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perfectly temperature-adjusted
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Conference

with a beautiful song
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Siegen

- Named after the river Sieg %9
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Waril oo u’QUb
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RPN Angrivari

- ...which is not named after the % i
German word “Sieg” /zi:k/ = victory N

* |Instead, it stems from “Sicambri” f o
(also “Sugambri”), a Germanic tribe £ \
(with Celtic associations - they had £ _ Marcomanni

names like Baetorix, Deudorix,...) r s
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Sicambri

« When Caesar defeated the Eburones,
he invited all of the peoples that were
interested to destroy the remainder. £
The Sicambri responded to Caesar's '
call. They took large amounts of
cattle, slaves and plunder.

2

=D Langmbards
-w-\-’,;m ouby,

Angrivari

\ her% emnones

« Caesar commented that "these men
are born for war and raids". "No
swamp or marsh will stop them®.

- After the raid on the Eburones they
moved on against the Romans.

« Charming.
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Sicambrian spirit in Siegen
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Sicambrian spirit in Siegen

Alexey: “Its a sign of an engaging talk if audience
members fight with each other”
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Sicambrian spirit in Siegen

Alexey: “Its a sign of an engaging talk if audience
members fight with each other”

Blazenka: “Do not kill the messenger, kill Alex Lenz”
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Sicambrian spirit in Siegen

Alexey: “Its a sign of an engaging talk if audience
members fight with each other”

Blazenka: “Do not kill the messenger, kill Alex Lenz”

Every session chair:
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Facllites

Tara Nanyt Petric

 T—

——
Charm factory B factory Hadron collider

® Lowest statistics * Low statistics ¢ High statistics

* No boost e Low boost e High boost

* Quantum coherence e Good for neutrals and neutrinos e Challenging for neutrals and

* Inclusive charm, neutrals and neutrinos e (Some) absolute branching neutrinos

® Absolute branching fractions fractions e Complex and biasing triggers

ete” - DOYDO) ete™ — cC pp — cC +
e*e™ — w(3770) - DD + some other lots of other
stuff Stuff
BES Il

STCF in the BELLE- LHCb
future
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Flavour tagging
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From LHCb’s discovery of CPV in charm,
PRL 122 (2019) 21, 211803
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https://inspirehep.net/literature/1726338

Marco Starig

| —

—

Flavour tagging: Opposite Side D tagging @ BELLE-I

BELLE Il: PRD 107, 112010 (2023)

ete™ = c¢ = D + rest of event

10 x10°
~N ——- untagged
S r>0. Bellell
“rest of event” Tos| - rison [
—— D™ tagged i |
analysed by S os)
neural net which g |
returns tag and &7
estimated dilution 2oz}
S | I L o
0.0 I R S S e
1.82 1.84 1.86 1.88 1.90
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M(K~n*) [GeV/c?]
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https://inspirehep.net/literature/2649274

CP Violation

Charm

Beauty
THE MIRRIR BiD NOT S&£€M o

The mirror seemed to be
operating rather annoyingly
well
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Eva Gersapecy.

Discovery of CP violation in Charm in 2019 ™

3 3
~ f-lQ ——— ~ 2200 LHCb: PRL 122 (2019) 211803
< 6000F < 2000
>k = 1800F
S 5000F S 1600F 0
= 0k — 1400F D> mmt
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N g 7)) Comb. bke. 2 1200F [ Comb. bke. AACP ACP(KK ) Acp(ﬂ'ﬂ)
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= : L 800F — -
:8 2000F 3 600 —_ (— 154 i 29) X 10
ko) : )
£ 1000f % 400F
© ok V0 — o 2008 /N
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m(D°7*) [MeV/c?] m(D°7*) [MeV/c2]

— Bigger than generally
cc L o || expected. Still unclear
S S B if/how this can be
st I accommodated SM.

2011 2012 2013 2014 2016 2019 \

Saur, FSY, Sci.Bull.2020
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https://inspirehep.net/record/1726338

—

LHCDb: arXiv:2209.03179 (2022)

ApinDY, DY - KK~
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https://inspirehep.net/literature/2148148

e

LHCDb: arXiv:2209.03179 (2022)

ApinDY, DY - KK~
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https://inspirehep.net/literature/2148148

Eva Gersapecy.
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https://inspirehep.net/literature/2148148

Eva Gersapecy.

LHCDb: arXiv:2209.03179 (2022)

ApinDY, DY - KK~
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https://inspirehep.net/literature/2148148

No other direct CPV in HFLAV 2021 summary
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No other direct CPV in HFLAV 2021 summary

Jon

CP Asymmetries in D? decays

Year | Experiment CP Asymmetry in the decay mode D0 to n+m- [T (D0)-I'(DO0bar)]}/[T'(D0)+I'(D0bar)]
2017| LHCb R. Aaij et al. (LHCb Collab.), Phys. Lett.B 767 177 (2017). +0.0007 +£0.0014 +0.0011
2012 CDF T. Aaltonen et al. (CDF Collab.), Phys. Rev. D 85, 012009 (2012). +0.0022 +0.0024 +0.0011
2008| BABAR B. Aubert et al. (BABAR Collab.), Phys. Rev. Lett. 100, 061803 (2008). -0.0024 + 0.0052 + 0.0022
2008| BELLE M. Staric et al. (BELLE Collab.), Phys. Lett.B 670, 190 (2008). +0.0043 +0.0052 +0.0012
2002| CLEO S.E. Csorna et al. (CLEO Collab.), Phys. Rev. D 65, 092001 (2002). +0.019 +0.032 + 0.008
2000| FOCUS J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 491, 232 (2000). +0.048 +0.039 + 0.025
1998 E791 E.M. Aitala et al. (E791 Collab.), Phys. Lett. B 421, 405 (1998). -0.049 £0.078 £ 0.030
HFLAV average +0.0012 +0.0014
Year | Experiment CP Asymmetry in the decay mode D0 to w00 [T (D0)-I'(DO0bar)]/[T'(D0)+I'(D0bar)]
2014| BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0003 + 0.0064 + 0.0010
2001| CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63,071101 (2001). +0.001 +0.048
HFLAV average -0.0003 + 0.0064
Year | Experiment CP Asymmetry in the decay mode D0 to KOsmt0 [T (D0)-I'(DO0bar)]/[T'(D0)+I'(D0bar)]
2014| BELLE N.K. Nisar et al. (BELLE Collab.), Phys. Rev. Lett. 112, 211601 (2014). -0.0021 +£0.0016 + 0.0007
2001| CLEO G. Bonvicini et al. (CLEO Collab.), Phys. Rev. D 63,071101 (2001). +0.001 £0.013
HFLAV average -0.0020 £ 0.0017
Year | Experiment CP Asymmetry in the decay mode D0 to KOsn [T (D0)-I'(DO0bar)]/[T'(D0)+I'(D0bar)]
2011| BELLE B.R.Ko et al. (BELLE Collab.), Phys. Rev. Lett. 106,211801 (2011). +0.0054 +0.0051 £ 0.0016
Year | Experiment CP Asymmetry in the decay mode D0 to KOsn' [T (D0)-I'(DObar)}/[T'(D0)+I'(D0bar)]
2011| BELLE B.R. Ko etal. (BELLE Collab.), Phys. Rev. Lett. 106,211801 (2011). +0.0098 + 0.0067 +0.0014
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No other direct CPV in HFLAV 2021 summary
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Marco Gersabeck
\
Search for CPV D — #tn~n’, D - KK*n*

Probing D° — px, K*K, like 7, KK with added spin

Keeping weak

Adding spin structure

Dear Alex, remember
what Blazenka said
regarding messengers...
for questions related to
this slide, please refer to:

MarcoGersabeck 3
@
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Search for CPV D — ntn~n°, D - KK*r*

P ——— LHCb: arXiv:2306.12746 (2023)
Tk Resoved™ ihon 3RV o L HCb-PAPER-2023-019
8 T 6 b ] K N PrellmlnaryLHCb E
; 2'5; % 1.6F - .—>K0K' +—
20 0= 14 - N Energy test
of 1 B 1 (~unbinned version of
i Tl 5 ost 1 y*test) reveals no
" ] . e ,E significant difference
0.0 bt o oo b r— 0.5 1 1.5 -
W wacr cevye - Detween CP-conjugate
T e 1 T g ] Daltzplots.
2 IR IR 3 54’
= I O F D' —K{K 7 3
o 1D 14 7 Note however, that
OE v 12F — .
i $ : current sensitivity
1.5 -] C 1 ] ' v .
N il el 3 insufficient to discover
. _5 i MRS 1 CPV at level seen in 2-
I ] 0.5 1 15
0.0 B Lo L m%(K* ™) [GeVz/c“] bOdy decayS.

0
00 05 1.0 15 20 25 30 3.5

s13 [GeV?/cl]
Sec also: | LOMGKEN  EAESAGRGNAg
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https://inspirehep.net/literature/2670819

Time-dependent measurements
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Charm Lifetimes @ BELLE |I

I Data
— Total fit
----- Background

Belle Il
J Ldt=207fb"

)
o

OF. PR et T M S

M(pr*) [GeV/c?]

193 194 795 196 107 798 199 5 207 202

Belle II ¢ Data
L dt =207 fb ' — Total fit

—_i
o
w

|||||I11] ||||ITr|| |||||rrI] TTIT

10

Candidates per 60 fs
o

- - Background

t (ps)
Also most precise D°, D7 lifetimes: BELLE-II PRL 127 (2021) 21, 211801
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Alan Schwartz

 T—

—
BELLE-II: arXiv:2306.00365 (June 2023 (1))

116,000 prompt D — ¢x™

Requiring p(D,) > 2.5GeV in
e*e™ rest frame eliminates Df
from B — D, ... decays.

+2 {5

o

©(D,) =4982 £ 1.7 * ¢ fs

prev. WA: 7(D,) = 504 £ 4 fs
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https://inspirehep.net/literature/2664554
https://inspirehep.net/literature/1901002

Baryon lifetimes

HQE (up to order 1/m3): 7(Q°) < 17(Ap) < 7(E})
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https://inspirehep.net/literature/1740743
https://inspirehep.net/literature/1916140

Baryon lifetimes

HQE (up to order 1/m?): T(Qg)

< 1(A) < 7(EY)

0 =~0 —
PDG Q c —_ c Ac+ =] c+
2 e (] e m—
2018
N N L 1 | 1 1 1 1 | 1 1 1 1 | 1 L N N L N
0 100 200 300 500

Lifetime [fs]

Adapted from Nisar Nellikunnummel @ ICHEP 2022
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Baryon lifetimes

HQE (up to order 1/m3): T(Qg) < 1(A,) < T(Ej )
Q 0 : 0 A + E +
PDG ¢ S c c
018 | 0™ - ——
=0 Al Q70 =t
Semﬂe;ggilé B . HE —a - PRD 100 (2019) 3, 032001

0 100

l 200 - 300 400 . 500
Lifetime [fs]
Adapted from Nisar Nellikunnummel @ ICHEP 2022
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Baryon lifetimes

HQE (up to order 1/m?): 7(QY) <17(A) < (B
o) 0 = 0 A + = +
PDG C C C C
2018 | T = —
=20 A7 Q° E7
Semileptoniy “ m —e— - PRD 100 (2019) 3, 032001
LHCb | 24 Lo .
Prompt Sci.Bull. 67 (2022) 5. 479-487
LHCb Comb.
0 - l(I)O - 2(I)O - 3(I)O — .4(I)0 - 500

Lifetime [fs]
Adapted from Nisar Nellikunnummel @ ICHEP 2022
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Baryon lifetimes

HQE (up to order 1/m?): 7(QY) <17(A) < (B
QO :0 A+ E+
PDG C C C Cc
2018 [ ™ = —
ECO Ac+ QCO Ec+
Semileptoniy W e - PRD 100 (2019) 3. 032001
LHCb | 24 Lo .
Prompt Sci.Bull. 67 (2022) 5, 479-487
LHCb Comb.
T I = = BELLE-Il Q¥: PRD 107 (2023) 3, 1031103
0 100 209 500 400 00 BELLE-II A,: PRL 130 (2023) 7. 071802

Lifetime [fs]
Adapted from Nisar Nellikunnummel @ ICHEP 2022

Jonas Rademacker (University of Bristol) Conference Summary Charm 2023, Siegen 22
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https://inspirehep.net/literature/2103917

Baryon lifetimes

HQE (up to order 1/m?): T(Qg)

< 1(A) < 7(EY)

Obervatio
QO :0 A+ E+
PDG C c C -C
2018 [ ™ = T
ECO Ac+ QCO Ec+
Semileptoniy W e - PRD 100 (2019) 3. 032001
LHCb | 24 Lo .
Prompt Sci.Bull. 67 (2022) 5, 479-487
LHCb Comb.
T I = = BELLE-Il Q¥: PRD 107 (2023) 3, 1031103
0 100 209 500 400 00 BELLE-II A,: PRL 130 (2023) 7. 071802

Lifetime [fs]

Adapted from Nisar Nellikunnummel @ ICHEP 2022
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Baryon lifetimes

HQE (up to order 1/m?): 7(QY) <17(A) < (B
Obervatio
HQE, what now?
QO :0 AT =t
PDG C C C 76‘
2018 [ T = —
EcO Ac+ QCO Ec+
Semileptoniy W e - PRD 100 (2019) 3. 032001
LHCb | 24 Lo .
Prompt L Hb Comh Sci.Bull. 67 (2022) 5, 479-487
T I = = BELLE-Il Q¥: PRD 107 (2023) 3, 1031103
0 100 209 500 400 00 BELLE-II A,: PRL 130 (2023) 7. 071802

Lifetime [fs]
Adapted from Nisar Nellikunnummel @ ICHEP 2022
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Baryon lifetimes

HQE (up to order 1/m?): 7(QY) <17(A) < (B
Qbervatio HQE, what now?
e a = To higher order!!
2018 [ ™ T = T
EcO Ac+ QCO Ec+
Semileptoniy W e - PRD 100 (2019) 3. 032001
LHCb | 24 Lo .
Prompt L Hb Comh Sci.Bull. 67 (2022) 5, 479-487
T I = = BELLE-Il Q¥: PRD 107 (2023) 3, 1031103
0 100 209 500 400 00 BELLE-II A,: PRL 130 (2023) 7. 071802

Lifetime [fs]
Adapted from Nisar Nellikunnummel @ ICHEP 2022
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Charm lifetimes from HQE Blatenca i

——\

King, Lenz, Piscopo, Rauh, Rusov, 2109.13219
Gratrex, Melic, Nisandzic 2204.11935

: |
15} B Mesons, experiment

B Mesons, our results

1.25}F 1 71 Baryons, experiment

1t & B Baryons, our results \

inclusion of newly calculated NLO

corrections to M@(Mannel,

=
I Moreno, Pivovarov 2304.08964)
025t -I II would probably significantly

reduce uncertainty

0 + =0 + 0 =+
D Dy D 20 AF QY B

Good agreement with experiment
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Charm lifetimes from HQE Bllenka vt

Dulibic, Gratrex, Melic, Nisandzic 2305.02243

0.5
I Experiment
sl ¢ Theory [preliminary] -
@
0.3 1
"oy 1
S ]
S 02+ ]
0.1
0.0 —— | |
e o =++
—cc Qcc =

HQE for doubly-charmed baryons
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Charm mixing in 2007
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Charm mixing in 2013
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Charm mixing in 2015
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Charm mixing in 2018
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Charm mixing in 2021

:? ' ——— ' = 1.5 roesea— P
o~ i e Cry
512 1_5% | | CPV allowed | . L Hio l;o
B >A : E !!!! E'c 60 B4G 30
2 HFLAV CPV allowed = P - 20 40
> 1-2[ cHanm 2018] 5 g—_ - jg - 50
- > < - W R BA N N . (0]
1 T cPvalowed| | | o 40 5 TR P
4 .: i < 5 o
8 o8~ os - 8 HHl
. . L 20— g 20 5
L - i e
o 0.6 06F - Z 10"
D ol TR “ o y @)
- N - -10- e
0-2 :_ 0'2:‘ _20'_ ................... 4 CIDY | PO AR S SN S I J S S—
0 O— ok ‘ l@ S !!ii - -30?
02 02 2olite |M1c | -40- C s er or o 0i 02 04 0
] : ; L 111 \ L1 I B | -] 1 |‘ 50 20 20 I Iq/p|'1
: 02 0 02 04 06 08 1 |3¢ 30 L ~—
-0.4- . -6 =6
5 ] x(/"). ;0 4o i L | | | |
‘. m _"_‘“l"“H:lt}al:u‘.u;‘,m‘|-=&l=“ o .50- [ - 1 : : S L S o ]
- 0% 6-04-02 0 02 04 06 0.8 1 12 15 i 06 08 1 12 14 16 |
X (%) 02 0 lo/pl 1.8
X (%)

gpl  Ig/pl
non-zero x at > So

Jonas Rademacker (University of Bristol) Conference Summary Charm 2023, Siegen 29



What was that??? Acem bav,

0 ’
| HCb model-independent mixing with D — K 7~

LHCb: PRL 127 (2021) 11, 111801

><10‘6‘ L L L I B
Method: Phys.Rev. D99 (2019) no.1, 012007 2 wF | LHC E
= 35k < Data 5.4 fb' -
T 3F T H 3 = = . ]
L = 1 1, < 3F —Fit =
N% ¥ ] 1 °; ;‘:‘)" 2.5 .Background *
<) 11 .8 5 E
r\l:| 2'5_ 1 = 103 W ‘é 1.5
S L 13 = S 1
2- b ?g 0.5; | |
_'_ 7 = C140 142 144 146 148 150
i 102 5 Am [MeV/c?]
i 7
1.5} :
i 1
I 10 Critical: s
o of §
03 | BES-IIl "
R 1 . -0.5F
0.5 1 1.5 2 2.5 3 r
m2 [GeV/ct N p Ut -
3.1x10" D° — Kontm™ S .

BESIII: PRL 124 (2020) 24, 241802
See also CLEO-c, Phys.Rev. D82 (2010) 112006
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https://inspirehep.net/literature/1867376
http://inspirehep.net/record/1702145?ln=en
http://inspirehep.net/record/873121/
https://inspirehep.net/literature/1782978

Charm mixing in 2021

:? ' ——— ' = 1.5 roesea— P
o~ i e Cry
512 1_5% | | CPV allowed | . L Hio l;o
B >A : E !!!! E'c 60 B4G 30
2 HFLAV CPV allowed = P - 20 40
> 1-2[ cHanm 2018] 5 g—_ - jg - 50
- > < - W R BA N N . (0]
1 T cPvalowed| | | o 40 5 TR P
4 .: i < 5 o
8 o8~ os - 8 HHl
. . L 20— g 20 5
L - i e
o 0.6 06F - Z 10"
D ol TR “ o y @)
- N - -10- e
0-2 :_ 0'2:‘ _20'_ ................... 4 CIDY | PO AR S SN S I J S S—
0 O— ok ‘ l@ S !!ii - -30?
02 02 2olite |M1c | -40- C s er or o 0i 02 04 0
] : ; L 111 \ L1 I B | -] 1 |‘ 50 20 20 I Iq/p|'1
: 02 0 02 04 06 08 1 |3¢ 30 L ~—
-0.4- . -6 =6
5 ] x(/"). ;0 4o i L | | | |
‘. m _"_‘“l"“H:lt}al:u‘.u;‘,m‘|-=&l=“ o .50- [ - 1 : : S L S o ]
- 0% 6-04-02 0 02 04 06 0.8 1 12 15 i 06 08 1 12 14 16 |
X (%) 02 0 lo/pl 1.8
X (%)

gpl  Ig/pl
non-zero x at > So

Jonas Rademacker (University of Bristol) Conference Summary Charm 2023, Siegen 31



LN L

|

| -y

Charm mixing in 2022
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The era of charm

T Nangt g

Frequency of keyword “charm” on inspirehep

Observation of CPV in charm
Observation of D, states Observation of charm mixing /

J/ di
1964 v discovery First CHARM workshop 2023

=> When is the "era of charm”?

In the last decades, the answer is “NOW"!
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The era of charm

Observation of CPV in charm

19563 2023

=>» When is the "era of charm”?

In the last decades, the answer is “NOW"!
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The era of charm

Observation of CPV in charm

Our
colleagues
need help!

19563 2023

=>» When is the "era of charm”?

In the last decades, the answer is “NOW"!
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Input from charm threshold and mixing to v.

ftag

X

fsignal
measures charm interference, especially strong phases
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B~ > DK .D—> K'nntn™

LHCb: arXiv:2209.03692 (2022)
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https://inspirehep.net/literature/2148941

Input from charm threshold and mixing to v.

ftag

X

fsignal
measures charm interference, especially strong phases
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Input from charm threshold and mixing to v.

iy A — D i @t
B~ 2\ Ip K N N |

\EOK—/

measures CKM angle ¥

measures charm mixing and CPV

ftag

X

fsignal
measures charm interference, especially strong phases

w(3770)
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Combined analysis of mixing, threshold data, y.

DK™~ ) By
4 —~/LI\D i\
B~ )\ Ip K S~ =l
\EOK_/ -
easures charm mixing and CPV

measures CKM anglg ¥ @
, ftag
w(3770) >{

fsignal
measures charm interference, especially strong phases
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Combination of charm and beauty inputs for mixing

LHCb-CONFE-2022-003
& JHEP 12 (2021) 141

? l 1 T |l ] 1 1 L I T 'o ] 2__
&, | 777 LHCb Charm Only LHCb | = |
= (& | LHCb Beauty and Charm ~ Preliminary <o
0.8 |- - 0
E
oF
_3F
0.6 - ~ —4;—
5= . .
Bayesian approach (similar results
IS IR —6:— as LHCbsfrequentlst one)
= I I I [ I
02 04 06[7] 094 096 098 1 102 104 106
0
[a/p

B — DK input improves charm parameters
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html
https://inspirehep.net/literature/1939295

Adam Days

_—\

Why do I care? The quest for new physics

Direct Searches Indirect Searches

e Look directly for new particles produced e Look for the mdirect influence of unknown
particles on calculable quantities

Some new > Some particles . 4 z
particle weknow | < _____
Some new
particle(s)
Each approach is complementary to the other
adam.davis @ cern.ch D mixing, indirect CPV and charm hadron lifetimes
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Adam Days
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Why do I care? The quest for new physics

Direct Searches

Indirect Searches

' Own

Each approach is complementary to the other

adam.davis @ cern.ch D mixing, indirect CPV and charm hadron lifetimes
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The problem with that:
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QCD can be beautiful!

Rodriguez-Sanchez, Pich, 1605.06830

N3LO |
0.5} T -
0.4} / -
ot : Very precise test of
S sl Z _' Asymptotic Freedom
| a; (M7)-af (M) =
0.2} l j 0.0002+0.0015_ +0.0029,
0.1k P —
1 2 5 10 20 50 100 200

E (GeV)
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Spectroscopy
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/2 new hadrons at the LHC
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Plot by Patrick Koppenburg: https://www.nikhef.nl/~pkoppenb/particles.html
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35 new hadrons at BELLE

Z,(10650)*
11.09 35 new hadrons found at Belle 2( ) ® Y(10753)
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Chunhyg L
26 new hadrons at BES Il| ™

http://english.ihep.cas.cn/bes/re/pu/NewParticles/
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Cecil Powell, 1945

After using a newly developed emulsion
technique to measure cosmic radiation high in
the Pyrenees (Pic du Midi):

“It was as if, suddenly, we
had broken into a walled
orchard, where protected
trees had flourished and all
Kinds of exotic fruits had
ripened Iin great profusion.”

Cecil Powell and Cesar Lattes discovered the pion with their new emulsion technique.
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Charmonium Spectrum
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Much speculation about the

nature of.these states
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Molecule Tetraquark Hadro-quarkonium
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yort Glueball

Pentaquark

| | CZY & S.L. Olsen, Nature Reviews Physics 1, 480 (2019)
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3 2 __ Conventional
- Exotic Candidate
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Jonas Rademacker (University of Bristol)

JPC
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Charmonium Spectrum —

48 Much speculation about the
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@ AD Polosa analyses y,.(3872) in analogy to elementary vs
" molecular deuteron and asks:

L Conventional Hybrid Glueball @'
B Exotic Candidate b, f , 4
L ’ Pentaquark

3.0 Tlc(1S) Exotic taq

| | | | | | | CZY & S.L. Olsen, Nature Reviews Physics 1, 480 (2019)
o 1 0" 1 2" 1 2" 3
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Chunhug |;  Antonio Polosg
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Charmonium Spectrum —

48 Much speculation about the
S 48 codaronge T TEF: 2022 083C01 (2022), nature of these states
B e 1 165 .
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@ AD Polosa analyses y,.(3872) in analogy to elementary vs
" molecular deuteron and asks:

More basically: are we on the right questions?

Thomas Mannel: I'd rather know why it’s so narrow.

JPC
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Charmonium on the Lattice

Sara Coling.

——\

Challenges: Dense spectrum of states: a number of states with same/different JF¢ in a

narrow energy region. Multiple two-particle and three-particle decay channels can be open.

[Prelovsek et al.,2011.02542] Coupled channel

DD and D;D. S- and D-wave scattering.

J/1w and 1ncn channels ignored, me > m;C)hys_

JPC = 0tt: % State just below DD thresh-

phys

old (mz > m;;”"1), not yet observed in expt.

% Narrow resonance just below D;D; which
may be related to X(3915)/x0(3930).

% Broad resonance which may be related to
X(3860).
* JPC = 2%+ similar to x2(3930).

Lat:m Lat:m-Eref+ E;j; Exp
401 3 .
- - & ———————— 3 3 %(3930)  2m, |
39k O | e T Tee T e ]
‘ X<3915>§ %,(3930)
3.8 N _2;1;’_ X(3860) -
!
% 37 I v ZmD -
3.6 _|
i ¢ o |
35+ > %, (1P)_
I
>
L e _
34 e
JPC 0++ 2++ 0++ 2++ ++ 2++

+ much much more on spectroscopy on the lattice in Sara’s talk

See also: ‘

Conferem
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5 excited Q. - ETK™

Patrick Spragiiy

__\

LHCb

Candidates / (1 MeV)
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LHCb: PRL 118 (2017) 18, 182001

Patrick: “this porcupine just popped up”

Jonas Rademacker (University of Bristol)
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5 excited €2, —

Patrick Spradiin
=YK T
=c

BELLE: PRD 97 (2018) 5, 051102
LHCb: PRL 118 (2017) 18, 182001
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Patrick: “this porcupine just popped up”
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https://inspirehep.net/literature/1517483
https://inspirehep.net/literature/1637368
https://inspirehep.net/literature/2630816

Spin-parity of D* . T ~
(s) BESIII: arXiv:2305.14m

- CM frame D} *rest frame
e D;:
S

JP of D¥, D*° and D*tis 17
You might think we knew that, but we didn’t!
Prior to this measurement, only spin O for D0 excluded PRL 39, (1977) 262
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https://inspirehep.net/literature/2662323
https://doi.org/10.1103/PhysRevLett.39.262

Intrinsic charm _——

L A
LHCbH preliminary B svas
[ ] stathsyst
Vs =13TeV

N 0.06F

B NLO SM
e PDF4LHC15-No IC
0‘02__ ® NNPDF 3.0-IC allowed
4 CT14+LFQCD (z)1c = 1%

L

g
o
2
L1 i
PRL 128, 082001 (2022)

R TR R R
) 25 3 3.5

N
<
=
N
W

Intrinsic Charm

= Baseline dataset A
— E]\/IC F; 2 e ..
""" + LHCDb Z+c

—:= + EMC F§ + LHCb Z+c

Nature 608 (2022) 483—-487

0.2 0.4 0.6 0.8

Alternative interpretation e.g. at Guzzi et al., arXiv:2211.01387
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INtrinsic charm —_\-

PR 0.1 T T T T T T : ; | : | ; , : ‘ I I l l I | | |
= C

b i LHCBH preliminary B stat

s - [ statsyst
> 0.08 V5 = 13TeV ¥

o0
/ )
/- —— Baseline dataset \O
" === +EMCF; L
------ + LHCb Z+c 2
—+= + EMC F§ + LHCb Z+c <
0 : : : : Z.
0.2 0.4 0.6 0.8
x

Alternative interpretation e.g. at Guzzi et al., arXiv:2211.01387
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Charm in media

J/yin p-Au,
forward

p-Pb collisions

= Inclusive J/y 12cy<22 ' T Inclusivedry = 22<y<12
5 szN=2OO GeV e 0%-100%, p}tAu szN=200 GeV e 0%-100%, p+Au
PHENIX PHENIX

RHIC

= EPPS16, Shao et al
w22 NCTEQ15, Shao et al
EPPS16 NLO, Vogt

EF809+'II'ranspo|rt, Du 8; Rapp

bjdckward

EPPS16, Shao et al
nCTEQ15, Shao et al
EPPS16 NLO, Vogt
: EPSO?+Transtort, D%J & Rapl)p

:I
0 1 2 3 4 5 6 7

1
0 1 2 3 4 5 6 7

p. (GeV/c) P, (GeV/c)
€1_8_...,...,...,...,...,...,.. §1_8_...,...,...,...,...,...,...,...
~ 00-1 6 [ ALICE, Inclusive Jiy — p'y’, 203 <y <3.53,2-10% 09.1 6 [ ALICE, Inclusive Jly — p'w, -4.46 <y  <-2.96,2-10%
I | | o p-PDb |5, =8.16 TeV Ot
1.4F ®p-Pbysy=502TeV 4F
O B
I 1 ..................................
( 0.8} 0.8f
. ) ; s ep-Pb |5y =8.16 TeV
0.6f 0.6F up-Pb |5, = 5.02 TeV
() 04k p-Pb {5y, = 8.16 TeV 04 PP VS =816Tev
’ [ EPS09s NLO + CEM (Vogt et al.) ] EPS09s NLO + CEM (Vogt et al.)
| 02F Energy loss (Arleo and Peigné) 0.2F Energy loss (Arleo and Peigné)
L [] Transport Model (Du and Rapp) [ [_] Transport Model (Du and Rapp)
PRI BRI BN BT BRI ST R R ob Lo v v b e L b by 1
—I OO 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
p, (GeVlc) P, (GeVrc)

Jonas Rademacker (University of Bristol)

Conference Summary

Puys.REV.C 102 (2020) 1, 014902

THEORETICAL REFERENCES: [7],[12],[13]

JHEP 02 (2021) 002
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Charm in media

‘_\
J/y in p-Au, p-Pb collisions
forward backward
R T T R = = T = A
SMALL SYSTEM COLLISIONS pA

« J/v modification versus py at backward rapidity suggests different nuclear
effects contribute at RHIC compared to LHC energies

o Non-zero charm vy observed in pPb and high multiplicity pp collisions

o If QGP is formed, it does not appear to be dominant effect on J /1)

LARGE SYSTEM COLLISIONS JAWAN

o Results indicate regeneration affects charmonia measurements at LHC energies
o Contributions from regeneration in T (1S) measurements appear small, if any

o Y(15) modification shows similar suppression as J /¢ modification at RHIC
—t F . T Tre?nsport Mod(lal l(Dlu.arlld.R:’:lp?pz .

AP PR 1. A .
—I O0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
p, (GeVlc) P, (GeV/c)

EI |f | Iransport Model (Du and Kapp) El
0 PRI (S R HN TN SN TN T ST SN SN (ST SN MRS M1 |

THt
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Leptonic decays —

Géfp m?
2 l\2

——\Vv.IPm‘mn(l — —

. V. 1" mimp( 12))

=]
=
S
+

l
~

<
| _—

]

h___

T ] T T T l T T T I T T T T T T T | T T T T | T T
FENAL/MILC  PRD98,074512 212.7:0.6
RBC/UKQCD JHEP1712,008 208.7:2.8°% Smfit PDG18 0.22438:0.00044
ETM PRD91,054507 207.4:3.8 N
PDG PDG18, D™ a1y 0.214+0.003+0.009 =
FNAL/MILC  PRD90,074509 212.6:0.477
HPQCD PRD86,054510 208.3:3.4 CLEO PRD78,052003, D*—uv, TV 0.218+0.009+0.003 —_———
FNAL/MILC  PRD85,114506 218.9+11.3
tiio PRD78,052003, kv, T v  206.8:8.7:2.5 BESII PRD89,051104, D*>uv 0.2150+0.0055+0.0020  =——t= 2.7%
BESIII PRD89,051104, nv 203.8:5.2+1.8 2.7%
° BESIII  Expected (20fb™), D*—uv 0.2150+0.0021:0.0017 —— 1%

BESIII Expected (20fb™), v 203.8:2.0+1.5 1%

1 | 1 1 1 | 1 1 1 | 1 1 1 | \ \ 1 I f | \ \ I f \

fo- (MeV) IV |
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Leptonic decays

——\

Jonas Rademacker (University of Bristol)

Conference Summary

| 22 |
F f D
l F(D+ [t ) — S|V |2 2 (1_ )2 l
: s 7LV g7 |cs mpmp, |
D S
l —_—— —_— —_— _— —_— —_— —_— —_— —_— —_—— —_—— —_—— —_—— —_—— —_— —_—— —_— —_— —_— —_— —_— —_— _— —_— _—— l
T T T T T T T T T T T T T T T T | T T T T | T T T T T
ﬁg&%"“l) FRIDRDII0 0! 247.244.1 | CKMFitter PTEP2022(2022)083C01 0.97349+0.00016 !
(2+1+1) PRD98(2018)074512 249.9+0.4 ’ ’
FLAG21(2+1+1) arXiv:2111.09849 [hep-lat]  249.9+0.5 HELANZL AERvEA2 00,0701 [Tsep=ex] GRIOLE0 0061 |
HFLAV21 arXiv:2206.07501 [hep-ex] 252.242.5 1ol CLEO PRD79(2009)052002, t.v 0.981+0.044+0.021 ¥
CLEO PRD79(2009)052002, T.v 251.8+11.245.3 —a—i CLEO PRD80(2009)112004, T v 1.001+0.052+0.019 e
CLEO PRDS80(2009)112004, 7 v 257.0+13.34£5.0 — CLEO PRD79(2009)052001, t v 1.079+0.068+0.016 i
CLEO PRD79(2009)052001, 7v 277.1+17.5+4.0 — BaBar PRD82(2010)091103, <, v 0.953+0.033£0.047  HeH
BaBar PRD82(2010)091103, T, v 244.618.6+12.0 H——H Belle JHEP09(2013)139, 7, v 1.017+0.019+0.028 HoH
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BESII 6.32 fb! PRD104(2021)052009, 7.y 249.7+6.0+4.2 ot BESIII 6.32 fb! ERDIGHI021)05200%,. 720 0.972+0.023£0.016 1l
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Semileptonic Decays

| attice

v

F(D(s) - P(S)f"'v{)/dqz X |Vcd(s)|2|f+(q2)|2

Experimental precision is comparable to

+*

fD—)K(O)

the latest LQCD result

Jonas Rademacker (University of Bristol)

||||||||l||l|||||||||||||||||
ETM  PRD96,054514 0.765:0.031 2010 (2.4%)
4

HPQCD PRD104,034505 0.7380:0.0044 2021 (0.6%)
Belle PRL97,061804, D° K1y 0.695:0.007:0.022 =t

BaBar PRD76,052005, D° sKe'v  0.727:0.007:0.009

CLEO PRD80,032005, D>Re'v  0.739:0.007+0.005

BESII PRD92,112008, D' K%'y 0.748:0.007:0.012

BESIII PRD96,012002, D' »>Kle'v  0.7246:0.0041:0.0115

BESII PRL122,011804, D’ >Ky*v  0.7327:0.0039:0.0030

BESI PRD92,072012, D°K'e'v  0.7368:0.0026+0.0036 0.7%

BESII Expected (20fb™), D°>K'e’v 0.7368:0.0009:0.0036 <0.5%
0|2|||||I|l||l|l|||||||l|||||IIOI8

IIII]IIIIIIIIIIIIIIIIIIIIIII III
ETM  PRD96,054514 0.612+0.035
>4%
HPQCD PRD84,114505 0.666+0.02+0.021
Belle  PRL97,061804, D°=xTv  0.624:0.02+0.003
BaBar PRD76,052005, D’ —re'v  0.61:0.02:0.005
CLEO  PRD80,032005, D—ne*v 0.666+0.019:0.005
BESII PRD96,012002, D*—nle*v 0.6216+0.0115:0.0035
BESII  PRD92,072012,D°—r'e'v  0.6372:0.0080:0.0044 1.4%
.1 0 -, o,
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| V.|, | V.| from semileptonic decays + lattice

| V., |P7" = 0.2338(11)F*PY(15)LQEP[ 22| EW/QED/SIB Lattice analysis with
bk latest and fanciest
| Vcsl — 0.9589(23)Expt(40)LQCD[96]EW/QED/SIB |—||SQ physica| M
) 71'1

conducted as blind

1.02

new fp|Vea| = 46.2(1.0)(0.3) MeV analysis.
newfp,|Ves| = 245.4(2.4)(1.7) MeV

1.00 A

0.98 -

| VCSl 0.96

B Semileptonic: Fermilab-MILC
(Present work)

0.944 m Leptonic: FNAL-MILC 2018
' +HFLAV 2021 Without QED

== Veal® + Ve + [V |* =1 With QED
092 I I I I I
0.200 0.205 0.210 0.215 0.220 0.225  0.230

[ Ved|
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- : Wil
Lepton Flavour Universality am Jay

—

BF(D’ — K u*v,) BFMD* - K’u*v,)
R = =
“ BFWD® - K-etv,) BF([D+ — Kl+tv,)

LQCD
» agreement

Fermilab-MILC |
(Present work) No QE

LQCD error
HPQCD 21 1 H ror at ~ 0.01%
0.5%
ETMC 184 |F—*— | ¥
HFI_(.)AV 22 _D.9I74 0.9I7q BES ”l
Experiment DK Ry, =0.974 £0.007 £ 0.012
HFLAV 22
D' —K° PRL 122, 011804 (2019)
0.900 0.925 0.950 0.975 1.000
R Shulei Zhang
%\
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Shue Znang.

Inclusive semileptonic baryon decays at BES [T ™

200

Events/(0.05 GeV/c)

llllllll

0 0.1 02 03 04 05 06 07 08 09 1
p (GeV/c)

> 4.5 fb~! data @ 4.600-4.699 GeV = Ny, = 3706 + 71
» B(Af - Xe*v,) =(4.06+0.10 £ 0.09)% (~3%)

There is significant theory interest in differential distributions for
inclusive decay rates, relevant for HQE treatment of -

mil N
semileptonic decays

Jonas Rademacker (University of Bristol) Conference Summary Charm 2023, Siegen 59



Rare charm decays

« Good: Gives access to FCNC in up-type quarks (Kaons
and B probe down-type FCNC)

« Good: FCNC in charm are even rarer than rare B
decays, because GIM works so very well.

- Bad: Long distance effects make interpretation difficult #

- Still, there are powerful “null tests”.
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0 + _— - K=t T —
D" - z"n ", K"K "

LHCb: PRL 128 (2022) 22, 221801

Full angular analysis and CPV tests.

Phys. Rev. D 98, 035041 (2018)

1 0-5 L * Expected resonant contribution
— (LD)
R
> 0 » Expected on-resonant
()] _7 contribution (SD)
(_D. 1 0 i » Possible new physics contribution ]
Rey T T N
2 ol K — W\ .
= 10°F N T ON—
3
5
L 1077 :
T in-13
o B
a 10
3
1 0—1 5L
0.0 0.5 1.0 1.5 2.0 25

"%k also: | [EEABASIBREN
See also:

Jonas Rademacker (University of Bristol) Conference Summary arm 2023, Siegen 61


https://inspirehep.net/literature/1961265

0 + =t KYK—t,— “\l
D" = n'm p u, K"K pu"p

LHCb: PRL 128 (2022) 22, 221801

Phys. Rev. Lett. 119, 181805 (2017)

- m(up) < 525 MeV/c?

Low-m(u*u)

Full angular analysis and CPV tests.

Phys. Rev. D 98, 035041 (2018)

- m(up) > 1100 MeV/c? I
[ ngh-m(ﬂ+/l_) :Jthﬂ

ibution

~

~

Q~~
L)

© -

Extnera Soomonci
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https://inspirehep.net/literature/1961265

D — k0%
(s)

Daniel Unverzagy

——\

LHCb: JHEP 06 (2021) 044

Search for 25 rare (hT£7¢ ™) or forbidden (hue, h~¢ ¢ ™) charm decays

normalisation mode

DYy = 7 putu)

e.9. D, = mtuTu”

S en
E-){N)ﬂ_ D" snmupu
- -4 } $ 4
) 1([--- D -n'pupu
Z 4000~ oo Non-peaking
:EE N Total

= 3000-] MM D'

PO T

2000

1000

signal region away from known di-muon resonance.

= (U U ) pon—res

LHCDb 1
150 —

100 + J[

Candidates /(4 MeV)

50—

0 Lr—r .
1900

1950

2000 2050
m(rtpt ) [MeV]

*++ Non-peaking
—— DVYann
——- DYmnn
— Total
7 v == p* atutn
g LII(I) N . } o! n!
A ’,/ \\ ’/, N B D I’
() L Ll '=l I L] Ll T L] I L] 1 T L] I l\l L] L] I L] Ll Ll L]
1850 1900 1950 2000 2050

m (mtptp) [MeV]

See none, but improve BF limits, typically by one or two orders of
magnitude, to 107 — 6.4 X 107 at 90% CL

Jonas Rademacker (University of Bristol)
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https://inspirehep.net/record/1827570

Candidates / (0.1 MeV/c?)

Danig Unverzg gt

T——

O + - T
DY - umu
LHCb: arXiv:2212.11203 (2022)

. - ) —18
Most sensitive BDT bin, run Il, there ~ SM: short-distance: @(10 )
s also run | and other BDT bins*  SM: long-distance via yy:

[T T I T T T I T T T I T T T [ T T I T ] —13 —11
o o T 3% 1073 -2x 10
T o it 4 G.Burdman et al PRD 66 (2002) 014009
200 0666 < BDT < 1.0 P T using BELLE's D® — yy limit PRD 93 (2016) 5. 051102
= . < < 1. 00— K-t E
150 |~ ] . —
: 1 For comparison: B(B, — uu) =2 x 107
100 |- =
505_ Ty T4 LHCb run I+ll:
g 1 B —=putpT) <31x1077
140 142 144 146 148 150

AamMev/cz]  Best [imit today.

Also: B(D*(2007)° — utn™) <2.6X 1078 (90 % CL) LHCb: arXiv:2304.01981 (2023)

*) data are analysed in bins of the boosted decision tree discriminating variable, the results of all bins are then
combined. This shows, for illustration, the fit in the most sensitive BDT bin.
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2022-029.html
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%20hep-ph/0112235
https://inspirehep.net/literature/1408879
https://inspirehep.net/literature/2649222

LHCb: arXiv:2212.11203 (2022)

Most sensitive BDT bin. run Il there  SM: short-distance: ©(10~"%) Constrained
is also run | and other BDT bins* SM:_lopg-erstarice via 77 rom data!
| x 1071 -2 x 10~

250 LHCb —_— T(gtal ]
- — D = utuw
6 b~ Combinatorial G. Burdman et al PRD 66 (2002) 014009

g BELLE's D° — yy limit PRD 93 (2016) 5. 051102

D’ - 7 7t
D’ - K™ a*

0.666 <BDT <1.0

For comparison: B(B, = pu) = 2 x 107
LHCDb run [+II:

| |+|_ n |+'f‘__| P Py, N ISR N SRR S R B(DO% M+M_) < 3.1 >< 10_9

F e [Melsf(}&] Best limit today.

50 ++ +

Candidates / (0.1 MeV/c?)
2
| TTTT | TTTT | TTTT | TTTT | T

IIII|'-|§-|'II|IIII|IIII|II

-
— T T T

Also: %(D*(2OO7)O - utu) <2.6X 10783 (90 % CL) LHCb: arXiv:2304.01981 (2023)

*) data are analysed in bins of the boosted decision tree discriminating variable, the results of all bins are then
combined. This shows, for illustration, the fit in the most sensitive BDT bin.
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2022-029.html
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%20hep-ph/0112235
https://inspirehep.net/literature/1408879
https://inspirehep.net/literature/2649222

DY = %1
BESII: PRD 105 (2022) 7, LO71102

No long-distance effects in vv system!

400
====== Wrong tags
350 = === Other D° decays
% 300 Signal Shape
=
o 250
q—
P 200
o
S 150
L

Pull
o

BR (D’ - 7%wp) <2.1x107*
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https://inspirehep.net/literature/1997878

Making connections Svietlana Feje

T——

.

SMEFT to relate NP searches in rare charm and
strange decays. AMan Korajac
Faijer, Korajac et al JHEP 07 (2023) 029 m—

SMEFT also relates flavour and high pr

0.06 -
Exclusion limits at 95% CL on c = d(s)e v transitions in (g, €, ) plane ’
pink region excluded by D(s) meson decays 0.04:—
blue region excluded by high-pT LHC
€y, 002
pp—>7TV

0'00f
Geljo et al arXiv:2002.12421 ..

41 D) decays

-02 -01 0.0 0.1 0.2 0.3

7d
€ v,
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Future experiments -
gy, WS
»
-

(approved experiments) (proposed experiments
LHCb Upgrade | LHCb Upgrade I
Belle I Belle II+ 7? FCC-ee .... FCC-hh
BESIII STCF CEPC .... SPPC
2020s 2030s 2040s 2070s

—
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Summary of the summary

- Spectacular experimental progress - CPV,
mixing, rare, decays, a new world of
spectroscopy, ...

« QCD remains our foe (interpretation of mixing,
CPV, rare decays) and friend (it’s the reason our
field is as rich as it is).

« Hadronic charm calculations are hard. Lots of
open questions. But our tools to are getting
better!

Good enough to predict |g/p|, ¢p?

- Lots of high quality data coming our way: LHCb
UG I, BELLE Il, BES lll (+ possible upgrade),
LHCb UG Il, STCF, CEPC, FCC-ee/hh)
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Summary of the summary

- Spectacular experimental progress - CPV,
mixing, rare, decays, a new world of
spectroscopy, ...

« QCD remains our foe (interpretation of mixing,
CPV, rare decays) and friend (it’s the reason our
field is as rich as it is).

« Hadronic charm calculations are hard. Lots of
open questions. But our tools to are getting
better!

Good enough to predict |g/p|, ¢p?

* Lots of high quality data coming our way: LHCb
UG I, BELLE Il, BES lll (+ possible upgrade),
LHCb UG Il, STCF, CEPC, FCC-ee/hh)
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Summary of the summary

Spectacular experimental progress - CPV,
mixing, rare, decays, a new world of
spectroscopy, ...
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Amplitude Analyses

LHCb: arXiv:2209.09840 (2022)

<\%'3 ,,LHC,b

-1
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2022-030.html

LHCb: arXiv:2209.09840 (2022)
+ — -t .
Ds - 71T BESIII: PRD 106 (2022) 11, 112006,

BaBar: PRD 79 (2009) 032003.

Model-independent* ztz~ S-wavein D. » #7n xt
S

"8 30 F L I e E T T T
2 i BaBar (2009) 0
£ - [ BESIII (2021) § 400
§ 25 | = LHCH =
20 [ LHCb 200 |
F 156 .
15 F -
10 F Of
5¢F -
r _200 B
0F '
0.5 1.0 1.5 0.5 1.0 1.5
m(n n*)[GeV] m(n " )[GeV]

") divide m(z ™z 7) into bins, fit magnitude and phase independently in each bin.
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2022-030.html
https://inspirehep.net/literature/792597
https://inspirehep.net/literature/1909391

D,D™ — n"x~n" and scattering data

Comparing z¥ 7~ S-wave in D, D™ — z¥z~z™ with that obtained from scattering data.

I LI L L LA L LI B B B
g 90 |Df— m- mtt mt* shifted by 210 ° .3
< " .
é 500 :— . ﬂ:—n'*' —> JU j’[j+ _:
400 - LHCb - =

n -1 .

b 1.5 e E
2005— : —
1005— ........... , o —

0 TR .. i LHCb: arXiv:2209.09840 (2022) A LHCb: JHEP 06 (2023) 044
S PR BRI SRR SRR SRR ST TR AT .

02 04 06 08 1 12 14 16 138
m(tnt)[GeV]

Scattering data: CERN-Munich experiment, Nucl. Phys. B64 (1973) 134, and re-analysis of those data by J
Ochs, J. Phys. G: Nucl. Part. Phys. 40 043001. Below 0.4GeV from NA48/2: Eur. Phys. J. C70 (2010) 635.
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D.,D™ — 7"z~ 7" and scattering data

Comparing z¥ 7~ S-wave in D, D™ — z¥z~z™ with that obtained from scattering data.

s LSRR B B NLELE BRI NLELELE BRI BRI = _F L
9 OE |Df— w wt  shifted by 210 © 3 & °F LHCH ]
Z : i = E 0.75 b |, 3
A S0F st — ot 1 < B 5
B - - —I—CERNMunich .
400 - LHCDb ; E 4 :
n -1 . - y =
300 :_ 1.5 fb . ......... _: 2: k«ffﬁv :
: ] 1 E
200 5 e i E
- : . OF E
00F e o = 3 3
oE e ... . LHCD: arXiv:2209.09840 (2022) 1 2§ LHCb: JHEP 06 (2023) 044 :
S N N I R PR NP R BN _:_. .|....|....|...—

02 04 06 08 1 12 14 1_.6Jr 18 0.5 1 15
m(rtt)[GeV] m(mT*) [GeV]

Scattering data: CERN-Munich experiment, Nucl. Phys. B64 (1973) 134, and re-analysis of those data by J
Ochs, J. Phys. G: Nucl. Part. Phys. 40 043001. Below 0.4GeV from NA48/2: Eur. Phys. J. C70 (2010) 635.
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Recent-ish >4-body amplitude analyses

D — Kt 7Y BESII: arXiv:2305.15879 (2023)

(4-body analyses are not

+ + 4+ -0 . more important than 3-
D —» K™n"z~n” BESII: JHEP 09 (2022) 242 body ones - we need
D} — K*K~z*z* 7z~ BESII: JHEP 07 (2022) 051 both. But they are hard,
and it's interesting to see
D} — KK~z 7Y BESIIl: PRD 104 (2021) 3, 032011 this level of activity.)

D — KK~z 7™ BESII: PRD 103 (2021) 9, 092006

DT —» K"zt 2~ BESII: PRD 100 (2019) 7, 072008
D" — KK~ ntn~ LHCb: JHEP 02 (2019) 126

— 0
DO, D° — K*z~z*z~ LHCb: Eur. Phys. J. C78 (2018) 443 D modes

important for
DY = K*z~ 7tz BESII: PRD 95 (2017) 7. 072010 mixing and y

DY - KYK zn*rn~, ntnntn™ CLEO-c data: JHEP 05 (2017)
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https://inspirehep.net/literature/2662580
https://inspirehep.net/literature/1519168
https://inspirehep.net/literature/2662580
https://inspirehep.net/literature/1714778
https://inspirehep.net/literature/2088218
https://inspirehep.net/literature/1849747
https://inspirehep.net/literature/1725265
https://inspirehep.net/literature/2051683
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2017-040.html
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2018-041.html

Recent-ish >4-body amplitude analyses

D — Kt 7Y BESII: arXiv:2305.15879 (2023)

(4-body analyses are not
more important than 3-
body ones - we need
both. But they are hard,
and it's interesting to see

D} — KK~z 7Y BESIIl: PRD 104 (2021) 3, 032011 this level of activity.)

D — KK~z 7™ BESII: PRD 103 (2021) 9, 092006

DT —» K"zt 2~ BESII: PRD 100 (2019) 7, 072008

D" - K*K—n*7~ LHCb: JHEP 02 (2019) 126

D°, D° — K*z~z* 7~ LHCb: Eur.Phys. J. C78 (2018) 443 D’ modes
? — nnn - EUL FRYS. 2. ‘ ' important for

D' — K™z~ nz~ BESII: PRD 95 (2017) 7, 072010 mixing and ¥

D - K*K~ntn ntn ntn , CLEO-c data: JHEP 05 (2017)

D} — Ktz 7" BESIII: JHEP 09 (2022) 242

(D} » K*K-ntata™ BESII: JHEP 07 (2022) 051 )
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{ Gravitation -

~ . Schwerkraft

well-attended
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occasionally mind-bending
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constructive
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and also for sparing us this

Siegerlander Krustchen

Jonas Rademacker (University of Bristol) Conference Summary Charm 2023, Siegen 81



The end
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4-body CPV, P-odd moments

Db IK I+ -I ol T T T I I T I T T T I+0-2I3 T -3I I
0 —~Km*w® (CF) - go.uzt]aﬂ.ss_o.,s)mo
+ + -+ | elle
D(s) —- K"K n7rn ; D’—=K*Kn*r (SCS) ! o (3.5:2.1)x107
! [FOCUS/ BaBar/ LHCb/ Belle]
- 0 0—> +1 i ~ . +0.14 %
D}y — K'n n'n’, DT O e T ey o
D*—K.K*'K'x* (CF) ! (-3.34+2.68)%
+ - 4+ +.0 ® : [Belle]
—_ i
gELLE K><?Z 272075[ 12806 (2023 G eR + (02:1.5:08)<10"
. dlrAlV. . : e
a ( ) D*—=KK'n*n" (SCS) : (-2.7+7.1)x10°
! [FOCUS/ BaBar/ Belle]
D+ N K+ K JZ'+7Z'_ D*—=K'K*x*x® (SCS) _,_._ Egéﬁie]e.eﬂ.s)mo*
(S) S ) D*—K*rmtn® (DCS) . E E; ]??4.2t0.1)%
+ + + = R - ele] e
D' - KTK K™K D;—K K*n*r (CF : -8.2:5.2)x10°
(S) S ! s KK (CF) — ' fF%gﬁg/.%)aE:Iaor/ Belle]
D+ — K+ K~ KSﬂ.+ D!—K*Kn*x? (CF) e §§_|2|t?_3i4_3)x10.3
(S ) . elle
. D:—K*wn*n? (SCS) _ : (-1.122.2+0.1)%
BELLE: arXiv:2305.11405 (2023) . . —— L .
-0.06 -0.04 -0.02 0 0.02 0.04 0.06
aT-odd
CP

Note that recent analyses usually improve sensitivity by applying a phase-
spaced-resolved approach - either in bins, unbinned (as in PLB769 (2017)
345-356, ), P and CP-odd kinematic variables.
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https://inspirehep.net/literature/2661494
https://inspirehep.net/literature/2661214
http://inspirehep.net/record/1502914?ln=en
http://inspirehep.net/record/1502914?ln=en

But what does it all mean?

Felix Erben

D-mixing AC = 2 bag parameters with fully relativistic c-quark action
data for full 5-operator basis available
15 ensembles, 6 lattice spacings from 2 collaborations, including two
ensembles at M2
programme extends to B(s)-mixing and K-mixing:

 simple renormalisation for chiral Domain-Wall Fermions

« fully relativistic treatment of heavy-quark

« very fine lattice spacings
* large variety of ensembles to control relevant limits

Long-distance contribution D — D mixing very relevant

« formalism to compute them conceptually clear but very challenging
» Max Hansen: Fri 21/7 14:00 Future Theory
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D — K DCS/CF amplitude ratio in ¥ combination

AD® - K*n") . | HCb-CONF-2022-003
— =1y exp(l5D”) & JHEP 12 (2021) 141
ADY - K+z™)
D :' L L L L L DL L B ':
— - 7%1LHCb Charm Only LHCb 4 o [ o coommsoone 1 Lot
§Q220 [ 7% ] LHCb Beauty and Charm ¢riminaty 3 . f;::ﬁi:) - * '];:eﬂgg
< 210 — _: %QQ 250 * All Charm Modes October 2022
200 :
190 |- E 200
180 F -
170 — - 150; ) o | -
160_—1|li|1|linlnlilnnlill—- PR (T T SN S UL s Lt S [T ST SN R NN SN SN S R
58 585 59 505 0056 0058 006  0.062 0.064
BT (%] D"
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html
https://inspirehep.net/literature/1939295

Pentaguarks 2016

LHCb: PRL 115 (2015) 072001

|y |
N -
> 261 .
()] i 1000~ Mdata My, al 200 [ m >2 GeV =3
('2' I @ total fit \L E
Q 241~ Q — background \ %-
i > 3 2
2 0 T p,aas0 \ g
22[ To) <= P,(4380)
i Z 600+ A(1405)
~.
i @ © A(1520)
20 § A(1600) ¥
: w 400 and other
18 s 200
16 L b
4 4.2 44 4.6 4.8 Q)
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https://inspirehep.net/literature/1382595

Pentaquarks 2020

Ag — JIwK™p LHCb: PRL 122 (2019) 22, 222001
_ . s*D’ >tD*°
> 26 > > f : :
& 102 8 §1200-_
2 0 % [ — data LHCb
S 24 o Q - — total fit :
IS Q 1000 __ background
0 2 - :
= S goof-
22f S 5 8oof
- ) E [ ity
i 10 9 3 600
20 5 = %
B o
- S 400
18- ©
- 200
165y 1 .
5 3 85 4 45 5 55 6 65 4300 4250 4300 4350 4400 4450 4500 4550 4600
mZ, [GeV?] M p MeV]
State M [MeV MeV 95‘7 CL R %
Oxstats MoV ] | T [Mev ] (9% CL) 7

P.(4312)% | 4311.9+0.7758 | 984277 37 (< 27) [ 0.30 £0.077035
P.(4440)% | 44403 +1.3751 | 20.6 + 4. 9+10 i (< 49) | 1.11 +£0.331032
P.(4457)F | 4457.3+0.6111 | 6.4+£2.07 27 (< 20) | 0.53 £0. 16+8 }g
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https://inspirehep.net/literature/1728691

0 — 4+,
D" — K n7eve BaBar: PRL 122 (2019) 8. 081802

¢ = ufl ¢~ FCNC, analogous to b — s ¢~ but more suppressed (GIM works
better in charm). Long distance contribution enhance BF ©(10~°) — 6(107%)

1 | 1 1 1
1.82 1.84 1.86 1.88 1.9
m(K - m*e*e-) [GeV/c?]

B = (4.0£0.55) x 107° Brionres = < 3.1 x107°

%20__ a) AR *Data E § : BABAR n po/w n' ¢

S E - — Total ] g

8 s Y Signal ] o 201 ]

wn  F Background - < ]

NS . ) 4

2 10f 1 = ! ]

£ | 1 8'f 0 -

AT LSS I BTN P :
0.5 1

m(e*e-) [GeV/c?]

... allfrom D — K~ zt hadron, hadron — ete™
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https://inspirehep.net/literature/1691954

D’ - 2tz utu=, DY - KK utu~

LHCb: PRL 128 (2022) 22, 221801

Full angular analysis. | '
Here, for illustration, show only
Acp as fct of m(uu) 1000 ¢
C -e-Data
800 [~ —Fit
" D’ —=atmutu
% 600 :_ -DO%J'L"FJI_JZ’JFJT_
<§ 0.6: e LA A ]_"I_I'C];) T : %0.6_ ——— ] % 400 :_ ———Comb.backg.
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T

BF(D° - z~u*v,) BFMD* - zu*v)

Fermilab-MILC _ No ¢ | &
LQC D (Present work) QED QED
error error
0.5%
grmMc 184 | % | w07
1 1
0.9825  0.9875
HFZI;{)W 221 e
— T
Experiment
pe € HFLAV 22
D+t =gV
1 1
0.9 1.0
Ry

Jonas Rademacker (University of Bristol)
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en BFE(DY - z—etv,)  BE(D* — zletu,)

Experiment dominated by BES Il
R;, =0.964 £0.037 £ 0.026
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Lattice (semileptonic) —

Semileptonic decays: D — muv
Theoretical preliminaries q/

dF G2 772 2 D <
P’ §4£W Veal” (1 — €)(1 + 0pm) %

€ M2\ ? 3¢
pl° (1+§)|f+(q2)!2+\pIM%( ‘M—%;) 8\fo<q2>»2}

€ = mi/q2 <1

: measured decay rate

: (hon-perturbative) hadronic form factors

: kinematic factors At O(1%) precision, all
sectors of SM become

: perturbative corrections | important: QCD, QED, EW
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Blind analysis.

Fermilab-MILC [WJ]

D-meson Semileptonic Decays o s
D(s) — K/il' fl/ and |Vcd|, |Vcs| | |

e (N=2+1+1) MILC HISQ ensembles . = 1000 configurations
e Lattice spacings: [0.045 - 0.12] fm 1/5 1 . — :g'ézg?m
 Valence: heavy HISQ BN 2=0.057 fm
e Percent-level determinations of [Vcdl, Vsl . B 2=0.042 fm

« Consistent with IVl from HPQCD 2021 £ Physical point
o First-ever Vel from D, = KZv when combined ® 1104 . .

with recent first measurements from BESII|
e First time that LQCD and experimental errors are

commensurate for D — xfv 1/27 1k [:. ‘ j
e All results from a blinded analysis AV ~ 3fPDG /

T — ‘"' 0 004006 009 012
~a [fm]
| ’ |D—>7r —0. 2338(1 1)Expt(15)LQCD[22]EW/QED/SIB RS BTk

[\
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https://www.youtube.com/watch?v=vVUM5VWEd-c
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Intrinsic Charm
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Input from charm threshold to mixing and y.

ftag

X

fsignal
measures charm interference, especially strong phases
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Input from charm threshold

F 10° 5
F S
N §
- 10
—
05 1 L5 2 25 3
[

measures charm mixing and CPV

ftag

X

fsignal
measures charm interference, especially strong phases

w(3770)
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L attice ~

_—\

Lattice QCD with Heavy Quarks

A challenging multi-scale problem

f T 1/a 4.7 GeV
1/L = 30 MeV c—1GeV 004f
M. =140 MeV mp=4.2Gev L2= m

Heavy quarks are hard: lattice artifacts grow like
powers (amn)" — especially tricky for masses near
or above the cutoff

1 1
— < M, <<mh<<—

W.I. Jay — MIT L 18
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Discovery of CP violation in Charm in 2019 ™
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— 20059 ——. LHCb: PRL 122 (2019) 211803
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Discovery of CP violation in Charm in 2019 ™
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— 20059 ——. LHCb: PRL 122 (2019) 211803
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https://inspirehep.net/record/1726338

Jonas Rademacker (University of Bristol) Conference Summary Charm 2023, Siegen 99



Candidates/(1.0 GeV)

LHCDb: arXiv:2209.09840 (2022)
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2022-030.html
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