—hh):
PRL 108 (2012) 111602 JHEP 1204 (2012) 129 (KK), +ycp
PLB 723 (2013) 33 Dyt —n'mt PRL 112 (2014) 041801
JHEP 07 (2014) 041 PLB 771 (2017)21 | JHEP04(2015) 043
S PRL 116 (2016) 191601 PRL 118 (2017) 261803
c;po PLB 767 (2017) 177 o T 0=
P o D' —Ks"h PRL 110 (2013) 101802 - 15t SE Obs
DO KK, JHEP 06 (2013) 112 | ppy 111 (2013) 251801
JHEP 10 (2015) 055 ~ JHEP 10 (2014) 025 | pRp 95 (2017) 052004
PRD 97 (2018) 031101
-+
D Do DK K :
& D™= n'nn PRD 84 (2011) 112008 DO K re'm
éo\‘e PLB 740 (2015) 158 JHEP 06 (2013) 112 JHEP 04 (2016) 033 (model—indep)
Df—=ntnnt: D= K rntnmt
DO KK, e PLB 728 (2014) 585 PRL 116 (2016) 241801
PLB 726 (2013) 623 (Scp)
MEP10014)005 (Todd)  Acaphth e
PLB 769 (2017) 345 (energy test) JHEP 03 (2018) 182 B S

M. Williams 7



Another anomaly popping up
from the kaon sector?

. . /
Current situation of ¢ /€ «ma, - (R‘CAO) Tk

R.CAQ
B Py e o S By R o e o o e P YR RN FE | !: | L AL :| | P T Pt o ot o U o E R
BEFL 97 | XQM b .| B~ 16, BE 09
PPS “01 | XPT —— 1 Bs/? ~16, Bg® ~09
HPR 0% ™ xPT with minimal hadronic app. ; . 1 B{/? ~3, B'f‘ 3.5
BG'15 | dual QCD gpproach ¢ ¢ ; 1 1 B/ < gB/2) <
BG lﬁ*Lat(IZQ) B + Lattice (}=2) €= —i g 4 . h o . 8‘ ’
l : : { BYP<BY <076
RBC-UKQCD 15 | + . ' lattice (1=0,2) 1 B{Y? ~ o057, B =076
BGII'15 ' 1+ proper matching with ReA0,2 and SD 1
KNT "16 r L : + proper RG eyolution il
E371(FNAL) '93 | ' . 1
NA3I(CERN) 93 |- ' - - .
NA48(CERN) 02 + —_—
KTeV((FN AL)'11 | i , | Observed values
PDG average | [ —] -
i MU (S T IS TR SN TR (NN W TN TN SN N SO N1 l: | .la | S VI T O (N (N A LY ] ! ]
-5 0 S 10 15 20 25 30
/
large N limit (convention) Re €Ex /€K X 104
(1/2) _ p(3/2) _
B/ — p@/Y —
dual QCD prediction Red, Exp. XPT dual QCD Lattice (1=0,2)
1/2 3/2 3/2 a
B < B®? <1, BE® — 0.8 (ReAz) 22.45+005 ~ 14 160+15 31.0+11.1

G. D’Ambrosio 108



