S o—

;: VET VLEW O V\d & halle MS e S

’ Sl
."'A p o
: v
s
5ot 1

Aocife Bharucha, CPT (with help from Elisabeth Niel, EPFNL and Anbtoine Grerardin, CPT)
G DR-INF Annual Wc:-rwshap, Mont Sainte-0dile &-% November 2023



Mo per turbative as cts WG

o Conveners: Aoife Bharucha, Antoine Gérardin, Elisabeth Niel

o Subjects:

- Heavy-flavour production
- Spectroscopy

- Predictions and measurement of form factors

o Goals:

- Test QCD predictions
- Input needed for other measurements and interpretation of NP sensitive channels

- Exotic bound states of quarks (tetra- and pentaquarks).

- ->Overlap with GDR QCD



Heavy flavour pro duction

Heavy flavour production is a tool to test Quantum Activities in France:

Chromodynamics QCD in high-energy hadronic collisions ALICE: charmonium production as a function of

in different regimes: charged-particle multiplicity. Study multiparton
interactions in a single hadron-hadron collisions

Production in pp: CMS: study of fragmentation of jets in PbPb and
pp collisions

- (Open) heavy flavour production in pp collisions LHCb: charmonium production in pp collisions,
open and hidden charm production in fixed-

- Quarkonium bound states target collisions and baryon-to-meson ratio in
PbPb collisions.

In nucleus-nucleus and p-nucleus collisions: Belle II: bottomium spectroscopy

LHCb-PAPER-2022-015 A Xiv<2210.06939v5 https://arxiv.org/abs/2204.10253

ALICE, p-Pb s, = 8.16 TeV

LHCb @ LHCb y(2S) - u'u, -4.46 < V. =296
¢+ LHCb PbPb@5.02TeV HE

\sx = 68.5 GeV pNe 2<y<45,(N,, )=15.75 £ 10.01 "] Percolation + comover
—$— Data - [_] Uncorr. syst. + EPS09
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4 Vogtno IC
1 Vogt 1% IC

- Hard scttering at early stage of
collisions, before Quark Gluon Plasma
forms.

- Study Cold Nuclear Matter effects
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Spectroscopy

Conventional spe&&ras&apjz
o production of doubly heavy baryons:
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o amplitude analysis of mesons and baryons multi-

body decays:
D >n'na
DT > it
AT > pKx”"
. Ny > pKy

(on-going)

See also talle b'j
Valerio Bertacchi
on B ko DKK and
DDs d@.{:avs ak
Relle 11
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Exobics
Multiguark hadrons exotic:

 Tetraquarks: ggqqg

« Pentaquark: gqqqq
Not in charmonium/bottonium spectrum

New naming scheme proposed by LHCb:

> T for tetra and P for penta

> Superscript: indicate isospin, parity
and G-parity

> Subscript: heavy quark content

2014 2015 2020 2021



iINSPIRE exer

Christine T.H. Davies
Martin Hoferichter
Christopher M. Bouchard
Javier Virto

Stefan Meinel

Andreas Crivellin
Antoine Gérardin

Jana Gunther

Lukas Varnhorst

William Parrott

Show 90 more

Subject

Lattice

Phenomenology-HEP
Experiment-HEP
Theory-Nucl

Experiment-Nucl

arXiv Category

hep-lat
hep-ph
hep-ex
nucl-th

nucl-ex

Collaboration

Budapest-Marseille-Wuppertal
HPQCD

literature fin t form factors not t gravitational and date 2023 Q

attice Ccaicuiation o e D, meson radiative torm ractors over the 1ull Kinematical range

R. Frezzotti (Rome U., Tor Vergata), N. Tantalo (Rome U., Tor Vergata), G. Gagliardi (Rome lll U.), F. Sanfilippo (Rome Ill U.), S.
Simula (Rome lll U.) et al. (Jun 9, 2023)

Published in: Phys.Rev.D 108 (2023) 7, 074505 - e-Print: 2306.05904 [hep-lat]

pdf ¢ DOI [= cite [Q reference search %) 2 citations

B — D*{v, semileptonic form factors from lattice QCD with Mdbius domain-wall quarks

JLQCD Collaboration - Y. Aoki (RIKEN AICS, Kobe) et al. (Jun 8, 2023)
e-Print: 2306.05657 [hep-lat]

pdf [= cite [[Q reference search %) 9 citations

Discriminating B — D" ¢ v form factors via polarization observables and asymmetries

Marco Fedele (KIT, Karlsruhe, TTP), Monika Blanke (KIT, Karlsruhe, TTP and KIT, Karlsruhe, IKP), Andreas Crivellin (PSI, Villigen and
Zurich U.), Syuhei Iguro (KIT, Karlsruhe, TTP and KIT, Karlsruhe, IKP), Ulrich Nierste (KIT, Karlsruhe, TTP) et al. (May 24, 2023)

Published in: Phys.Rev.D 108 (2023) 5, 5 « e-Print: 2305.15457 [hep-ph]

pdf @ DOI [= cite [[Q reference search %) 4 citations

A-Baryon axialvector and pseudoscalar form factors, and associated PCAC relations

Pei-Lin Yin (Nanjing U. Posts Telecom), Chen Chen (Hefei, CUST and PCFT, Hefei), Christian S. Fischer (Giessen U. and Helmholtz
Res. Acad. Hesse for FAIR), Craig D. Roberts (Nanjing U.) (May 16, 2023)

Published in: Eur.Phys.J.A 59 (2023) 7, 163 - e-Print: 2305.09831 [hep-ph]

pdf ¢ DOI [= cite [d reference search %) 1 citation

Dispersive Analysis of B — K*) and B, — ¢ Form Factors

Nico Gubernari (Siegen U.), Méril Reboud (Durham U., IPPP and Durham U.), Danny van Dyk (Durham U., IPPP and Durham U.),
Javier Virto (Barcelona U. and ICC, Barcelona U.) (May 10, 2023)

e-Print: 2305.06301 [hep-ph]

pdf [= cite [[Q reference search %) 12 citations

Lattice calculation of the 7r0, n and 77' transition form factors and the hadronic light-by-light
contribution to the muon g — 2

Antoine Gérardin (Marseille, CPT), Willem E.A. Verplanke (Marseille, CPT), Gen Wang (Marseille, CPT), Zoltan Fodor (Wuppertal U.
and Julich, NIC and Eotvos U. and Penn State U.), Jana N. Guenther (Wuppertal U.) et al. (May 8, 2023)

e-Print: 2305.04570 [hep-lat]
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Ove ecenk progress
b to ¢: Veb, R(D).. b to u: Vub

arXiv:2203.04938
Recent B to pi FFs bj ILQCD, Vub
New resulkts for B ko D*x from HPQCD, large but large uncertainties.
and ILQACD ILQCD working ok B update.
(See slide 9 for more info) HPQCD currently working on
B(s)- w(K). Fermilab/MILC also

working o B, Bs—K and Bs—Ds
(Judd Harrison, LHCD Implications, 2023)
arX1v:2301.09229

b to s: BR, P(5)Y, R(K) .. ¢ to u, ¢ to s

Story: LFU rakios F?Y‘Ob&bi.j SM-Like Lattice calculation of the
Skl have Eo ﬁfigure ouk Mkv Ds meson radiakive aform {a&&ors over
bramamv\g rakios and P85’ nok SM-Like i the full ‘f‘f«ﬂeﬁﬂ&&iﬁfﬂ ff?hs@-; i
) (Soe nexh o dﬁ) Frezzotti, Tantalo, Gragliardi, Sawﬁtnpo

L Xiv- 230605004 Stnaula ek al.

See also talk by Giuseppe Gagliardi



: : arXiv: 2305.06301
o Recent progress involve work on dispersive bounds for

local form factors, and non-local hadronic matr|>a<rXiV: Tk

elements, N. Gubernari, M. Reboud, D. van Dyk and J. Virto, Also studied
dispersive approach for baryonic decay A, = A(1520) m.

Reboud, Y. Amhis and M. Bordone arX1v: 2208.08937

2mpy M p

AT (B — Mytl) = N,y {(Cg F Cr0)Fa(q®) +

‘ .Z\_/[ 9
5 C:F3 (%) — 167T2—B7-()\((1')] }
q mp

o After these results SM predictions can still not explain P5’
anomaly

o S-wave form factors for B — K7 by s. pescotes-Genon, A. khodjamirian,
J. Virto and K. Vos arXi1v: 2304.02973

o Continue exploring the high-q2 region, with e.g. from
arX1v:2303.02174

D, — ytoB; — yu u athigh g2 arXiv:2308.00034

See kalle b‘j Irene Bachiller

o Open questions: 1) Can some anomalous branch cuts in
charm loop be responsible? 2) Can Lattice QCD help? 3)
[2212.10516] Can we extract the g2 behavior from data?

See ballks b\j Christina Agmpopoutou, Salvador Rosauro-Alcaraz7


https://arxiv.org/abs/2303.02174

b to ¢ |

o Recent result for B>D# from HPQCD and

JLOQCD arXiv: 2306.05657 arXiv: 2304.03137 | - 1LOCD 23
s HPQCD '23

Exp data (BGL)

o New results for B to D* from Belle |
inconsistent with Fermilab/MILC R1 and R2,
and new HPQCD, new JLQCD in better AG2023

agreement, but larger uncertainties . B-D*Lv

B-D{v Inclusive

o Crucial to resolve this inclusive exclusive discrepancy, as
mentioned earlier important quantity for: unitarity tests, €y,

BB, — u*u"), BB — Kui)

o On inclusive side, recent improvements involve QED effects in
arX1v: 2309.02849

inclusive Semi-leptonic B decays M. Bordone, D. Bigi, P. Gambino, U. Haisch and
a. riccione Non-perturbative LQCD methods for inclusive decays

in development (Gambino et al) amxiv: 2203.11762
See balle bfj Ludovico Vittorio.,, Bogdan Dobrescu ¥




Receink 9*2, F'r(;) qress

® Hadronic Vacuum Polarisation (HVP, cxz)

- Target precision: ~0.2%

s Bl\/lWI 2k (/ZIIZO_HVP — (7075 e 55) X 10_10 BMW Experimental
lattice QCD Average
arxXiv:2002.12347 Standard Model
® Hadronic Light-by-Light scatt. (HLbL, a3) S

White Paper
Standard Model

i 1775 18 185 19 195 20 205 21 215
- Target precision ~10% ‘&

aux109—1165900

= LQCD 71'0, H, 7’]' form factors+g-2 LBL—> 6% precision by A. Gérardin, W. Verplanke, G. Wang, Z. Fodor, J.

Guenther, L. Lellouch, K. K. Szabo, L. Varnhorst 4+ Xiv:2305 04570
RBC/UKQCD ’23

FHM 23
@ Intermediate window : ~30% of the total contribution ETM ’22
ChiQCD 22
Mainz 22
- Easier to compute on lattice (and accessible from R-ratio data !) - small finite-volume effects, Aubin et al. 722

small electromagnetic correction LM 20
BMW 20

o : . : : R-ratio (BBGKMP 23)
- significant tension between lattice calculations vs data-driven approach

See talk bv Marc Kinecht o



Exciting programme for the non-perturbative
wOTKING group session:

(LN — 16:00 GDR-InF Annual Workshop: Non-perturbative aspects Q@ Mont Sainte Odile

Conveners: Aoife Bharucha (CPT, Marseille), Benjamin Audurier (CEA), Dorothea vom Bruch (Aix Marseille Univ, CNRS/IN2P3, CPPM, Marseille, France)

Overview ®20m

Speaker: Aoife Bharucha (CPT, Marseille)

g-2 overview
Speaker: Marc KNECHT (CNRS)

QCD x QED on the lattice
Speaker: Giuseppe Gagliardi

Unitarity constraints and hadronic form factors within the Dispersive Matrix approach

Speaker: Ludovico Vittorio (LAPTh, Université Savoie Mont-Blanc and CNRS, Annecy, France)
(XD — 16:30 Coffee break ® 30m

(<1 — 18:30 GDR-InF Annual Workshop: Non-perturbative aspects ? Mont Sainte Odile &

Conveners: Aoife Bharucha (CPT, Marseille), Benjamin Audurier (CEA), Dorothea vom Bruch (Aix Marseille Univ, CNRS/IN2P3, CPPM, Marseille, France)

Measurement of the branching fractions of B — DWKK® decays in Belle I ® 20m
Speaker: Valerio Bertacchi (Aix Marseille Univ, CNRS/IN2P3, CPPM, Marseille, France)

Studies in non-leptonic B meson decays through flavour symmetries and some little puzzles

Speaker: Gilberto Tetlalmatzi-Xolocotzi

Overview PIXEL workshop

Speaker: Benjamin Audurier (CEA)




Recent work U France

e
o |JCLab (B. Blossier, S. Descotes-Genon, M. Reboud) : Work by Aeiih .
SDG and MR on b to s, see next slide e SR e o o
o CPT (AB, J. Charles, A. Gerardin, M. Knecht, L. Lellouch,S. =% . S
Zafeiropolous) : Work on g-2, see slide 10. Determinationiiof the 0 ‘:\‘;,;\ R
structure of the K=>murut amplitudes from recent data G. ‘“\ sz\?fh
D'Ambrosio, M. Knecht, S. Neshatpour . gt R £

arXiv: 2209.02143

@ LAPTh (D. Guadagnoli): B, = yu™u~ e

arXiv:2303.02174
arX1v:2308.00034

See also balles bv Ludovico Vittorio (LAPTh) and Marc Knecht (CPT) !
11



https://arxiv.org/abs/2303.02174

New resulks in heavy flavour+spectroscopy

Resonance m (MeV) [' (MeV)

o First observation of two new excited sic states near =D and =Dx thresholds, Sl Dousoviiion  amiamdg
< 1.8MeV,95% C.L.

confirmed bj Belle 2302.04733 § new harrow states observed bj LHCD in peoor ok | el e

j | o(: 3118.98 £ 0.12 1993 £0.23 0.60 & 0.63 *7-02

2017, 4 of them confirmed bv Belle Use full Runl+Run2 data [9 fb-1] AlL e cuwigit

3327.14+1.2 191 4+0.2

previcus states confirmed with improved masses and widths precision, Two
new states { near =D and =D« thresholds) sze(31%8)0, s2c(3327)

Value [MeV]
23.60 & 0.11 =+ 0.02
i ; e - = 0.94 4 0.30 & 0.08
@ Search ﬂf()r New —=* *b’ sktates in W\(:b ‘ﬂ‘“"“ﬂ“-) with Runl+Run data :—/Ob = 6099.74 + 0.114 0.02 + 0.6 (=)
it | & T : . - 16.20 £ 0.20 = 0.06
—o/+c - and =Of/+¢c -1+ 1— (ma\x« 2 &T‘O\QM’S.) First observation Oﬁf :b(ﬁaﬁ'?) 243+ 0.51 + 0.10
6087)°]  6087.24 4 0.20 + 0.06 + 0.5 (=2)

and Zb(6£098) — LHCb-PAPER-2023-0c0% (In preparaﬁmn) 6095)°]  24.32+ 0154 0.03

6095)°] 0.50 & 0.33 &+ 0.11
6095)°]  6095.36 + 0.15 + 0.03 £ 0.5 (=2)

o Most precise measurement of mass difference and production ratio of s-b
and =-b arXiv:308.15329 ' LHCb, Y'(1S)

{s=5TeV,9.1 pb”
—3— LHCb

o Cross—sections of Y mesons measured with improved precision [TINRQcD

arXiv:2212.12664-

+‘

o First measurement of prompt /Y - Y associaked Frocluc&mv\, effective
cross-section was found tampa&bte with other hadro-production
nmeasurements arXiv:2308.1658%0

12 From Lepton Photon 23 talk by Yixiong Zhou



