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Thanks to the orgamsers 1Cor choosmg the great venue!

e Dominicans (Dominikus N70=1221) have a long
intellectual traclltxon £.8 Alberts Magnus, Thomas fro -‘"
Aqum, Meister Eckart,

e Areal teaching“CHAl R” can be seen at a Dominican
church in Regensburg

o Theg are a medicant order - reminds to l:)eging for

money from politicians. writing fund applications. . ..
9, P ) 5 R )

We might take over some of their experience N treating

People with different oPinions. =4

Referees

Esteemed co”ea gues |
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Idea of outlook

e NO Presentation of results that will be shown later

W¢e Wl“ ]’18V€ mang iﬂtéf’éStiﬂg ta||<s and a 'Z]"IGOFH summarg

e Show results from groups not Present at CHARM 2016
o Systematic) brief overview of our field and its aims

¢ Tryto Point out some directions, that miglﬁt be
imPortant For the Future clevelopment cnc our ﬁelcl




Sessions@ CHARM2016

e Heavylons

o Multi-boclg hadronic clec:ags and amPIi’tucle analgsis

o Lel:)tonic, semi»-leptonic and rare clecags (CKM elements)
e Charm DBaryon clecags

e Charmonium and Exotics, Procluction and sPectroscopg

e e Violation, Mixing and non~|ePtonic &ecags
o OPen Charm Production and sPectroscoRg

& Future Prospects

A.lenz CHARM 2016, Bologna
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' Outline: an Cnarm~l:>n95ics?

What is special about charm?

- Mass: charm is neither neavg nor light; do tlﬁeorg tools (e.g. HQE, factorisation,..) work?
- very strong GIM cancellations

- lots of data for uP-tgPe quarks and B- and K-mesons are alreaclg very well studied |
Understanding of QCD: -’
-Spectroscopy, exotics: Cheung, Cleven, Burns,Fernandez, Gonzalez, Pilloni, Ryan, Brambilla ;
~ neavg jons: quark~g|uon Plasma Geurts, Arleo) Berardo, Vairo }
- Charm Production: Perturbative QCD Haidenbauer, Zhao, Wang \
- IePtonic, semi~|e|:>tonic decags: clecag constants, form factors (Lattice, sum rules) El-Khadra |
- hadronic clecags: SU(3)r Santorelli, Lattice Moir, Dalitz Loiseau, Nakamura Magalnaes

- MIXINg; do any of our tneorg tools work? Martinelli, Ciuchini HQE? Compare to lifetimes!
Determination of Standard model parameters:

- CKM elements, most|9 Vs and V.a Derkach

- Quark mass M.

Search for new Pngsics: New Pngsics mignt be nea\/9 and tneorg tools could work

~ D-meson deca95 (leptonic, semi~|eptonic, hadronic ones) Kosnik, Paul, de Boer

S S SR S Rl )Y couplecl to up-type quark sector, ...

- indirect charm contributions (g~7_ on the lattice, ePsilonwK on the lat’cice,...) r‘-

Understancling of Quantum Mechanics Briere ‘

e o nTTERCR . —~



Summary; arXiv:1606.08798

via meson masses: m./mg = 11.877(91), my/m, = 4.528(57)
via moments: as(p =me,ng =3) = 0.3945(75), m.(p =me,ng = 3) = 1.267(11) GeV

{a,(Mz,nf =5) = 0.11622(75)

evolving with 4-loops PT in MS scheme:
RunDeC package

ms(p =2GeV,np = 3) = 92.0(1.5) MeV
mp(p = mp,ny = 5) = 4.184(83) GeV

Ne=2+1+1 HPQCD’15
Ne=2+1+1

MILC' 14 ETMC’16

HPQCD’15

our study

HPQCD'10

105 11 115 12 125 43 44 45 46
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What is sl:)ecial about Charm?

Mass of charm: charm is neither heavg nor light; do theorg tools like HQE work?

HQE works very nicely in B-phuysics
Y Y Y

I

A? A° A4
I's ['s - B
m2 2 g T gt

Comparison with Experiment (HFAG=ATLAS, CMS, LHCh, CDF, DO vs. ABL 2015)

AT
I8

)

Exp.

BO

= (0.083 £ 0.006ps ™+

(

Does this also work in the charm sgstem?

A.Lenz

TR

Y
Y

AT
I

3.3

SM.

BO

— (0.088 + 0.020ps ™~ *

CHARM 2016, Bologna
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Figure 1: Contributions to I'y; from operators of dimension 6 (D = 6). The leading order QCD
diagram is shown in the left panel, an example for a, corrections is shown in the right panel.
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What is sPecial about Charm?
Verg strong GIM cancellations in mixing and rare clecags

Consider on|9 the first term:
R el

Do the full exPrcssion (use CKM unitaritg)

H E SS S — Exp.

HQE itself gjves not small numbers, but extremelg effective GIM cancellation

similar efHfects in Penguin induced charm clecags

A.lenz CHARM 2016, Bologna
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FIG. 1: (a) D°-D° Mixing, (b) D° — ptp~.




Unclc—:rstancling QCD

Spectroscopg, exotics: Cheung, Cleven) Bums,f:emanclez) Gonzalezj
Pilloni, Ryan, Brambilla
Heavy jons: quar|<~g|uon Plasma Geurts, Arleo) Berarclo, Vairo

Charm Procluction: Perturbative G, Haidenbauar, Zhao, Wang

SR, > SU— W

|<—:Ptonic, semi~|eptonic clecags: clecag constants, form factors (Lattice,
sum rules) El-kKhadra

hadronic clecags: Santorelli, Lattice Moir, Dalitz Loiseau, Nakamura
Magalhaes

miXINg; do any of our theorg tools work? Martinelli, Ciuchini HQE?

Coml:)are to lifetimes!

A.lenz CHARM 2016, Bologna
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Z-(3900) Z(4430) X(3872) Z.(4025)
m quarkonium-like states: valence quark structure QQq’g
m Neutral ones, g = ¢, e.g. X(3872), Y (4260), etc.
m Charged ones, q # q’, Z-(3900), Z-(4025), Z(4430), etc.
m Close to thresholds of mesons: Qg and Qq’

Plus the newly discovered pentaquark states: P, etc.




Heavy Exotic Molecules with Charm and Bottom

Yizhuang Liu* and Ismail
of Physics and Astronomy, Stony Brook University, Stony
(Dated: August 24, 2016)

We revisit the formation of pion-mediated heavy-light exotic molecules with both charm and bot-
tom and their chiral partners under the general strictures of both heavy-quark and chiral symmetry.
The chiral exotic partners with good parity formed using the (0%,1%) multiplet are about twice
more bound than their primary exotic partners formed using the (07,17) multiplet. The chiral
couplings across the multiplets (0%, 1) cause the chiral exotic partners to unbind, and the primary
exotic molecules to be about twice more bound, for J < 1. Our multi-channel coupling results
Mmmmmwmm-in” 1** binds, which we identify as
the reported neutral X(3872). Also, thebouomi-otripmmicmth.l'c 1"~ binds, which
nndunfyuumnmdthwwmz*(lwlo)mdz*(lmm The bound

isosinglet with J”C = 1** is suggested as a possible neutral X,(10532) not yet reported.

New York 11794-3800, USA

Hadro-quarkonium from Lattice QCD

Maurizio Alberti,’ Gunnar S. Bali,>® Sara Collins,? Francesco Knechtli,' Graham Moir,* and Wolfgang S
'DwimauolPhyua Bergische Universitat Wuppertal, Gaufistrafle 20, 42119 Wuppertal, Germany
Universitat Regensburg,

Uniunayo]w Wilberforce Road, Cmbridgc, CB3 O0WA, UK

hadro-quarkonium picture [1] provides one possible interpretation for the pentaquark can-
didates with hidden charm, recently reported by the LHCb Collaboration, as well as for some of
the charmonium-like “X,Y, Z” states. In this model, a heavy quarkonium core resides within a
light hadron giving rise to four- and five-quark /antiquark bound states, We test this scenario in the
heavy quark limit by investigating the modification of the potential between a static quark-antiquark
pair induced by the presence of a hadron. QOur lattice QCD simulations are performed on a CLS
ensemble with Ny = 2 4 1 flavours of non-perturbatively improved Wilson quarks at a pion mass of
about 223 MeV and a lattice spacing of about a = 0,0854 fm. We study the static potential in the
presence of a variety of light mesons as well as of octet and decuplet baryons. In all these cases, the
resulting configurations are favoured energetically, however, the associated binding energies between
the quarkonium in the heavy quark limit and the light hadron are found to be smaller than a few
MeV, similar in strength to deuterium binding.

The X (4140), X(4270), X(4500) and X (4700) and their css tetraquark partners

Jing Wu', Yan-Rui Liu'*
'MdM“KqMMQIWMﬂPM
Irradiation (MOE), Shandong University, Jinan 250100, China

Kan Chen®”?, Xiang Liv**
’wq'wmumuum Lanzhou 750000, China
Research Center for Hadron and CSR Physics, Lanzhou University
and Institute of Modern Physics of CAS, Lanshow 750000, China

Shi-Lin Zhu*551

‘wqmu&ukqmqmmummmmmm China

Center of Quantwm Malter, Beijing 100871, China

‘mqwmmmm Beijing 100871, China
(Dated: August 30, 2016)

In the simple color-magnetic interaction model, we investigate possible ground cséd tetraquark
states in the diquark-antidiquark basis. We use several methods to estimate the mass spectrum and
discuss possible assignment for the X states observed in the J/¢¢ channel. We find that assigning
the Belle X(4350) as a 0" tetraquark is comsistent with the tetraquark interpretation for the
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H Ca\/g l O ﬂ 5 -— ions, electrons

e Quark Gluon Plasma

-2—— electrons, neutrons, nuclei

\

neutron-proton Fermi liquid
few % electron Fermi gas

& LISC 3150 charm quarks) to

iolenthcy Properties of the
QGFP

quark gluon plasma?

see arternoon session

Expansion of the Universe

Al(.’ the Big Bang, the universe expanded and cooled. At about 107 second, the universe consisted of a soup of quarks, gluons, electrons, and
neutrinos. When the temperature of the Universe, T ..., cooled 1o about 10'° K, this soup coalesced into protons, neutrons, and electrons. As time
progressed, some of the protons and neutrons for euterium, helium, and lithium nuclei. Sall later, electrons combined with protons and these
low-mass nuclei to form neutral atoms. Due 1o gravity, clouds of atoms contracted into stars, where hydrogen and helium fused into more massive
LIIL‘Illi\J. C'(Hl(“l-‘\ l \:," ».'ul:; sLars ‘\x.l-:lnu\,u‘l form 1,'(' MOSE Massive C'(‘lncl‘l\ .lffxi .,':i\}\;‘t\c {?zclrl no \l"": ()\x' car ' ’| wias lom ;\,i from

SUpPETNOva debris

&

2

S 1105 m =

: ‘ OOt 4
D E g

YA k

Big quark-gluon proton & neutron  formation of formation of star dispersion of

Bang plasma formation low-mass nuclei ncutral atoms formation massive clements
Tosivene  >107K 10" K 10” K 4,000 K 50 K-3 K <50 K-3K
time 105 10°% s 3 min 400,000 yr 3x107yr >3 % 107 yr

A.lenz CHARM 2016, Bologna
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‘Durham Model’ of Central Exclusive Production

* Model via diagram shown: two gluons exchange in the t-channel. Use
of pQCD justified by hard scale ~ My . IR stable result due to Sudakov
factor: probability of no additional hard radiation.

* However must also include probability of no additional soft secondary

particle production, independent of hard process: the soft survival
factor 52, discussed before.

— Both soft and hard QCD must be included.
J, glx1,--+)

o 1P€ = 0** selection rule:
these quantum numbers are
dominantly preferred, i.e. only S
certain gg —+ X helicity
amplitudes contribute, not the
usual inclusive sum.

Rhorry Gauld,"*| Ulrich Haisch,23f Ben D. Pecjak,’ ! and Emanuele Re?'§

! Institute for Particle Physics Phenomenology, University of Durham, DH1 SLE Durham, United Kingdom
? Rudolf Peierls Centre for Theoretical Physics, University of Ozford, OX1 3PN Ozford, United Kingdom
YCERN Theory Division, CH-1211 Geneva 23, Switzerland
(Dated: May 12, 2015)

The LHCb collaboration has recently performed a first measurement of the angular production
asymmetry in the distribution of beauty quarks and anti-quarks at a hadron collider. We calculate
the corresponding standard model prediction for this asymmetry at fixed-order in perturbation
theory. Our results show good agreement with the data, which is provided differentially for three
bins in the invariant mass of the bb system. We also present similar predictions for both beauty-quark
and charm-quark final states within the LHCb acceptance for a collision energy of /s = 13TeV.
We finally point out that a measurement of the ratio of the bb and ¢ cross sections may be useful
for experimentally validating charm-tagging efficiencies.
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Dec39 Constants

+ £
o lePtonic clecags have the simplest Possible hadronic D+ >N\LV,\,\<
structure of all meson clecags d v

2
G%‘|ch|2'rl) m?
_ ‘ (s) p2 2 . £
B(D(s) — fl/g) — 7 fD(s)mng(s) 1 mD( |

e all hadronic Phgsics is encoded in the clecag constant Rosner, Stone, PDG
= i I
Olevuv59|Dg(p)) = fD,Pp,
* Decayconstants are determined via LATTICE-QCD, sum rules, ...

A.lenz CHARM 2016, Bologna
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Model

Experiment (our averages)

Lattice (HPQCD) [22)
Lattice (FNAL+MILC) [23]
PQL [24]

QCD sum rules [25]

QCD sum rules [26]
QCD sum rules [27]
QCD sum rules [28]( I)
QCD sum rules [28]( II)
QCD sum rules [29]
Field correlators [30]
Light front [31]

S D? (MeV)
2575+ 4.6

246.0 £ 0.7 +3.5
246.4 £ 0.5 % 3.6
244438

205 4 22

2453+ 15.7£4.5
246 + 6

241 412

258 4 13

238%33

260 + 10

268.3 + 19.1

Jp+(MeV)
204.6 £ 5.0

208.3+1.0+3.3
209.2 + 3.0 + 3.6
197+9

177 £ 21

206.2 + 7.3 % 5.1
204 + 6

208+ 11

211+ 14

201432

210 4 10

206 (fixed)

fpi/fp+
1.258 £ 0.038

1.187 £ 0.004 % 0.012
1.175 £ 0.019

1.24 +0.03

1.16 £ 0.01 + 0.03
1.193  0.025 % 0.007
1.21 4 0.04

1.16 + 0.07

1.22 £ 0.08

1153008

1.24 4 0.03

1.30 £ 0.04




(KIV¥|D) = (%) | P + Pic —

Leptonic Semileptonic

0 Lattice W Experiment  mmm EM

Comparison of contributions to | Ves| errors from the leading leptonic decay®
and semileptonic decay2 determinations. Radius is proportional to total error.
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Hadronic dccags

What have we learnt in theory from the AAqp

Alexander Lenz
IPPP Durham

Charm 2013, Manchester A. Lenz, September 3rd 2013 -p. 1

A.lenz CHARM 2016, Bologna
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e Cabibloo Havouve ceq D®—m kKT c—> Sud

GED pevopa shat
. 'I.u\:nn\u

e Doclly Cabibbo =uppwssed e.a. D° - K*
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Hadronic clecags
How to treat hadronic clecags in theorg?

e Factorisation like in B-clecags IS unlikely to work - but test!
* Tryto use symmetries, ke SU(®) F-> experimental test channels!

e Can lattice say somethir\g?

1. Multiple-channel generalization of Lellouch-Luscher formula
Maxwell T. Hansen, Stephen R. Sharpe (Washington U., Seattle). Apr 2012. 15 pp.
Published in Phys.Rev. D86 (2012) 016007
DOI: 10.1103/PhysRevD.86.016007
e-Print: arXiv:1204.0826 [hep-lat] | PDF

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service

Detailed record - Cited by 125 records

Generalisation to
o multi—-boclg decays

o bargonic clecags
A.lenz CHARM 2016, Bologna
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D-mixin g
do any of our theorg tools work? Heavg Quar|< E‘xpansion’?

: 2. (D°|Hy>“=tn) (n|H 2= D)
2Mp Mp — FE,, + i€

n

i | - .
M — - 1‘) — DP|HIACI=2| no
< oY), = aary P TTIDY £

o the first term is short-distance, it can be treated like in the B-system
- need matrix elements of 4~quar|< operators
currentlg done on the lattice =2 Fermilab-MILC D EARV &
- hea\/g new Phgsics contributes here!
o the second term looks like |ong~clistance
- try to determine with modelsj sgmmetriesj.... e.g. I:an<, Grossman, Ligeti, Petrov heP-—
Ph/ ONoAl7; Falk, Grossman, Ligeti, Nir, Petrov hep-l:)h/ 0402204 numerical size of
experiment s rel:)roclucecl) but not a first Princip!e calculation
- try to determine on the lattice: very difficult!  Hansen, Sharpe?
sty FIQE (magbe failure of HQE is mimicked bg extreme GIM cancellation)

e.g. Digj, Uraltsev can be “tested via charm lifetimes”

e o I S—

A.lenz CHARM 2016, Bologna
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- ETM:

nf=2+1+1 =
arXiv:1505.06639

+ Fermilab/MILC:

ng=2+1 u

- ETM:

ng=2 J
arXiv:1403.7302

0.025

0.035
(GeV?)

0.045

0.6 08 1
Kronfeldel attice 2016
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Test of valiclity of HOE in the charm sgstem

Charmed meson lifetime ratios are very well measured

(D15
= 2.536 = 0.019
Tl

looks like 150% correction in the HQE, but it could be on|9 40%:(1+0.4) /(1-0.4) = 2.3%!

e The corresponczling theorg Precliction is not atfected bg GIM cancellations

u u

(a) Pauli Interference (b) Weak Annihilation in D"

A.lenz CHARM 2016, Bologna
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Q= &yu(1 — v5)q gv*(1 — vs)c, & =c(l —75)q q(1 +s)c,
T9 = eyu(1 —v5)T% gy (1 — v5) T, Tg=¢(1—5)T%q q(1 + v5)Tc.

= 2.+ 1. 7thadronic) 03 (scale) 4 1 (parametric)

(759 s




12 = [3(146%),

Iz = Tig(1+6%),

9 — T9%(1 4 §9) |
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e CKM elements

° Quark mass mc

Katsuma, JLOQCD,
| attice 2016

A.Lenz

Vcd
Vcs
Vcb

= (0.225 == 0.008
= 0.986 = 0.016

= ().0411 4

Determination omc Standard Moclel Parameters

PDG online

- 0.0013

Veal? + [Vas|? + |Vip|2 = 1.024 + 0.032

».—4

HPQCD 14
ETM a 14
ETM b 14

W=2+1+1

nf=2+1

This work
Maezawa et al 16
HPQOCD 10
HPQCD 8

¥ QCD 14

nf=2

ALPHA 13
ETM a 11
ETM b 11

PDG

1.25

13 1.35
m.(m_.) GeV

1.4 1.45 15

CHARM 2016, Bologna
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| Conclusion

e Charmis compiementarg to many ongoing studies!

e Havea great conterence!

o HOPC 1COF man9 new charming I’CSUitS

‘; o HoPe we will also experience many of the specialities from Emilia Romagna

| ———

CHARM 2016, Bologna
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Eveni ng, Prager?

| believe in the HQE, the almig]’wtg series,

creator of true Preclictions.

| believe inits convergence also in the charm sector...

A.lenz CHARM 2016, Bologna




