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'What are we doing here ?

l.e. which idiot decided it would be a good idea to have an after-dinner
presentation after a hard day of lectures, and when the bar is open and calling ?
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Flavour physicso mission accomplished ?

The2lstcent ur y 0 a g e-fadories # Tewairom ¢t LHED et 4l.)Bhas seen
a enormous volume of results, and corresponding increase in knowledge.
Many of the key questions in the flavour sector are (apparently) now settled.
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https://arxiv.org/abs/2212.09153
https://arxiv.org/abs/2108.09284
https://arxiv.org/abs/2103.15389

\ So, whypersevere with flavour studies ?

The big picture answer:
A The SM is incomplete;

A Many of the mysteries in the SM (& the cosmos) are related to flavour;
A Flavour observables can probe much higher mass scales than direct searches.

And some specific considerations:

A We know there are important phenomena still to be observed (e.g. mixing-
induced CPV in BY, system, mixing related CPV in charm, B°Y ¢ ¢etc.);

A Similarly, there are many important measurements that can be made,
which are unfeasible with current sample sizes (e.g. electroweak Penguin
studies with b Y d'll decays, or precise study of P.6 w i%% khe*eB;

A Avery large number of current observables are theoretically clean &/or
statistics limited, so higher precision is strongly motivated (e.g. sin2b,
9, U, Ry, Rys, BR(BO.Y € §/BR(BY ¢ 9 etc);

A Arich field where surprises are guaranteed (e.g. no one was expecting
charm mixing, direct charm CPV, the X(3872), pentaquarksé ) .
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Example of known unknowns: BF(B$ O §

Finding B%Y ¢ eand measuring the ratio BF(B°Y ¢ §/BF(B.Y € § (~ 3% in SM)
IS an essential next step in flavour studies. The ratio of BFs is theoretically
pristine, and also serves as an excellent test of Minimal Flavour Violation.
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https://arxiv.org/abs/2212.10311

Example of known unknowns: value of
CKM awith sub-degree precision

CKM paradigm drives Unitarity Triangle at leading order,
but very possible New Physics is still present. Need ever
more precise measurements of Triangle parameters.

jrd ENRT AT NERTH FAARA AT T

Excellent example is Largest CPV asymmetry ever observedi LHCb B YDK K3
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Also important to improve measurements of sin2b, G, (i.e. CPVinB.Y Jly () é
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https://arxiv.org/abs/2209.03692
https://cds.cern.ch/record/2838029

Example of known unknowns: is there
New Physics in charm mixing CPV?

CPV has been seen in the kaon and B sector in mixing-related phenomena, but
not in the D° system*, where a priori it is known to be extremely small within SM.
New Physics could enhance this. LHCbRun1-2 data have made

e.g. Improvement in mixing parameters (x,y) and CPV parameters (U, |g/p|)
from Run 1-2 LHCb DOY K% " " mixing analysis [PRL 127 (2021) 111801].
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Highly desirable to improve precision on CPV parameters by ~ order of magnitude.

* CPV has been seen in decay amplitudes (i.e. 6 d i r[RRIC1£2G2)19) 211803].
Larger samples are needed to fully characterise this phenomenon also. 9



https://arxiv.org/abs/2106.03744
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Unwise to assume ~10% Gourtesy Browder
(or even 0.1%) is 6

"A special search at Dubna was carried out by E. Okonov and
his group. They did not find a single K, = =n* == event among
600 decays into charged particles [12] (Anikira et al., JETP
1962). At that stage the search was terminated by the
administration of the Lab. The group was unlucky."

-Lev Okun "The Vacuum as Seen from Moscow"

BR (KO,Y " ")~2x103
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‘Spectroscopya O0fi el d o

No attempt to summarise prospects of future facilities in spectroscopy. From
experience of past two decades it is clear that any flavour machine will have
major capabilities in this area. We have some idea of what we hope to be able
to do, but surprises are guaranteed. Build it and they will come !

12



'Flavour - the road ahead

(approved experiments) (proposed experiments)
LHCb Upgrade | LHCb Upgrade Il
Belle 1l Belle 11+ ? FCC-ee é. -hh FCC
BESIII STCF CEPC
2020s 2030s 2040s 2070s

—
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This is a talk about colliders, so | had intended to say nothing about kaon physics.
However, it would be inappropriate not to mention the very recent news of the
demise of HIKE, the proposed successor to NA62. End of kaon physics at CERN ?

29 Nov 2022

arXiv:2211.16586v1 [hep-ex]

*Addres all cormespondence 1o hika-gbécamn. ch

HIKE, High Intensity Kaon Experiments
at the CERN SPS

Letter of Intent

The HIKE Collaboration®

One I s reminded of De

when deciding not to sign the Beatles:
groups are o

es have
Sshowbus.i

Nt he Beat |
future 1 n

But there were many record companies,
and there are not so many HEP labs.

19/03/24
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Belle Il - flavour
physics at theU(4S)

P

Future flavour at colliders
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‘ Belle |l detector

All sub-detectors upgraded from Belle, except

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

for ECL crystals and part of the barrel KLM.

innér 2 barrel layers)

EM Calorimeter:
CsI(T1), waveform sam :
Pure CsI (part of end-caps) "\

. ; =
- ; entification

pagation counter (barrel)

electrons (7GeV) 5ing Aerogel RICH (fwd)

-
Beryllium beam pipe
2cm diameter

Vertex Detector
L2 layers DEPFET + 4 la

positrons (4GeV)

Central Drift Chambe
He(50%):C2Hs(50%), small cells; iong:
lever arm, fast electronics

[P. Krizan]
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SuperKEKBand Belle Il d the story so far

Belle Il Online luminosity

Exp: 7-26 - All runs

17.5 11
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mmm Recorded Weekly

Reached world record instantaneous luminosity: 4.7 x 1034 cm2s1. Integrated
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=
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August 2022

luminosity until shutdown: 428 fbt (similar to BaBar). New run just underway !

19/03/24
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Belle Il Improved detector,
with improved methods

Factor of (>) two improvement Augment classical D* flavour tag, with
In time resolution (80-90 fs). further tags from other charm hadron.

. . D°
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Just a sqr(N) scaling from Belle ! Doubles sample size w.r.t. D* tags.
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https://arxiv.org/abs/2304.02042

‘Charm-lifetime measurements

[PRL 127 (2021) 211801]

[PRL 131 (2023) 171803]

[PRD 107 (2023) L031103]
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https://arxiv.org/abs/2206.15227
https://arxiv.org/abs/2108.03216
https://arxiv.org/abs/2108.03216
https://arxiv.org/abs/2306.00365
https://arxiv.org/abs/2208.08573

‘ SuperKEKB and Belle Il roadmap

[P. Krizan, Oct 2022]
10

T T T T T T T 50
New run underway. Accomplishments of LS1:
o - full pixel vertex detector installed;
& 8 I . partial replacement of MCP-PMTs in TOP. 1 40
% Options for interaction region and detector
1 6 | upgrades in LS2 under study. 4 30
Z Initial discussions about further upgrades —
g il underway (see BELLE2-REPORT-2023-001). | 20
[ LS2
o
g 0
E_2F 411
3 \ LS]
N\
%019 2021 2023 2025 2027 2029 2031 2033 203g

[;-ge] Ausoulwn| parelbalul
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https://docs.belle2.org/record/3930?ln=en

Flavour physics at the
LHC 90 In the near
and further future
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LHCb Run 1 & 2 detector

Magnet SciFi RICH2
Tracker

T T

il
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\ LHCDb timeline: Upgrades | and Il
|Original LHCbI
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f 9 fb! of integrated luminosity . 350
C_E;, 14 (3 fbt of which taken at 7-8 TeV, = oA 300
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> 200
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=y 100
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13 years previously

“ ~37 pb!and counting ”
selected LHCb highlights from
2010 run and future prospects

Guy Wilkinson
University of Oxford

Bad Honnef LHCb physics workshop, 26/4/11

Bad Honnef, April 2011
Guy Wilkinson 1

‘ Conclusions

+ LHCb detector performance with 2010 data excellent.

+ Even with small dataset (37 pb-'), possible to ~match previous
measurements, observe new decay modes, and make interesting studies
(full analysis chain in place for complicated analyses such as ®.)

+ LHCb’s forward acceptance, and instrumentation, gives it unique
capabilities in measurements beyond the flavour sector

+ 2011 data taking started very promisingly. Luminosity levelling working well.
Prospects for very large data set ahead with excellent NP discovery potential.

+ Important coda:

- Active work underway on LHCb upgrade
- Lol recently submitted to LHCC and physics case endorsed
- Goal to accumulate ~50 fb-!, and use full software trigger at earliest stage

See Andreas Schopper talk on Friday

Bad Honnef, Apal 2011

/

Guy Wilkinson 32
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+ Important coda:

- Active work underway on LHCb upgrade
- Lol recently submitted to LHCC and physics case endorsed
- Goal to accumulate ~50 fb-!, and use full software trigger at earliest stage

See Andreas Schopper talk on Friday

29 March 2011,
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Guy Wilkinson 32
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'LHCb Upgrade | § driving ideas

LHCb operational luminosity in Run 2 plateaued at 4 x 1032 cm2 s1,

[From CERN-LHCC-2011-001 for B

Why not go h|gher ? decays. Story for charm similar.]
-
A Radiation damage and S o8 fm onic
occupancy of detectors. e 5 R final states
. . = v
A Saturation of earliest level EhelCm 1;",’(
hardware trigger (LO) for s F Hadronic
. Q final states
hadronic final states. Ny > 1
8 05
How to get around this? T g Buyssmsne e mae e e

1 2 3 + 8
A Redesign all critical sub-detectors. Luminosity [x 10° cms™]

A Remove LO hardware trigger, and read out full detector every event
into computer farm where full software trigger can be deployed.
Removes saturation bottle neck and allows for higher luminosity.
In principle brings higher efficiency, flexibility, and systematic robustness.

Aim to raise luminosity to 2 x 1032 cm?s! and increase collected data sample
from 9 fb'! (Run 1 and 2) to ~50 fb! (Runs 3 and 4), with higher efficiency.


http://cdsweb.cern.ch/record/1333091?ln=en

‘ Audacious project, around 15 years in the planning

Implications of full software trigger Expression of Interest (2008)

¢y LHCb Run 5
1 07 LHCbRun4 .. - CERN/LHCC/2008-007
K
LHCbRun3 g ) CMS HL-LHC 22 April 2008
100 ALICERu3 &~ ATI ASHL-LHC
e |
~~ @)
©n s o _ ATLAS/CMS , m
E 10 EHEb Runt/2- & Expression of Interest P
for an LHChb Upgrade =z
ALICE pe .
104 HERAB ® |_
— ‘ The LHCh Caollaboration T
ﬁ 3 KTev CDF 11/ DZero 11 8
= 10" coppzeto ® g .
= e o
KLOE
—O l 02 . @ Abstract O
= HI/ZEUS £ Qo
< 1 .UAI .NA49 E There is a growing international understending that future flavour physies experiments will be roquired in =
m 10 — the second half of the next decade to either study the flavour structure of new particles discovered at the o
= LHC or io probe new physics at the multi-TeV seale. Here we presort an expression of interst of the LHCH ~l
. LEP g m]]sbarntmn fm an npgrade of the LHCh detector nftLT it will have CD]]LELLd a dats uam'p'll of A'hm:l ]ﬂ ! —
e e ble the he d
100 < :hlla‘l; ban;lp] :rn- 1}1-0 fo-'. Tn this l];ucnni“;uL we bmﬂy deseribe the motivation for an LI—ICI upgrade. We
then outline the RED programme necessary to evaluate the required technologies for a high huninosity LHCh
1 980 2000 2020 2040 upgrade, which must take place over the next few years.

Year
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http://cds.cern.ch/record/1100545/files/lhcc-2008-007.pdf

LHCb Upgrade | o the future is now

Superficially looks like Run 1 & 2 spectrometer, but all sub-detectors , apart from
calorimeters and muon system new, with new read-out electronics throughout.

M3
Magnet SciFi ~ RICH2 M2 o
Tracker

M4 M>

I 1
=

—

) = NORE FJII

Commissioned during 2022 and 2023. Full physics operation expected this year.
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LHCDb timeline: Upgrades| and Il

Inst. luminosity [10°? cm=2s1]

Original LHCDb |Upgrade| —> | Upgrade || —»

16
. . . e . 350
14 x5 increase in luminosity w.r.t. Run 2
X2 (or more) increase in efficiency 300
12 for many modes through removal H50)
10 of hardware trigger
200
8
6 150
4 /- (>)50 fb;I 100
2 Run5 | Run6 >0
g . " | 2 M 2 2 | .:I U
8010 2020 2030 2040
Year

Int. luminosity [fb‘l]
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\ First charm peaks from Upgrade |

Candidates / (2.50 MeV/¢?)

Candidates /(2.50 MeV/¢?)
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http://cdsweb.cern.ch/record/2859415?ln=en

Donot forget, th
experi ments at t

Inst. luminosity [10>° cm2s]

19/03/24

e
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16 350
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12 F{ cMS Phase I Upgrades N B h 150
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'ATLAS and CMS Phase Il Upgrades

In Runs 1 and 2 ATLAS and CMS have already made high quality
B-physics measurements in modes with di-muon final states.

New capabilities of experiments after Phase-Il Upgrade (CMS in particular)
will strengthen their capabilities in flavour physics

e.g. new CMS tracker e.g. CMS new L1 track trigger
GMS F'rellmmary Simulation
L "T'm Phase GeV muons|’ TrTT = LI L L LN BN LR BLBLELEL B
E. a l[!, Phase; E: :glt.}le\-'mu-::nsl#LIJ ; % g n ." o T T %
o Ph 1, 1GeV = G I o SOOo00000 ot
P el Phase 2. p! = 1 GeV muons >0 2 [* 0000 OO;‘;WE,D%MMM 5 o
o | 23 w [ 0% (0500 d v
(o) . < 5 0.8 o O()OO 1 o
10-1 i — - -en:__ D - L o QD 1 @ E<U
¥ 05 0.6 a0 {22
S AT 2 : CMIS Preliminary Simulation, Phase-2 | Al
i “'m 0.41-° —e— Single muons -1 O E
B q‘ﬂ; @) O [ —&— Single pions 1 2 T
l_ﬁ o ; S E o2k —&- Single electrons N 8 —
.. 3,&5 ug: B T ' [ L1 tracker reconstruction, <PU>=140 | '_; E
10° Ma?!\_-_ﬂﬂ E: ). S P DU FUTE DI FURTE P PV P o
o T b~ 5 10 15 20 25 30 35 40 45 50
Tl o P, [GeV/c]
4 3% 2 40 1 2 3 ﬁ‘ Could allow CMS to accumulate large
Significantly improved p resolution samples even in hadronic modes!
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B-physics prospects at the HELHC
with ATLAS and CMS

_ CMS prospects for B, Y ¢ ¢
ATLAS prospects for (s with 3 ab™ in barrel region with 3 ab.

for different trigger thresholds.

3ab'(14 TeV)
% CCMS Phase-2 + toy events
o = ) o —full PDF
600 —Simulation Preliminary Bl
T N
0.10 e |T|f| <07 %m;&n’;mrial bkg
ﬁ 500 :+- ----- semileptonic bkg
= e N - B— hu'u bkg
LI:J C === peaking bkg
400 —
0.08 -
300
LHCb 3 fb 200>,
ATLAS 19.2 fb! -
0.061CDF 9.6 fb™ 68% CL contours 100 )
= mmmmmnm amnee £ s k »
(4 log £ =1.15) D: "'::.‘i‘m\
0.1 ' ' ' 0.1 4% 5 51 52 53 54 55 56 57 58 59
5 [rad] M(up) [GeV]
[ATL-PHYS-PUB-2018-041] [CMS-PAS-FTR-18-013]

Also see recent Snowmass White Paper [ATL-PHYS-PUB-2022-018,CMS-PAS-FTR-22-001].
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https://cds.cern.ch/record/2649881
https://cds.cern.ch/record/2650545
http://cdsweb.cern.ch/record/2805993

LHCDb timeline: Upgrades | and Il

s

B '- % & (>) 300 fb-t -

X 7.5 increase in luminosity w.r.t. Run 3-4

Inst. luminosity [10*° cm2s!]

Run 5 Run 6 5

80 10 2020 2030 2040

Year

Int. luminosity [fb‘l]
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LHCb Upgrade Il

Steady progress towards plans for an Upgrade I, that will operate in Runs 5 and 6.

[
THCD &

Physics Case
for an
LHCDb Upgrade Il

LHCb
UPGRADE I

Opportunities in flavour physics,

and beyond, in the HL-LHC era Opportunities in flavour physics, and
beyond, in the HL-LHC era

Expression of Interest

[CERN-LHCC-2017-003] [CERN-LHCC-2018-027] [CERN-LHCC-2021-012]

Now part of the CERN baseline plan. Framework approved by LHCC. Work
underway on O0scoping document &, which v
scenarios to that in Framework TDR. Substantial funding already allocated in UK.
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http://cds.cern.ch/record/2244311/files/PII_EoI_final_v3.pdf
http://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf
http://cds.cern.ch/record/2636441/files/Physics_II_cases_final.pdf

'LHCb Upgrade |

Steady progress towards plans for an Upgrade I, that will operate in Runs 5 and 6.

Goal is to run in 1034 cm= s'! regime, and integrate
250+ fbt, which poses enormous detector challenges.

Require excellent radiation tolerance, higher granularity
and inclusion of precise timing information (i.e. of
resolution a few 10 ps) to be able to mitigate pileup.

This will not be easy to accomplish !

Opportunities in riavour pn SICS, AL OSSINC
=

and beyond, in the HL-LHC era Opportunities in flavour physics, and
5 beyond, in the HL-LHC era
Expression of Interest .

[CERN-LHCC-2017-003] [CERN-LHCC-2018-027] [CERN-LHCC-2021-012]

Now part of the CERN baseline plan. Framework approved by LHCC. Work
underway on O0scoping document &, which v
scenarios to that in Framework TDR. Substantial funding already allocated in UK.
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http://cds.cern.ch/record/2244311/files/PII_EoI_final_v3.pdf
http://cds.cern.ch/record/2636441/files/Physics_II_cases_final.pdf
http://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf

LHCb Upgrade Il Physics reachd the obligatory table

xsin ¢ from multibody decays -

(K37) 4.0 x 107°  (K{77m) 1.2 x 107

(K3m) 8.0 x 1076

Observable Current LHCb LHCbH 2025 Belle 11 Upgrade I1 ATLAS & CMS
EW Penguins

Ry (1 < ¢* <6GeV3ih) 0.1 [274] 0.025 0.036 0.007 -
Ry (1 < ¢* < 6GeV3ict) 0.1 [275] 0.031 0.032 0.008 -
Ry, Ry R - 0.08, 0.06, 0.18 - 0.02, 0.02, 0.05 -
CKM tests

v, with BY — DFK~ (t15)° [136] 4° - 1° —
7, all modes (T29)° [167] 1.5° 1.5° 0.35° -
sin 23, with B® — J/y K 0.04 [609] 0.011 0.005 0.003 -
hs, with BY — J /10 49 mrad [44] 14 mrad - 4 mrad 22 mrad [610]
¢s, with BY — DI D7 170 mrad [49] 35 mrad - 9 mrad -
#3555, with B — ¢o 154 mrad [94] 39 mrad - 11 mrad  Under study [611]
al) 33 x 1071 [211] 10 x 1071 - 3 %1071 -
Vo |/ |Ves 6% [201] 3% 1% 1% —
B, B —ptp~

B(BY — utp=)/B(BY — ptpu) 90% [264] 34% - 10% 21% [612]
TBO sty 22% [264] 8% - 2% -
S - - - 0.2 -
b — ¢~ LUV studies

R(D*) 0.026 (215,217 0.0072 0.005 0.002 -
R(J/v) 0.24 [220] 0.071 - 0.02 -
Charm

AAcp(KK — 7r) 8.5 x 1071 [613] 1.7 x 1071 5.4 x 1074 3.0 x 1075 -
Ar (R xsing) 2.8 x 1071 [240] 4.3 x 1077 3.5 x 1071 1.0 x 1077 -
rsing from DY — K7~ 13 x 1074 [228] 3.2 x 1074 4.6 x 1074 8.0 x 107° -
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‘ Upgrade-1l physics highlights

Too much to cover T here are a few examples:

o determination: CPV in charm High precision

sub-degree precision down to 10 spectroscopy studies

w 01671 T ‘ T ‘ T ‘ ' = L B T L R
Q= [ l6Gszsh? [ ]GLWADS ST [ HChH- ¢ ] HFLAY World Average 2017 : [ LHCb 4 LHCh3 v
- - JADS 300b ! - 02 oriG average S 0.2 H oo
0.14|-[]6Gsz 3000 [] GLW/ADS 300 - " L 300/ f [ Mﬁ + _Bm{\%glm :
0.12F - 0.1 0: Ty sy = 172 MeV :
0.1f -0 i ]
L -02f i -
0.08 - - =01 I | ]
i : 70_4; i i
006 - c‘:n?\r‘lua l‘mc‘l \\‘J: 5:55'0'( LI . -0.2 ‘ | contou | g‘; C I : | | '_+_ | :

0 20 40 60 80 ) 1[(35 085 0. ‘ YR —

Re Ay 50

Two key points:

A Many key theoretically clean observables will remain statistics limited even
after Upgrade | (e.g. 9, (g, sin2b, Ry and friends, B(B°Y ¢ §/B(B.Y € § é

A Also, will be able to access new observables e.g. angular studies of b Y d*e-.

This will enable great advances in CPV tests, and will give an almost doubling of
the New Physics mass scale (w.r.t. start of HL-LHC era) to which we are sensitive.
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Evolution of constraints on Unitarity Triangle

UT plotted using constraints from LHCb alone (+ lattice QCD): 2018 status

0.7 | I_ I I I 1 1 1 I 1 1 ]
= | b =
06 =% : | fitter _—
R S - | LHCb 2018 —
C © sin 23 | & Amg .
|« . _
0.5 © I —
- e | —
— (1] 1 —
I e ]
— |9 I ]
0.4 |- E 7 —
I= k) -
0.3 — i —
[ | _]
0.2 ! —
: ~
0.1 i —
0-0 1 I [ 1 1 L I 1 1 1 1 I [ I -
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
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Evolution of constraints on Unitarity Triangle

UT plotted using constraints from LHCb alone (+ lattice QCD): start of HL-LHC

0.7 1 I I
L | | | ! ' | ! | ! ! —
= 5 ! el
0.6 —\,\ ! fitter
T E B 23 ! g & Am, LHCb 23/ =
~ |8 ! -
0.5 © : —
- ﬂ‘_J —
— 13 7
0.4 —3 —]
13 _
1= — |3 : -
0.3 : ]
1 —
: o -
0.2 I 7
1 —
1 —f
: IVubI —]
0.1 - —]
1 —}
1 —
0-0 L 1 1 I I 1 1 1 1 1 I I ~
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
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Evolution of constraints on Unitarity Triangle

UT plotted using constraints from LHCb alone (+ lattice QCD): after Upgrade Il

0.7 1 ] 1 I

0.6

=3
N
==

0.5

0.4
1=
0.3

excluded area has CL > 0.95

IIII|IIII|IIII|IIII|/I/III

0.2

0.1

0-0 1 1 1 I 1 1 1

o

Qo

>

3 _

IVublll

1 1 1
| fitter

LHCb 300/fb

-0.4 -0.2

0.0 0.2 0.4 0.6

P

0.8
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Physics opportunities
at and near charm
threshold
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'BESIII status and prospects

Open charm programme to date based on:

A 8 fblat3770 MeV

A 0.5 fb! at 4409 MeV
A 3.2fblat4178 MeV
A 0.6 fbl at 4600 MeV

Recently data set augmented by:
A 3.8 fb'l above 4600 MeV
Future running possibilities in coming years

discussed in [arxiv:1912.05983]. Data taking will
Solenoid likely continue for much of this decade.

Barrel

More data taking at 3770 MeV has been
ongoing, and has now concluded with total
sample of 20 fb.

Detector upgrades foreseen (new inner drift chamber), also for BEPCII.

Future flavour at colliders
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https://arxiv.org/abs/1912.05983

Threshold physics is (almost) background free

Until now, samples at threshold have been modest compared to B factories and
LHCDb, but the extremely clean environment, enhanced by the ability to perform
double-tag analyses have allowed for some very competitive and unigue results.

Competitive [PRD 104 (2021) 052009]

Unique [PRD 105 (2022) L071102]

240
220F
3ok
180F
160 F
140
120F

PHYSICAL REVIEW D 105, L071102 (2022)

Search for the decay D* — z%0

collision sample
Vs =373

ensure the r

Number of events/0.02 (GeV/c?)?
3
T

0 R T o T P T L Tt
02 015 01 005 0 005 01 015 02 1%00 1920 1940 196

_A_A_I_A_‘.‘._'!.I R
0 1980 2000 2020

M GV D ) (MeV?) Such results will become ever more
Missing mass squared, Invariant mass interesting with the growing data sets.
signal side tag side
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https://arxiv.org/abs/2112.14236
https://arxiv.org/abs/2102.11734

Super Tau Charm Factory

2032-2047

Proposed facility in Heifei China that would be
begin early 2030s. [physics CDR: arXiv:2303.15790]

Peak lumi of 0.5 x 103° cm-2s-t in first phase, with E,, spanning 2-7 GeV.
Possible second phase with higher luminosity and polarized electron beam.

-~

10~ = G, — R7R6R.5% nb P AR T == 5 - I ARE A

— = oy 73475.73 |‘|h 3 1:*-[- » 73

g P [~ = 22.70 ..hi £ :

g2 N ,

Ef o ) |

T E I\ 3 Wowww 000000

IQI -::: : / \Nﬁ P i T ..A.I-LJA.L-(-‘ ;’-lL. L £ Vi H}iiih*Nlrw g k -

+ |& 1 4 &

| 1 E / ’ - Not yet explored

] E o Bl rekerus v L sEsin BE: z% PLUTO
B PQE Dy and y's F KEDR MA R ,:% Crystsl Ball
10" L— 1 ! I #=y & L ; §~.~—r—
1 2 3 4 s 6 7
Vs (GeV)
- : + New XYZ particle
Nucleon/Hadron form factors Slit] spechi=copy « XYZ particles L . .
+ Y(2175) resonance ) - . . IRCEIeC AT BEIRAHUAR
) ; . Gluonic and exotic * Physics with D mesons < Multiduark state
« Mutltiquark states with s Foand’ q
quark Sy p 2N Tos + Di-charmonium state
» Rare and forbidden decays * D,-D, mixin =
« MLLA/LPHD and QCD sum S Y 051 3 Charm baryons
* Physics with = lepton * Charm baryons « Hadron fragmentation

rule predictions
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https://arxiv.org/abs/2303.15790

\ Super Tau Charm Factory (STCF)

[physics CDR: arXiv:2303.15790]

Higher luminosity & longer running
ti me per year

Capable of integrating ~1 ab1/ yr,
corresponding to annual samples of
e.g. 4 x 10° DO, D*, 108 D, mesons.

Charm & tau data sets are approaching
target samples at Belle II, and are cleaner,

which is promising for e.g. FCNC searches.

No boost, so no time-dependent CPV
measurements, but interesting time
integrated options in C-even systems,
e.g. DDbar* Ys(DDbar), where mixing
effects enhanced. Complementary to
studies at Belle Il and LHCb Upgrade |I.

Y B E S I CME (GeV)

Lumi (ab™") Samples o(nb) No. of Events Remarks
3.097 1 Iy 3400 34x10™
3.670 1 T 24 24x%10°
¥(3686) 640 64 % 101
3.686 1 T 25 25% 10°
U(3686) — 1~ 2.0x 10°
D"D" 3.6 3.6x 10°
DD 28 28x 10°
3770 1 p°po 7.9% 108 Single tag
DD 5.5% 108 Single tag
T 29 29x% 10°
DDV + e 4.0 14x 107 CPpopyn = +
4,009 i DR +cc 4.0 2.6x 10° CPryopy = —
’ DDy 0.20 20x% 10°
T 35 3.5%10°
DD +ce. 0.90 9.0 10°F
4.180 1 DD +c.c. 1.3 % 10° Single tag
T 3.6 3.6% 10°
i a 0.083 8.5 107
4.230 1 T 3.6 3.6% 10°
yX(3872)
(3686)r 1™ 0.058 58x 10
4360 ] - 35 | 35x10°
(3686)r 1~ 0.040 40x 107
4420 : T 35 3.5%10°
(3686)r 1~ 0.033 33x 107
4630 | Ak 056 | S6x10°
Ache 6.4x% 107 Single tag
T 34 34x10°
4.0-7.0 3 300-point scan with 10 MeV steps, 1 fb~'/point
>5 2-7 Several ab™! of high-energy data, details dependent on scan results
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https://arxiv.org/abs/2303.15790

'STCF unigue opportunitieso
search for CPV In hyperon decay

CPV in baryon system has still not been observed (surely it will for b-baryons in
LHC Run 3 ?27277?7). This phenomenon can b
Into quantum-correlated hyperon-antinyperon pairs, as demonstrated at BESIII.

An observable in J/JQY s tar CPV asymmetry in For further studies
production sensitive to polarization J/QY s barproduction wi t h sxXdbs a@redk
0.2 LA B B R B R B R IR g
yo m ooe S Nature 606 (2022) 64
. 0‘;-;% s E CNTRS5 : 5 PRL 129 (2022) 131801
%< PE DM2 f.?
g o I :_._ S PRD103(2023) L011101
-0.1F A BES N : ;
—0-152— ML‘M e BESIII 1.3 billion J/y L 5 and, for a review:
] . | .
- N Besutononsy 8| @ g, Bull. 67 (2022) 1840
55 05 6 05 1 025 02 015 01 0.05 0 005 01 015 ‘=
cos8, Acp

These studies were made 3(3686) ddcdys. tHoweven o
Ayou never have e(steve @bken) &STCF effere +1102 mare.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L011101
https://www.nature.com/articles/s41586-022-04624-1
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801
https://www.sciencedirect.com/science/article/abs/pii/S2095927322003577?via%3Dihub

'STCF unigue opportunitieso
search for CPV In hyperon decay

With STCF event yields can

approach level of effects expected 0_04: ¢ BESII __0_04
in SM for CPV observables M | _
(1047 107°), and test BSM models. 0.03 BBSM J0.03 8
i ] o
(Note that because of presence of 0.02 H0.02 =
both S and P waves in decay, BSM ; ] 2
effects in hyperons may be different 0.01+ 1001 ’g
than in kaon mixing and decays.) : ] N
0.00+ }—- —m _I {000 [Z
Accelerator tricks, such as longitudinal i | 5
polarization and monochromotization, % Agp £, {-001 =
considered for second phase of STCF, i ]
: . . —0.02+ Ep—E5 =002
can increase sensitivity still further. - 1 ;
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https://www.sciencedirect.com/science/article/abs/pii/S2095927322003577?via%3Dihub

STCF unique opportunitieso
super-precise strongphase measurements

Measurement of CKM angle 2 (and charm-mixing studies) at LHCb and Belle Il
require knowledge of CP-conserving strong phases in D decays, e.g. DY K~ .

Binned Dalitzp | ot of”" . Ne¥K Best (and almost only) place to access
to know strong phase in each region. this strong-phase information
‘*\: U il E IS at charm threshold, CP eigenstate,
= E  ie. BESII (now) e.g. K'K
S, =
NSI é

& STCF (future). D ."
By tagging one ’ ~
meson in CP D

eigenstate, the Kere're
other meson is fixed to be of opposite CP,
which gives access to strong-phase info.

[S°]

|
+ [ =) ~ [e’¢)

05 1 15 2 25
m? [GeV?*/c?]
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STCF unique opportunitieso
super-precise strongphase measurements

Measurement of CKM angle 2 (and charm-mixing studies) at LHCb and Belle Il
require knowledge of CP-conserving strong phases in D decays, e.g. DY K~ .

Binned Dalitzp | ot of . Ne¥K This has been done at BESIII, & is a vital
to know strong phase in each region. input to current LHCbo  det er mi na

. ) =
3 -8 8 p= ] .
N> = re) F R U
[5} =) = C 5 *6 Py
<) i ; A0S E
S B 2 3 Points are model 7 =2
of f_-;_ oL predictions )
| 3 o . \Y Errorbarsare {‘F Q
i S osl measurements 8 S
- 4 s ~
1.5: 2 +%3 §
: 2 : S
8 R R e
i < Cosine of strong phase > in bin i
0.5F : . .
0 TS But will need to be done much better in
m2 [GeV¥/c*] future, hence role of STCF will be crucial.
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https://arxiv.org/abs/2003.00091

Go Big or Go Homeod
flavour at the FCC

-
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‘ The Future Circular Collider (FCC)

Geneve
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CEPC in China

'FCC-ee baseline run plan  aveysimiar

machine

FCC-ee will perform Higgs studies at 240 GeV, but do much, much more.

= 10°E | 6 x 10127 | —
(72} — Z (88-94 GeV) ® FCC-ee (4 IPs) -
N-E - deCZlyS over o FCCee(2IPs)
<
© 2
— 107 g NN WW (157-188 Gevy T =
= - .
= - -
O i 2.4 X 10° WwW H (240 GeV) |
= pairs over
10 .:_ ..... D NJAA G T ottt _:
3 - 2 years it (350 GeV) =
- SNy gi(sss GeV) ]
Summed over [ LT R
available IPs ¢ e CnearviggsFactons g
1 :_ ............................................................. \-(HQ@_eV]__,_-"‘-" ............ _:
- | | | === = =~ | | -
100 150 200 250 300 350 400
Vs [GeV]

The enormous luminosities at the Z and WW threshold offer remarkable
prospects for precision EW studies and also for explorations in heavy flavour.
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'FCC-ee as a flavour factory

In flavour physics, in comparison with Belle Il and the LHC, FCC-ee will have almost
the best of both worlds - although missing out on the entangled signal-only initial
state of the B factories, and the eye-wateringly large cross section at the LHC.

Attribute T(4S) pp Z°
All hadron species v 7
High boost v
Enormous production cross-section v
Negligible trigger losses v
v

Low backgrounds
Initial energy constraint

NSNS

()

In crude terms, the event yields will be one order of magnitude higher than those
hoped for at Belle Il with 50 ab-! (trigger prevents no general comparison with LHCD).

+

Particle species B BY BY A, Bf @ 7177
Yield (x10%) 310 310 75 65 1.5 600 170

If the detectors have the right characteristics, then great physics can be done over
all areas. But in which measurements can FCC-ee be truly transformative ?
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‘ (Some) transformative measurements

In flavour at FCGee

Leptonic and semi-leptonic decays
BY K3 3B.Y « 3 $JHEP 01 (2024) 144]

/"
.

Wows¥ axis

K “ ..,50

also B.Y U 3JHEP 2021 133]

CPV mixing asymmetries

g— l:—' 'T' Standard Model - ;Ll ] ' FCC-ee can
T T B
o (N : approach
LB 2 : SM values of
b : % ) both as, and ad,,.
- E LHCb D®jpvX . %
[ 2 DO DMuvX [
-3 2 BaBar D'lv :
e BaBar I —_—
_ Belle /I
-4 | :
-3 -2 -1 0

Measurements of CKM elements

) Progress on unltarlty trlangle needs

= iImprovement on V., especially.
Here tagged W jets look promising.

0.2
| \'
0.1 :
H B
o_o..o.‘l.....l (o i ) oo
-0.4 -0.2 0.0 0.2 0.6 0.8 1.0
[}
Canonical Tau Lepton Universality test
HFLAV 2022 in yellow, FCC estimates in blue
and
0.17851 ﬂaVOUI’-
violating
T
v
& 0.17804 SM prediction decays
m, (9 ppm, STCF|
SM prediction
m, [68 ppm, PDG 2022]
0.1775
290.0 200.4 290.8
T[fs]
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https://arxiv.org/abs/2105.13330
https://arxiv.org/abs/2309.11353

FCC-ee the systematic challenge

Enormous event yields will demand corresponding systematic control,

and much thought is already being given to this, e.g. tau lifetime.

20000 A
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T, uncertainty
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Belle Il
<
FCC-ee{Z) CDR
e |
-
FCC-ee{Z) A.L. 2020
looking

FCC-ee(Z) A.L. Krakow 2023

promising ! ‘N

FCC-ee(Z) A.L. London 2023

A Ak

FCC-ee(Z) stat. 3v3 prong
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https://indico.cern.ch/event/1202105/contributions/5396845/attachments/2661200/4626683/alusiani-fcc-london-jun23.pdf

Taking a closer look sometimes makes clear how
demanding some of these measurements are

This used to be the poster child of FCC-ee flavour physics

19/03/24

 BOV K 60

signal

120

100

(00]
o

Events / (0.02 GeV/c?)
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1N
o

20
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Taking a closer look sometimes makes clear how
demanding some of these measurements are

Including more realistic backgrounds, and reconstruction, but taking
a less idealistic performance for the vertex resolutions.

Invariant B0 mass with sel solutions and natural number of event

600 b PV (3.0pm, 0.0238pm, 3.0pm) & SV & TV (20000m, 3.0p0m) :i
1 =
Probability to identify a 7 = (.80 a
] o
] call _
;—H:}UU J Il G K nD.cD.I:D. — TV r 5
=™ o "k p——
= ] mm By — KD.D D, — rran’) =
= 1 N B, KDore(D, — T ;
- 400+ B B, — K*'D.D,(D, — nrarz") =
= ] B B, — K*'D!D,(D: = D, D, — rv) (%
E'3[][]: B B, — K'D.D.D, — rv, D, = anan") Tn
%‘ 1 B B, KDiru(D’ = Dy, D, — nrans?) 8
= 1 B B, — K''D.D.(D; = 11, D, = aranz")
g 200 e B, — K*'D:D,(D: - Dy, D, — moan’z") c%
= 1 LT ()
2] ' : =
1 + sig + bkp's
100 N
o
N
1<
{0 - S e S f
4.6 4.5 5.0 5.2 0.4 5.6 5.8 6.0

m(K*[3x|,[3x],) [GeV /e

Tougher, but by no means impossible. And real data always brings smart ideas.
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https://indico.cern.ch/event/1202105/contributions/5396842/attachments/2661513/4610846/Talk_FCC_London.pdf

‘Fige-year feasibility study

Four-and-a-bit

~700 page Midterm Report
submitted late last year

Future Circular Collider
Midterm Report

February 2024 *

Edited by:

B. Auchmann, W. Bartmann, M. Benedikt, J.P. Burnet, P. Craievich,
M. Giovannoesi, C. Grojean, J. Gutleber, K. Hanke, P. Janot, M. Mangano,
J. Osbome, J. Poole, T. Raubenheimer, T. Watson, F. Zimmermann

This project has received funding under the European Union’s
- Horizon 2020 research and innovation programme under grant
agreernent No 051754,

This document has been produced by the organisations participating in the
FCC fessibility study. The studies and technical concepts presented here

do not rep of any of CERN ember

exten
The n TIT T v Study reflects work in progress
and should therefore not be propagated to people who do not have direct
access to this document.

Reviewed by a Scientific Advisory Committee
& a Cost Review Panel. Feedback very positive.

nThe SPC would |1 ke

FCC Feasibility Study team for successfully

producing its Midterm Report, which
substantially satisfies the designated

t

0

del i verables specified

Hugh Montgomery, SPC Chair, Feb 2024

One immediate consequence: end-date of
Feasibility Study brought forward, with Final
Report now scheduled for early 2025.

* Date of version released to CERN Users
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‘Countdown to physics .Zexsr==,.

currently under discussion)

L FCC-ee physics run J

2047 — —2047
2046 — 2046

Start accelerator commissioning B Start detector commissioning
2044 — 2044
2043 — 2043
2042 - 2042

End of HL-LHC operation - Start detector installation
Start accelerator installation B 2040
2039 - 2039
2038 — 2038
2037 - 2037
Start accelerator component production - Start detector component production

Technical design & prototyping completed - > —_— Four detector TDRs completed

2033 - 2033

Ground-breaking and start civil engineering

Start engineering design Detector CDRs (>4) submitted to FC3

Completion of HL-LHC upgrade: more detector experts available
FC3 formation, call for CDRs, collaboration forming

Completion of HL-LHC: more ATS personnel available
FCC Approval, R&D, start prototyping

European Strategy Update - - European Strategy Update

FCC Feasibility Study Report Detector Eol submission by the community

FCC-ee Detectors
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‘The further future (~2070): FCGhh

ESPPU: fEurope, together with its international partners, should investigate the
technical and financial feasibility of a future hadron collider at CERN with a
centreof-mass energy of at least 100 TeNd with an electrospositron Higgs
and electroweak factory as a possible first stdyé

FCC-hh will be such a machine, with the aim to collect 20 ab-! per (general
purpose) detector over a 25 year period, operating up to 3 x 103° cm=?s-1,

Two 6gener al
detectorso,
possibility of two
interaction points
for more specialised A e
detectors, a la LHC (S

Extreme challenges include: need for 16 T dipole fields, very high radiation levels,
pileup up to 1000, and huge data processing / storing requirements.
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'FCC-hh: the infinity machine

~30 ab! at 100 TeV provides astounding physics reach. Jewel in the crown:

precision study of the Higgs potential, with self-coupling measured to 3.4 1 7.8%.

FCC-hh s:mulatlon (Delphes)

o a 12 i \ T ]
™ [( "SRR S | ceeeess Combined (stat onl 1 I I
S| 5 [ @-rwomey el | Remarkable direct-search potential
g 0 CF tesowr i | .
S oL =" 4 e.g. certain heavy resonances
N E : i .
S : g accessible up to beyond 30 TeV
@) i ]
4 4k - FCC-hh / HE-LHC Simulation (Delphes)
c * s T T T T T T T T T T T T T T T T | T T T T
5. -.’E: 100 TeV -
L Is =27 TeV
Zie, —tt 5 o Discovery
Vs =100 TeV - 4 b
Vs =27 TeV 25ab’
Higgs@FC WG September 2015 Ly — tt 15 ab™
di-Higgs  single-Higgs e -1
HLAHO mwe e f5 = 100mev A 10055
. ! Vs =27 Tev
HE-LHC Fo Gy 2WW
Vs =100 Tev -
FCC-ee/eh/hh iy Vs =27 TeV
FCC-ce under HH threshold Z‘SSM —3 l+l_
DRTTITTTTN G S——_—_— s = 100 Tev _
LG Vs =27 TeV
| gy 2 TT
CEPC | = 1’3: 100 TeV ml
cLIC [ [ e Ys=27TeY | | 1) ) | L L1 L1 [
R Y [ L Pl s o 0 10 20 30 40 50
0 10 20 30 40 50 [

68% CL bounds on «, [%] Mass scale [TeV]
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'FCC-hh: the infinity machine

~30 ab! at 100 TeV provides astounding physics reach. Jewel in the crown:
precision study of the Higgs potential, with self-coupling measured to 3.4 1 7.8%.

- FCC hh s:mulatlon (Delphes)

LT Comb ined (stat onl |y,-5

= :E=103T9\v / / E Remarkable direct-search potential

=

Already foreseen that this machine will have interaction
points for specialised experiments, e.g. LHCb++.

Eur. Phys. C 80 (2020) 1030

The gains in physics hoped for at such an experiment will
come not just from the increase in cross section and luminosity,
but also from the presumed strides forward in detector and
computing technology between now and ~2070.

HL-|
HE uzs% LIRS LA LA ;
. fs = 100 Tev R
FCC-eelehvhh Fox
......................... DFSCBE;‘“ s =27 Ti\.r
24% _
FCC-ee | [ g Zism 211
LG P S s = 27 TeV
[ ILC,
Sﬁi‘" Lyy 2 TT
under HH threshold 20 =
49% — _
CEPC ! Fjeerc {5 =100 Tev e
I —_
CLIC o Do vs=27TeV | | ) 4 | L1 L1 L1 L1
R Y [ L Pl s o 0 10 20 30 40 50
0 10 20 30 40 50 [

68% CL bounds on K3 [%]  Aitotwe cotiders combined ‘:Hh HL-LHC Mass Scale [Te\q


https://link.springer.com/article/10.1140/epjc/s10052-020-08595-3

Accept no alternatives

Some commentators advocate a strategy of a linear collider for
Higgs studies followed by a muon collider for the high-energy frontier.

This approach has many drawbacks IMO. For flavour physics it would be a disaster.
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Conclusions

In the first two decades of this century flavour
physics has undergone a period of super-inflation,
with enormous progress in our knowledge of

the beauty and charm sectors, in particular.

Although this period has brought a wealth of
intriguing results, it has not yet brought any clear
sign of New Physicsé

Ve

énil desperandum ! The goal s of f 1l av
motivated as ever (big questions, sensitivity to high mass scales, important
observables that are theoretically clean, or just need more statistics to access).

There are many exciting flavour physics projects ongoing, and proposed for the
near, nearish and further future. This is surely something worth drinking to !
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A closer look at charm: Projected yields in CPV
benchmark modes

Consider three benchmark modes and scale from published numbers.

rokz T °%ZzZ r © 5z Z
BaBar/Belle 11.5k 1.0ab?! [1] 126k 0.5ab?! [3] 1.2M 0.9 ab?! [5]
LHCDb 722k 5.0fbl [2] 566k 2.0fbt [4] 30.6M 54fb! [6]
Belle Il 225k 50 ab* 13M 50 ab! 67/M 50 ab!
LHCb Ul 25M 50 fb! 44M 50 fb! 540M 50 fb!
LHCb Ul 170M 300 fb? 291M 300 fb? 3,370M 300 fb?
Belle II: assume same reconstruction efficiency as Belle (rather unfair)

LHCb wupgr ade s :.y) cmweslfrem Rumol, andifciEease of
two in trigger efficiency for Upgrades (crude aspiration)

[1] Belle, PRL 112 (2014) 111801 [3] BaBar, PRD 93 (2016) 112014  [5] Belle, PRD 89 (2014) 091103
[2] LHCb, PRD 97 (2018) 031101 [4] LHCb, PRL 122 (2019) 231802 [6] LHCb, PRL 127 (2011) 11181



https://arxiv.org/abs/1401.3402
https://arxiv.org/abs/1604.00857
https://arxiv.org/abs/1404.2412
https://arxiv.org/abs/1712.03220
https://arxiv.org/abs/1903.03074
https://arxiv.org/abs/2106.03744
https://arxiv.org/abs/1401.3402
https://arxiv.org/abs/1712.03220
https://arxiv.org/abs/1604.00857
https://arxiv.org/abs/1903.03074
https://arxiv.org/abs/1404.2412
https://arxiv.org/abs/2106.03744

m: projected yields in CPV
" benchmark modes

Consider three benchmark modes and scale from published numbers.

A closer look at char

e} & o= — — ol
T . Comparing these, we deduce it 4 4

BaBar/Belle 11.5k  1.0ab* [1] will be a long road for Belle Ilto  [@0™ [3]

LHCDb 722k 5.0fbt|[2] [confirm the L HEDY &5 ul
, (Acp(KK) will probably come first ?)

Belle 1l 225k 50 ab' 13M 50 ab! 67/M 50 ab!

LHCb Ul 25M 50 fb! 44M 50 fb! 540M 50 fb!

LHCb Ul 170M 300 fb? 291M 300 fb? 3,370M 300 fb?
Belle II: assume same reconstruction efficiency as Belle (rather unfair)

LHCb wupgr ade s :.y) cmweslfrem Rumol, andifciEease of
two in trigger efficiency for Upgrades (crude aspiration)

[1] Belle, PRL 112 (2014) 111801 [3] BaBar, PRD 93 (2016) 112014  [5] Belle, PRD 89 (2014) 091103
[2] LHCb, PRD 97 (2018) 031101 [4] LHCb, PRL 122 (2019) 231802 [6] LHCb, PRL 127 (2011) 111801
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A closer look at charm: Projected yields in CPV
benchmark modes

Consider three benchmark modes and scale from published numbers.

ro bz r°zzz r° Nz 2z
DaoaDaov/Dalla 14 _LCl. 1.0 okbL-1_ 141 4 aYad W} O olk-1_ 191 1204 00 olk-1_ 11
Opens up exciting possibilities for charm at Belle Il. In particular, direct CPV
searches in Belle Il flagship channels, e.g. © = "9, KsKg will be of great interest.
Belle 1l 225k 50 ab' 13M 50 ab! 67/M 50 ab!
LHCb Ul 25M 50 fb! 44M 50 fb! 540M 50 fb!
LHCb Ul 170M 300 fb? 291M 300 fb? 3,370M 300 fb?
Belle II: assume same reconstruction efficiency as Belle (rather unfair)

LHCb wupgr ade s :.y) cmweslfrem Rumol, andifciEease of
two in trigger efficiency for Upgrades (crude aspiration)

[1] Belle, PRL 112 (2014) 111801 [3] BaBar, PRD 93 (2016) 112014  [5] Belle, PRD 89 (2014) 091103
[2] LHCb, PRD 97 (2018) 031101 [4] LHCb, PRL 122 (2019) 231802 [6] LHCb, PRL 127 (2011) 111801
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A closer look at charm: Projected yields in CPV
henchmark modes

From LHCC-2021-012 :

additional modes such as D? — K¥rfrtr— . With the precision on |¢/p| and ¢p reaching
0.0020 and 0.15°, respectively, with 300 fb~!, LHCb Upgrade II is the only planned facility with
a realistic possibility of observing C'P-violating phenomena in charm mixing.

B{ (Current precision [JHEP 12 (2021) 141] from combined D and B fit is
LK T8t p gn |g/p| and P&t on %o § Theorists, please give us a prediction !

Belle Il
LHCb Ul
LHCb UII

Belle II:
LHCD

225k soapt M 13m

25M 50 fbt
170M 300 fbt

44M
291M

50 abt? \ 67M 50 abt?

50 fbt
300 fbt

540M 50 fbt
3,370M 300 fbt

assume same reconstruction efficiency as Belle (rather unfair)
upgr ades g, cmmeslfren Rurml;, andifciEase of
two in trigger efficiency for Upgrades (crude aspiration)

[1] Belle, PRL 112 (2014) 111801

[2] LHCb, PRD 97 (2018) 031101

[3] BaBar, PRD 93 (2016) 112014

[4] LHCb, PRL 122 (2019) 231802

[5] Belle, PRD 89 (2014) 091103
[6] LHCb, PRL 127 (2011) 111801
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'High yields requires exquisite
systematic control

Can LHCD control its systematics to match the tiny statistical uncertainties ? So far,
yes | Key uncertainties are small by definition (gpAp), or set by control channels.

When determining A-p(KK), measurement of CP asymmetries in control channels
gives access to necessary
nuisance asymmetries.

::>

(K~n%) ~ Ap(D*") — Ap(K™) + Ap(n*) + Ap(7gh,).
(K 7T+?T+) ~ AP(D+) — AD(K+) + AD(‘J‘T ) + AD(’?T2 )
A(K7%) = Ap(DT) + A(K®) + Ap(7™),
(
(

o

A ¢W+) ~ AP(D+) + AD( )
A(K°K™*) ~ Ap(DF) + A(K®) + Ap(K™).

Using a suitable combination
of above, and raw A-p(KK) yields

Reflects control

channel yields [arXiv:2209.03179]
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