WG5S — Physics with Heavy
Flavours

An attempt to summarize
Top researchers having Charming skills
who presented Beautiful results

James Libby', Javier Virto?, Vishal Bhardwaj?
IIT Madras, 2 TUM, 31ISER Mohali
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https://en.wikipedia.org/wiki/National_Museum_of_Cinema
https://www.facebook.com/ValerioMinatoPh/

Top production at LHC (theory): Rene Poncelet
Top pairs at the LHC: Sergio Grancagnolo
Rare top production ttW, ttZ, ttgamma, tttt at the LHC: Joscha Knolle

. 8 sessions
Top properties at the LHC(theory): Markus Schulze 21 Talks
Top properties at the LHC : Baptiste Ravina 30+5’

Single top production at the LHC : Achim Geiser
Direct determination of top quark width with bb4l : Tomas Jezo

Spectroscopy of conventional hadrons at e+e- machines: Kiyoshi Tanida

Results of the XYZ states from experiments : Liang Yan

Heavy flavour spectroscopy and exotic states at the LHC : Roberta Cardinale
Quarkonium studies at Belle Il : Yuji Kato

Quarkonium results in heavy-ion collisions: Roberta Arnaldi

Heavy flavor/quarkonium production at the LHC : Hee Sok Chung

Constraining gluon PDFs and TMDs with quarkonium production :Melih Arslan Ozcelik

Production of quarkonia and heavy flavour states in ATLAS: Paolo Lengo

Results from Charm baryon spectroscopy at LHCb. Belle and BESIII : Roberta Cardinal
Heavy-flavour hadron production at LHCb :Hans Dembinski

Heavy-flavor hadron production in heavy-ion collisions: Petr Chaloupka

Enhanced production of A__in proton-proton collisions at LHC :Rafal Maciula

Radiative leptonic decay B—y®@ve with subleading power corrections :Yao Ji
Measurement of beauty production from dimuon events at HERA : Achim Geiser
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https://indico.cern.ch/event/749003/contributions/3375160/
https://indico.cern.ch/event/749003/contributions/3375159/
https://indico.cern.ch/event/749003/contributions/3375164/
https://indico.cern.ch/event/749003/contributions/3375162/
https://indico.cern.ch/event/749003/contributions/3375165/
https://indico.cern.ch/event/749003/contributions/3375166/
https://indico.cern.ch/event/749003/contributions/3360814/
https://indico.cern.ch/event/749003/contributions/3304022/
https://indico.cern.ch/event/749003/contributions/3331396/
https://indico.cern.ch/event/749003/contributions/3302410/
https://indico.cern.ch/event/749003/contributions/3328803/
https://indico.cern.ch/event/749003/contributions/3331399/
https://indico.cern.ch/event/749003/contributions/3348057/
https://indico.cern.ch/event/749003/contributions/3376273/
https://indico.cern.ch/event/749003/contributions/3331392/
https://indico.cern.ch/event/749003/contributions/3304024/
https://indico.cern.ch/event/749003/contributions/3302406/
https://indico.cern.ch/event/749003/contributions/3333507/
https://indico.cern.ch/event/749003/contributions/3376272/
https://indico.cern.ch/event/749003/contributions/3354244/
https://indico.cern.ch/event/749003/contributions/3332611/

New Physics in joint session with WG3

New Physics implications of the B-physics anomalies : Javier Fuentes-Martin
B-flavour anomalies in b->sll and b->clnu transitions at LHCb : Alessandra Gioventu
Heavy flavors at Belle ll: status and plans : Akimasa Ishikawa

Search for NP in CP violation with beauty and charm decays at LHCb :Matteo Bartolini

8 sessions : 21 talks
1 joint sessions with WG3 : 4 talks

.’ Each result is interesting and need attention by the community:
| Not easy to summarize 855” summary in 30” summary

Discuss few results, which we think are interested (based on our biased NN weights)
Apologies for missing crucial result due to time constraint !

—————————————————————————————————————————————————————

Divided into four main areas:
» Spectroscopy
» Production
» Top
» B decays

—————————————————————————————————————————————————————

v — - -

} Summarized by Javier Virto

s-———————————

Instructions from Organizers :
Summary should be state of an art ! 4139


https://indico.cern.ch/event/749003/contributions/3375163/
https://indico.cern.ch/event/749003/contributions/3375161/
https://indico.cern.ch/event/749003/contributions/3302418/
https://indico.cern.ch/event/749003/contributions/3351605/

ls National Museum of Cinema (Museo Nazionale del Cinema), Turin

ot | A\ . 4 | y
..., ., f \\‘//\ : & 3
He

| ’ v i .
State of an Art |

RS —



https://en.wikipedia.org/wiki/National_Museum_of_Cinema

Achim Geiser DIS inep @ 318 GeV 318 GeV

Boson-Gluon-Fusion _
Total beauty cross section p (920 GeV) e (27.6 GeV)

HERA Il preliminary :
Op torar €P — bbX (318 GeV) = 11.4 + 0.8(stat) ¥33(syst.)nb
380 pb-*
NLO QCD predictions
FMNR + HVQDIS = 7.5}2> nb

Agree within (large) uncertainties.
Interesting to get NNLO prediction [ exists for pp ]

Differential cross-section First time measurement

ZEUS preliminary ZEUS preliminary ZEUS preliminary
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-;5'- 455—| :l m.l; {p-l-ll 377t S = 1.3:255_ . | zEUS ipr\LI.} 3-.--,-“-" ! | O 23 AR _Sqrt (&q) +ﬁr] ) —
3 40; EEHDIEETP&AH x1.42 ; ‘g = o ﬁ:ﬁ:ﬁ'::‘;“u - zu: ® ZEUS (prel) 377pb™" * 3
2 iﬁ% 12— e % % w0 :;u::}_'# = [ —— (PYTHIALRAPGAP) x 1.82 I | =
- - 5 ° F 4 15— —
;ﬁé_ . E 15 = : -
15 ' I i[ = 1Df— 'L | = m; ! =
“];_ s !—:l E : 1 3 5__ . [ ; _ a
E_ *E ||||I|IIII III|IIII|IIII|I :llll_E 5:_ ﬁ{ I E _: = t E
2 15 -1 45 0 0.5 1 L5 B 2.5 l:I_I - '015- o I!II = llsl - Il I I |215 - ‘|§+ 0 e o b b b b b L
H . _L k
Muon pseudorapidity Sensitive to bb correlation®" ° % 1 15 2 2833 2
LO+PS describe better Lower scale NLO Agree with LO+PS,
than NLO prediction agree better NLO not calculated yet

First time measurement of charm in charged current DIS (discussed more in WG1 by J. NAMy



QCD : real particles are color singlet

Baryons are red-blue-green Mesons are color-

.. - triplets anticolor pairs .’
.//\=usd T=0d

artistic
Other possible combinations of quarks and gluons : illustration

Pentaquark _
H di- Glueball

_ Baryon I
S= +1 . Tightly . Color-singlet multi4g, | &
Baryon . bound 6 | gluon bound state o

quark state

eXoTiC

Tetraquark Molecule
qq -gluon
Tightly loosely bound . hybrid
bound meson- | mesons
diquark & antimeson
“molecule”

Qi-diquark




Events / (4 MeV)

Conventional states

Roberta Cardinale,
K|yosh| Tanlda
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3 E § o X(3842) A o
S 1005— X(384‘2) _E ~ 200;— J'lIL Xc2 (3930) =
3.8 381 382 383 384 385 386 381 YT ) 3.95 2 4.0 41 415
MDD [Gev/e?) mpp [GPV/ (:2]
New narrow charmonium state X(3842) : y5(13D3) with JPC =37~
First observation of spin 3 charmonium !
L Observation of excited 2~ in K decay
x10° e"e yisg 2 Y(15) . 18 =
140 F \L S 140 Q[B’%
N\ Y(28) - ynp(1S) G
100~ 2 o0k y | § 8
oF " i Il :
60;_ ‘25 38 20%_ Q (2012)
40 :. ! [ Ll !
E- £l 3
0: L | s L L L 'I L L . L L I-.-_. L .v '. | L L L s | E
0.3 0.4 0.5 0.6 0.7 K %
E, (GeV) s
Heavy Quark spin flip transition 5 Lle
8 v

-> important inputs for theories
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XYZ

C

Liang Yan,
Roberta Cardinale

X(3872) is still giving spectacular performance, don’t want to loose poster boy image.

Events | 5 MeVic

Events/ 5 Mewvic®

Events /10 ( MeV/c™

X(3872)—x
: e'e oy, 2y withy, =y 3 [ —+ Data
Som REGT Re=BOX = aga) /BX — ww I 5B ~ o
aof I -~ X(3960
Ro <19 (90% U.L.) = | .
Ri =0.88+031_gp6 +0.14 % 10l o Siotand
‘ R2< 1.0 (90% U.L.) § i
o o= AAST Ry £ W N |
Large R, suggest tetraquark 85 39 395 4 405
- nature of X(3872) ? M(wJy) (GeVic?)
2k B[X (3872) —sw J /4 .
} J JJ J | R = B[X[{:s:-.gvz;—3:+w—f},;-¢-.-] = 16703 £ 0.2
: ta- . . .
: e Ml 2 P Large Isospin violation (?)
= 50;%2’;?3,’: BES|Il preliminary
E :g Vs = 4.23GeV /s = 4.26 GeV /s = 4.36 GeV |Tetra-quarks-1 Tetra-quarks-II Molecule
g ?g Z.(so00)| 2.1x0.8 <64 2301330 0271010 0.046104%
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% ;S l Z.(4020) <19 < 1.2 < 1.0 6.62%° 0.0101 b0y
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Neutral partner of Z_(3900)*
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1000

500
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Ore

0

First observation of Y(4220) with an open charm final state.

M, = (4228.6 + 4.1+ 6.3) MeV/c2
[, =(77.0+6.8 +6.3) MeV
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Roberta Cardinale

LHCDb confirmed indirect existence of ZC(4200)+—>J/(,U]T+ (by Belle).
They did very interesting model independent 4D analysis.

>
>
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Candidates / (40 MeV)

XYZ

Data divided in m(K+11-) bins,
Check 3D angular distribution to check if described b=

conventional K* states (no need of exotic). 2 ssool
Require only knowledge of highest spin J, ., - -
=
Reject only K * hypothesis by 100 =
g

C

4000 =28
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Second struct
4600 ?

: : 3500
Amplitude analysis needed !
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u . ]
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ure at
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The Pentagquark

First pentaquark was found by LHCb around 4 years ago.

1000

o)
o
o

600

Events/(15 MeV)

V [PRL 115 (2015) 072001]

400

200
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Roberta Cardinale Pentaq uarkS (?)

b’ St D*0
1200 : : N_ear threshold masses and narrow
— data LHCD widths favour “molecular” pentaquarks
<1000 — total fit : preliminary
— background Loosely — bound pentaquark

Dor

3
(]
IIIIIIIIIIIIIIIII

Weighted candidates/(2 MeV)

600

= J /Y (cC)p(uud) suppressed (P narrow)
Tomasz Skwarnicki

my,, (MeV]
g < Need to measure JPs to confirm molecular
gj LHCDb preliminary 10?% hyp°th93is-
E o 3 Should have isospin partners !
g : 3 :
i 03 . .
o However, still the tightly bound-
B 5 pentaquark picture can’t be ruled out
18— i,
162215;133‘5:,4é515é 1

”r;n [GGV2] 12/39




Heavy Flavor Production



First observation of spin polarization of A/A Kiyoshi Tanida

Cross section
W(E oy AP o g ) =1 4 rrwm}.ﬁ‘ fa Spin Correlation

b oo r1_|| I:aj.u Oa (M1,2N2 0 — Ty g Tin y) {(Uh B f.lf,;g,) rszfzzrz]l
1

1 — ay? cos(AD)sin by cosbp () zN2,; + Ny 2T2) :

+4/1 — a2 sin{AP) sinfl cosla (114 + aynay,),

Polarization
Parameters This work Previous results A - p]‘[ _: a_:0.75010_00910.004
oy 0.461 £ 0.006 £0.007 0.469 £ 0.027 28]
A® (4244 0.6 £ 0.5)°
a_ 0.750 £ 0.009 £ 0.004 0.642 £ 0.013
oy —0.758 4+ 0.010 + 0.007 —0.71 + 0.08
ao —0.692 + 0.016 <+ 0.006
Acp 0.006 &+ 0.012 + 0.007 Dnﬂﬁiﬂﬂﬂlm
ﬁ.’[}/ﬂ+ 0.913 £+ 0.028 + 0.012
BESIII B aPDG @
a_ and a, are decay asymmetries i -
AST75 * B€S
CLE72 ——
As one uses /A information, other values are e [1963-75 )
also affected e.g.: oveer | B
a(Q - AK),a(E - AK),a(A, » AK) cross | .

PN ST T N T ST ST [N T T TS Y Y ST TN SN SO SN SO WO MY TS T S
0.5 0.55 0.6 0.65 0.7 0.75 0.8

Need for reinterpretation of all A polarization a_

measurements !
‘ 17% larger than a?P¢
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Quarkonium with Heavy lons

Heavy-favour quarks are good probes for studying QGP
Quarkonium : binding energies of order of hundred MeV.
Interactions with QGP can overcome this threshold breaking the quarkonium system

Heavy-ions program
usually includes:

various collision

systems are explored, PHENIX | AuAu, CuCu, CuAu,UU 10.039-0.2
PP ing|

scanning in energy p-A, d-Au, p-Al, “He-A :
vacuum

reference +

enc
L PV L old/(hot?)

nuclear

matter effects results are complementary, due to different kinematic coverages

AA ALICE | PbPb, XeXe | 2.76,5.02,5.44
ATLAS

hot matter CMS m 5.02, 8.16

LHCb (*) 2.76.5.7.8 13
effects T e

(*) only recently joined the study of AA collisions

Roberta Arnaldi XXWVII DIS Conference April 10t 2019 \4/‘

Main observables are :

“ Nuclear modification factor R,,, R,a#1 suggest presence of hot/cold matter effect.

¢ Elliptic flow v, : Quarkonium produced through re(generation) should inherit quark flow
in QGP (v,>0)

15739



Hans Dembinski, Paolo lengo

Very nice pp results were discussed: crucial to test production and different
models

0.8~
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s =7 TeV] ELHCcbdata | g =7 TeV

ALICE data E2<y<45
CI.E Iyl =0.5 1
0.5 —f

0.3 —:
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Rafal Maciula
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AYD" baryon-to-meson ratio
AJD baryon-to-meson rafio
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S e R BT T ic I J L 1 E . 5 v s L { 3 «“?
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P, (GeV) p, (GeV)

Enhanced production of A_ at ALICE and LHCb

kr-factorization: g*g* — cc + KMR uPDF + Peterson FF for ¢ — A transition

Able to describe ALICE, but can’t describe ALICE and LHCb data simultaneously as well D-
meson production with same parameters.
Interpretation of increase fragmentation fraction f, - A, needed

s
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C:J
=
&

=)

6¢|H| b bt b b b

Hee Sok Chung
Quarkonium production and Improved Color Evaporation Model

Melih A. Ozcelik

Attempt to resolve negative cross-section with n, More details in

Hanni Paukkunen backUP

GM-VFNS scheme — SACOT-mT introduced for heavy-flavoured meson production

16 /39

Not able to discuss here due to time constraint, recommend to look at their slides.



MNuclear modification factor

Charmonium with Heavy lons  Paoclolengo,
Roberta Arnaldi

=  Prompt J/ =  Non-prompt J/i
1.8""""""llllllllllll"lll '—1._'"'" LJLINL L L L B L B
E ,IdTLAIS I I ] I | ] % g hTLAIS I | I | | . ['E
1.6 Prompt sy PbePb, 5,,=502Tev, 0420 ] 8 1.6 Non-prompt sy Pb+Pb, 5, = 5.02 TeV, 0.42 ™~ "L 4 STAR: Aushu, |5, =200 GeV, yl <05, p > 5 GeVic
'_ b-Rypy 20<|y < 1.5 p+Ph. s, =502 TeV, 28 nb! _: % :_ Ry, 20<y <15 p+Pb, |5y, =502 TeV, E.S by - . : C"Sflpb:;bf’l.'l:::_z.FSTg:, 'w;l’:a‘;‘ -‘:'l’r:s.s ;,w:
1.4: 4R Iyl <20 pp. (5= 502 TeV, 25 pb’ 1 2 1.4: 4Ryl <20 PP, |5 =5.02 TeV, 25 pb’ - | '
1 .2__ :Cnrrelaled syslematic uncer. - :E" 1 2__ “{:urlelated systematic uncer. = 1'45
E n'iry 1 : 1 i -E " . 1‘2; STAR preliminary
1:_.--- e imieieimieieieiaiaie .! g 1;_ ............... P W e e e O g a:s “_*PI
0.8 r :‘g 0.8 - £ os BRI ‘*
o6k 1 o | - ol + . STAR, 0.2TeV
L ] 0.6 - | e
: —4— 1 20§ : | : " i
0.4f - . 0.4 Migh-g m —® v = o . | u
L F.—'.' 1 -=TL - L [ o
0.2 . 0.2F : PL saAnumerany IS, 2 76TeV
ﬂ:..|....|....|....|....|....|....|...: F : 0% s oo is0 200 280 300 30
10 15 20 25 30 35 40 05955055 "30 35 10
Small increase of Ra, with pr Py [GEV] Raa for non-prompt J/  p_[GeV] .
in prompt J/\b production production ~constant T £ 14 [AicE nelslve vy
[ ® ALY (203=y, <3.53)x A (4.86<)  c<2.96), |5, = 5.02 TaV
én B ] Rpypy (25eF_ <d), | S, = 2.76 TeV, 0-80%
& r (Phys. Leil. B724 (2014) 314)
Cold Nuclear Matter (CNM) effects are small for prompt % N *¢u1
and non-prompt J/y production g0 F i -
Strong suppression of charmonia production in AA 06l ﬂ % | p-Pb
. . ; |
collisions ot o +
Suppression in AA due to CNM effects ? 02

Alice shows result assuming Ras = Ryp X Ry, (@s for shadowing oj- s b oo
dominance) ALICE, JHEPOB(2015)055 pT{Ge‘u"s'c}
Comparison of pA and AA results indicates that CNM effects can

not account for the observed R,, at high p;

W(2S) suppression is stronger than the J/y at high pT by CMS _
(as expected in sequential suppression scenario) Similar results in backUP*



Roberta Arnaldi

Hans Dembinski

Bottomonium with Heavy |

\0-60"

10 30%

ons

PbPb 368!464 ub 0P 280 pb” (5.02 TeV)

0]0" T

* X I1S+‘bl STAR Au+s\uC 200 GeV, I_\I<0.S
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CMS, PLB 790 (2019) 270
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part

Lower R,, value for excited states compatible with sequential suppression
Excited states suppression stronger at LHC (?)

LHCDb also saw stronger suppression for Y(2S) at low pT

Enhanced suppression of Y(3S5) in pPb compare to pp at negative rapidity

Similar results were seen for open charm/beauty

2.2

Petr Chaloupka

0-10% Al+AL, |5, =200 GeV PHTEMIX - 5 T T T UL T T T L
Data 20042014, |y|<0.35 prelirninar:.r—: =4 AnEAU I.’-_~.=1W' Gev ‘|T1ﬁ' Pre |' AutAu ||5 =200 GV ‘-TH? Pu'l’J.urrrmr_'r Autau I,i.=1““ Gev STAR Prelivvinary
180 + erb o (PhysRev.C 84,044905) = | 0-80% ' b *"“[“““‘“‘LU D-10% . "_"’ﬂ':l"""”";': FONLLY| g 500, @ B
= e - from &-h o : mclmsive 0° W inclusive ) .y x-
= 1 Lal 5hrs.nw.l.w.lwm1 - - DUKE : B—ali#y = - - DUKE: B0’ - DUKE : B—
T 1. = o = + -~ DUKE : prompt D - DUKE = [F—se
2 [ : “q}“' ¥ T om
53 - T . S + -~
T ¥ = 4& ’ ._'h I ; I___ ? & Lo .*.
o s : HF qa? e _+*-.l —.., - T R
= 0. o - . . e S T "
& o o _ & 1 1- i% ) + T .......... :[ -
P IR I e = = il TR AT V] MG MR P HPTE FTT PR T I A PP T Lokl I A Livaalyy sl i Livsahes
2 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

4 5 L]
P [GeVic]

Consistent with mass hierarchy of energy loss

Transverse Momentum (GeV/c)

More in backUP
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Hans Dembinski

o gas (He, Ne, Ar)

,

System originally designed to measure beam profile.
Inject He,Ne, Ar into VELO at ~ 2 x 107 mbar.

= K0
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Innovative (p, Gas) collisions

Pb gas (He, Ne, Ar)

> €%

Vs, = 69 GeV

v

Fixed target experiment !

LHCDb VTNN =8

- —+4— LHCb data

" B »He x 144 CT14NLO+nCTEQ15
e pp X 144 CT14NLO

SErsiaramREmERr s men

R

z € [0.17,0.37]

- - .

6.6 GeV

pHe

%

+

-2

1 | 0
J{’:{C

» Substantial intrinstic valence-like charm content of nucleon expected in some theories.
» Would be visible in most backward bin of pHe data.

» No evidence of substantial instrinsic charm content of nucleon observed (?).

» Might be interesting to study other variables (?)
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Top production and properties

e LHC is a top factory:
e tt produced at a rate of 8 Hz at the L with L=103* cm~2s~1and /s=13 TeV

* Heaviest particle means it has a special place within the SM with
many connections to different areas

* Higgs/electroweak, BSM and QCD
. AQCD<< [<<m,
 Two broad areas to cover

* single, pair and associated production
* Talks by Poncelet, Grancagnolo, Knolle and Geiser

* properties: mass, width, spin correlations, couplings
* Talks by Schulze, Ravina and Jezo
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NB: measurements have

Top cross sections measured at LHC  peerveed for por

constraints, see talk

Knolle, Geiser and Grancagnolo Beneke in WG1
March20t9 CMS Prellmlnarv

il 7 TeV CMS measurement (L <5.0 ™) .
il 8 Te' CMS measurement (L < 19.6 i) =
g 13 TeV CMS measurement (L < 137 i) -
== Theory prediction :
& CMS 95%CL limits at 7, & and 13 TeV . —

. © [pb]
5
I

—

-

Pt
IIIIII| LI BLLILILLL

10k|

nd 0By weoydny e synsal ||y

g , po palr : s s
ot 41 42 +3J "'4] Single top
o'k tch tW | sch

2 e e e ]l I
e I O O o L w=G3—g

e Do Ty oy g T, Ttw Tt Tty TtZg ! #Z "oty Ttw TottH T otH Tt 21/39

Production Cross Section
[




Pred./Data 1/c x do/dpr(Z) [1/GeV]

ttZ and ttW production *—-

Knolle, Schultze

u-—_

RV
VVVV

_Q_?‘I?—Q?_Q t ________-—""__ - t
” - \/\/\’\f\

t ~Z

e S

* Sensitive to ZY—tt coupling and background to final states with top
* Differential ttZ distributions

0.007

and leptons i.e. ttH

0.006 |-

0.005 F

CMS Praliminary
[ T T T I T T T I T T T

}

0.004 F
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1.25F
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0.75F

77511 (13 TeV)
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CMS Preliminary
_III|III|III|III|I

CMS-PAS-TOP-18-009
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. i
% Data
3 — aMC@NLO
0 pHHHHHAHHHH

1 1 1 |

1 T I
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-1 08 -06-04-02 0 02 04 06 08 1

cos(8%)

* Interpretation in terms of SM
effective field theory (EFT)
* L=Ly,+(c/A?) Oy + -
* Fit data to constrain c/A?

* Talk by B. Francois in WG3 on
the interpretation

| * Great potential to add many

more observables i.e. ttW,

tgW
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Interference in associated tW production:
Geiser, Poncelet, Jezo

— HNLOy,

—xc}w =

—— NILC J_.‘ oo
WL

>
O
-E'EE
=
hle
Related: full NLO theory
without narrow width i
approx. for top gives better ¢
description in tails of g

kinematic distribution

L | L} Ll I L I I L 1 I I 1 I L] 1 I
wa | Data, stat. uncertainty |
107 = - []Full uncertainty 3
- % Powheg+Pythia8 I'vivbb .
s S Powheg+Pythia8 ti+tW (DR) i

5 - ¢ Powheg+Pythia8 ti+tw (DS)

10°F ¥ MG5_aMC+Pythia8 ti+tw (DR) 3
¥ 4 MG5_aMC+Pythia8 fi+tW (DR2) J
With i
o4k  interference "fﬂ: i
E & fits best ‘unla 5
K ' 't * i' a
ATLAS sl i
5| (s=13Tev,36.1 " .
107 pp — Ibb+X E
: 1 | L 1 1 L 1 L 1 1 I 1 1 1 1 1 I :

2 - r
: I I":
- - N e
1_**#*““*‘{“{%{%?.{}?_
[ i ]

{] ) i A i
0 100 200 300 400

Phys. Rev. Lett. 121, 152002 (2018)
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Direct measurement of I,

Jezo

* Turn the full bb4l calculation around to find sensitivity to I in the
region sensitive to interference — arXiv:1903.10519

Eﬁ b_bbar_41 events, varied I'
b :I‘Eré 107 = - 1.33 GeV Theory unc.
N by ==11.00 GeV ==11.66 GeV
E LoF - 0.66 GeV = 2.00 GeV
e ““!J-E ¢ PRL 121 (2018) 152002
ot e
107 ! I ! ! !
% 1.5
E ) Ll ]
o8 1k
B
= 0.5 .
200

250 300 350 400
minimax-m,, [GeV]

—Expected []1o [ |20

== Observed ==i1g w20

E E E E Obs
= - - =T =1.28+0.30 GeV
b bbar 41: : U -
: : 2 I, =1.33=0.29 GeV
Previous measurement (1c)
;;;]-l_jﬂhsi cjil”Ea{:t IIIIIIIIIIIIIIIIIIIIIIIII‘.IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
CMS indirect From s.mgle-top (o]
| | | assum|r|1g BF(t—)b\I\ll)=1
| Dl5 1 | | 1 1 | | 1 1 1I5 | | | 1 2 | 1 1 1 2I5 | 1 1
T, [GeV]
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Spin correlations:
Ravina, Poncelet, Schultze

# (1 + 1) — # (1 + 41

(tHI\I
Loy — i T :
#total +31% at LHC.
E 1-3_""|""|""|""|""|""|""|""|""|""_ c'.% 1.D8_lr||||1r||||1l||||1||||||lr||||lr||||1r IRRRE LARN
o ATLAS Inclusive r= [ Inclusive ATLAS
g I 1 1 > 1.06f ]
= 12F s=13TeV, 36.1 b | ?5-; l {s=13 TeV, 36.1 fb'15
Eﬁ“ -« Data + 1 %”’4. ‘[ -
=] | — Powheg+Pythia8 i £ = ]
=] = = 1.02f | ,J:'—;—u— -
= 1.1 — NLO QCD+EW (__=m,) 4 o x = | Lo ]
g [ --- MCFM E 1 28 B B socll) ]
e | —NNLO ]l 8 2t === —xumr_h Y=
I = 1 & I e paa S
- 0.98/ — powheg+Pythia8 T | 7
i i PP8 scale up/down ' :
i 4 0.06} —— NLO QCD+EW (u__=m,) =
0.9+ - i NLO QCD+EW scale up/down 3
[ 5 —«f—=+= 0.g4f ==~ MCFM N
—— 7 — NNLO
[y ;| R FETTS FRRTE FUNTE FANT] FRSTE TS FETT] R PO 0.9 NNLO scale upidown, | | |
80 0102 03 040506 07 0809 1 '

Parton level Ao(l",I'}/x [rad/n]

-46% at Tevatron,

PR ddod g s b d i d g s kil Ll JII.IIIJJL Ll
2[] 0102 03 04 0506 07 08 0.

‘1

Parton level Aao(l",)/r [rad/n]

arXiv:1903.07570 [hep-ex]

....-.....,."&.’3:.’-/-'/:_?‘.,‘
Pa ; —

Spin correlation preserved by
the two leptons

Azimuthal separation A¢ is the
sensitive observable

Unfolding performed to full
phase space and the parton level
Generators do not match data!
Improved agreement with NNLO
calculation

NLO with p; = p=m, for QCD
and EW (Bernreuther, Heisler, Zi)
agrees but with large scale
uncertainties — more work to see
if this a BSM effect
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CERN-LPCC-2018-03
> February 1, 2019
|Op and CKM Vel
Report fr

Standard Model Physics 0.050 I
Schultze

at the HL-LHC and HE-LHC
king Group 1 on the Physics of the HL-LHC, and Perspectives at tl

0.048

0.046

¢V, =(42.240.8)x1073 [PDG] 2%

[ 2 ——— Six—quark evolution of |V |
relat|ve and SyStemat|Ca”y Ilmlted c:.|:|44:- i;,T -==- Naive extrapolation for q < m;
* Also only at the m, /2 scale Lm e
e New method at EW scale with tt Harrison and Vladimirov JHEP (2019) 2019: 191

Fractional Ermor in | Ve

t—>bW~ —bl” V, t—>bW™ —Dbgc /
fraction with g=b oc |V |? .
* Lepton + 3 b jets + 1 c jet o A
* HL-LHC potential to measure to 2%  °*| S
if systematics can be controlled e S

Assumption about light — b jet mis-ID and b-jet efficienty”



Flavor with Beauty and Charm

M. Bartolini

B-meson LCDASs

Yao Ji

B-Anomalies

J. Fuentes-Martin
A. GioventU
F. Saturnino

Belle-||

A. Ishikawa




Charming CPV M. Bartolini
- Recent observation of CPV: AAcp = Acp(D - KTK™) — Agp(D — 7 717)

LHCB PAPER-2019-006 arXiv:1903.08726

O noCPV
= BaBar AACP Aadll' (1+ <t> YCP) + <t> ind

o cor (D) (D)

0.0100
100 Y ..

0.0075 kMoriond 2019] Belle
' CDF KK+ xx

LHCb SL KK+mr LHCDb
0.0050 | LHCb prompt KK Belle
LHCb prompt zx

0.0025 |
iﬁ’: 00000 2019: Aalf = (—15.6 £2.9) x 10~*
-0.0025 |
New WA: Aadl = (-16.4 +2.8) x 104
-0.0050
a9
-0.0075 En B -
£88 Theory? Aafp = 0.020£0.003%
-0.0100 < 8
=3 Contours contain o7, 0.7 SO Khodjamirian, Petrov 2017

-0.010-0.008-0.006-0.004-0.002 0.000 0.002 0.004 0.006

ind

a( P

- CPV in other modes
arXiv:1903.01150

A(DF — K2nt) = (1.3 £ 1.9(stat) =+ 0.5(syst)) x 1073
A(DT — K2K™*) = (—0.09 + 0.65(stat) =+ 0.48(syst)) x 1073
A(D" — ¢mt) = (0.05 & 0.42(stat) + 0.29(syst)) x 103

@ Most precise determination of these quantities to date!

@ No evidence for CP violation is found
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CPVin Bs M. Bartolini
- Multidimensional fitto  J/¢KTK~, J/yn n

B — J/YyKtK™ BY — J/ymtm™
[LHCB-PAPER-2019-013] [arXiv:1903.05530, Submitted to JHEP]
Tasoof T T T T T T
3 16000 ﬂ LHCb Preliminary
v, 14000 — Total
< 12000 |
'é 10000 — - Signal
E :g ---- Background
£ 4000
= 2000
50200 5300 5400 5500 5500
m(J/ wK*K~) [MeV/c?] m(J/ynx) [MeV]
- Combination of LHCb Run1 + Run?2 Preliminary
¢s = —0.040 + 0.025[rad] 3 oa% CT contours
012 (Alog £ =1.15)
ATs = 0.0813 4 0.0048[ps '] CMS 19.7 fb
0.10
Preliminary -
0.08 -1\
New world average: 4.9 ®\
¢s = (—0.0544 + 0.0205) 006  ATLAS99.7 fb- |
04 0.2 w00 02 o4



B - Anomalies Fuentes, Gioventu’, Saturnino

Br[B — D™ 1]

(*)y — —
RID™) = B> Day ¢~ wel
NM 2-0_ 0.42F UL IR I I I B
- LHCb "TE LHCb Combination -
o o #= Belle 2019 SL B, __, t — | v V (Preliminary) _
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1.0 T } .................... L) 0,34;— ----------- ~;
B el [ :
- — C -
: = BaBar 0.3 r
0.5 — s Belle - E
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0 5 10 15 20 R(D")E R(DD) S = ()599 +0.003 |-
e r = 0.258 £ 0.005 3
g [GeV?/c*] 0225 RD), VKT s 7P 00k
0. 2 0 25 03 035 04 045 05
2'0 1 ! ! ! I ! ! . I ! . ' 1 1
L - v T T T
a - I I T ]
15| 1 ~ SM from DHMV i
T ‘ 0.5 ® LHCb Run 1 analysis -
O LHCb 2011 analysis ]
i * * 1 o Belle arXiv:1604.04042 ]
<1.0p T e - . ]
o T L I - 0 1
i H;" ‘ r+  Data (Belle) | i T ]
0.5+ ¢ 4 LHCb . - -
¥+ BaBar ] 0.5 B _+— T —
, SM prediction | - - * .
0.0 | I N —_— : 5 — _T— :
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B - Ahomalies
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f— Flavorl!
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-

3Q — 2Q2L2L

L ~25% of a SM loop effect

<

Fuentes, Saturnino

\ K Vector LQ

3Q — 2Q3L3L

~15% of a SM tree-level effey K N O

Uy = (371)2/3 x

43‘

a4

LQ

ATLAS,
[ Belle |
cMS |
[ LHCb |
1 an |

ﬁ Loop Effects & correlations \ f UV completions (eg."4321")

[Alguerd et al., 1903.09578]

_ " . . . . . . .
‘-\/
j k [Baker, JFM, Isidori, Kénig, 1901.10480]




B-meson LCDAs Yao Ji
. Non-perturbative quantities of maximal interest (fact theorems) W

Olaa)TW (12, 0 OB = FaTr{3sl P [0 (20 = hoseon] | aatw = [ Peiom

@

J
- Best mode to extract Ap: B — vty for E, ~ my B
W
di aemG[%|Vub|2 3 2E, 2 erfp |2
’ N/\l\/\l\ﬁ d_Ey_ 62 mBE’Y l—m—B) |Fv| +|FA+?7 )
b
1 @ eumeB
] i E = R(E E AE(E
1f V,A( 'Y) 2E )‘B( ) ( 'Y’l‘l’) +€( 'Y)—I_ g( '7)
power su ppressed
L P\* v leading power contrlbutlon F;‘;’A 2 & «y from b-quark vertex J
" Belle extraction: ’ 095 A
[M. Gelb et al. [Belle Collaboration] (2018) o] Ag = 0. 36+0 09 GeV
(Result compatible w/ QCD sum rules)
= 3+
F(B — vfﬂ) x
(B — mlv) R ———
1
(Belle-1l prospects) :
%2 7 o3 oa T o5 o
L AB (GeV) J32/39




Future: Belle-Il

- Target: 50/ab by 2027 — (x40 KEKB lumi) — Supersede B-fact 2021

Ishikawa, Kato

- Rediscovery of B mesons! (Phase 2 commissioning Run)

- First collision in Phase 3 In

March 25th 2019

- B, D and tau physics

+ dark “photon”, EW, spectroscopy ...

1 02 IS S 00 1.3 O S A

1 I

R Bellell Prospects b

HE I ST R

LHCbaffbf.

10320190410 1 1
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Thanks to all the speakers in WG5
Thanks to the organizers

Expect more exciting Heavy Flavor results at DIS 202x
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Back UP

J/y polarization in hadro-production

Hamburg

Improved Color Evaporation Model Heae Sok Chung

KU/

Pekin IHEP ) e
15 PEVE=TTRY (1) 1 JH— g S Peklng 10 E ity 1 1
1 e Jra- (=Tt} Fmil) 10} Jec o8F Jos
] p S § : 0.6 + 06
N o ~ & u) }-—5""5‘ s 4 — = 1¢° Ep+p— Jiy, Vs = 7 TeV 1C 0'4_ __0-4
! A : = £ [20<y<45F, -00216 . 02y J»+~L+ [ e , 0.2
* N D . b CMS data, [y| <06 %F 10 ; ICEM 116G Ot ' T T 4f—_0
N e =TT - { CMS data, 06 < [y <12 B F 0.2 p+p— Jiw, Vs =7.0 TeV o2
B e oo Ddylel 2 ; W LPHNLO, |y < 12 = 1 : = LHCh data (fully transverse) 14 0 4‘_ ly|<0.6 (HX frame) _—4) 4
[ S S T | JE) A PRYSUPSY FRFRY HPSY FRPRY FRPRS PR IS ) . - E E A IGEM L.
0w e e e sr{Ge) : R Lo m [ = LHCb data (fully longitudinal) 1 0.6~ —--0.6
B i e § L . ]
CMS, PLB727, 381 (2013) Shao, Han, Ma, Gong, Wan, Wang, Zhang, """ 10753 4 08F GMS data 408
Butenschoen and Kniehl, Meng, Zhang, Chao, PRL110, 042002 (2013) Bodw!n, Chao, Chung, p, (GeV) - 2'0 4'0 5'0 GID 0
PRL108, 172002 (2012)  JHEP 1505 (2015) 103 Kim, Lee, Ma, P, (GeV)

PRD93, 034041 (2016)

Heavy quarkonium production can be more sensitive to TMD PDFs, DPS and QFG effects,
but production mechanism of heavy quarkonia is still a challenge for theory

Melih A. Ozcelik

. 1000 ,

tE=tig=tig, M=1.4 GeV
p=tin=tio, M=1.6 GV ==

wif 100000 ¢
£ e e NLO CSM jop ra s n o 10000
e E £ o
T : . 9
—Toa, E 1 1000 £ 0%
s o8 4 = Y
___________ I 2
2 <¥as4 h 3 2,
—8TeV 1 %
¥ LHCh dat: E o
wil . . . . —— 1k
4 & s 1o 1z 14 1 15 20
P, |GeV]
0.01

do fdPY [ub/GeV]

01

da/dPrdY [ub/GeV]

_ 1 10
Vs (TeV)

T
100
o
c
= 10F
CIi ue=2my,
b 3
f 1 s LO ==
:g id up=tg=ug NLO —— E
f: 5 =g/ 075=1g ]
° &/ Pty e T
Coom [ ¥ ur=g/ 2= N
i U= lipettg, My=4.5 GeV sr=1e E
! = = -
0,001 Lete i MR T
0.01 01 9 10
Vs (TeV) (b)

HeLEMmus, PaukkuweEN, JHEP 1805 (2018) 196
T T T T

T
wE 13TV, 2.5 <

L= s L = |

T
Y < 30

Attempt to re-solve negative cross-
section with 1,

TMD vs collinear factorization

Hanni Paukkunen

GM-VENS scheme — SACOT-mT introduced for
heavy-flavoured meson production:

Agreement with LHCb p-p data.
Full NLO level, parts of NNLO known
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Back UP

J/yp v2 measurement over broad p; range

Charmonium at Heavy lons

o~ — = —
= 023 ATLAS ]
~ @® ATLAS, Prompt J/y, 5.02 TeV, |y| < 2, O - 60% ]
0.2/~ % ALICE. Inclusive J/y, 502 TeV, 2.5 <y < 4, 20 - 40% —]
_ A CMS, PromptJiy, 2.76 TeV. 1.6 <|y| <2.4. 10 - 60% =
0.15— ¥ CMS, Prompt J/y, 2.76 TeV, |y | < 2.4, 10 - 60% =
0.1 $ * # —
0.05 :—$ $ $ + $ —
s o 5 @ Bosi vy e e Bogiw o 1§ TV M T T ot 1
(0] 5 10 15 20 25 30
P, [GeV]

Low pT : Evidence for non-zero flow
(ALICE, 70 effectin 4< pT < 6 GeV)
High pT : v2#0 (ATLAS and CMS)

PbPb 368 ub™’, pp 28.0 pb™' (5.02 TeV
=L SPFRUSTREELEE] UL L= [ S UL e J
ccé 1.4~ Cent. 0-100% CMS
l¥| < 1.6
1.2 ]
pE
| m Prompt J/w .
0.8 o Prompt w(28)
0.6 =
E -
0.4 : - - —
0.2} Z T T
- = 2 —5—:—._|_!—
M e Rt
(0] 5 25 30

R L
P (2S) suppression is stronger than the
J/y at high pT

(as expected in sequential suppression
scenario)

o
a.
Q.

Roberta Arnaldi

Significant non-zero v2 is observed in high-multiplicity p-Pb

02 - - —
pPb @ 8.16 TeV mid-rapidity high-multiplicity
—m— ALICE J/V -4.46<y<-2.96
——e— ALICE J/V 2.03<y<3.53

0.1

=
o
0

priGeV]
Models where the v2 originates from final-
state interactions in the fireball +
regeneration underestimate in data

1.4 8 V8 ALCE incusve 7 (@S) - pw
4r —— -3 [ . inclusive J/y, y = Ul
p-Pbys, =8.16 TeV o 16k o-Pb VS_NN=8.16TeV
12 ® ALICE inclusive Jiv .
o LHCb prompt Jiv (PLB 774 (2017) 153 ) 1.4 e Uy (arXiv:1805.04381) Comerntes (2 Fetmuo; PLB 749 (2016) 00
1 o Bl Bl o s e S e e R e S S S e B e [ ® y(2S) (Preliminary) i =8 ¥i25)
L lloket 1.2F CGC+ICEM (Y.Ma et al, PRC 97 (2018) 014909)
: iy b Ly S
0.8 ‘ | . S R—— l
1 — b K
o [
r i !% : 08
0.6} EPSO09NLO + CEM (R. Vogt) 4]', [
E nCTEQ15 (J. Lansberg et al.) 06 S e >
04} = EPPS16 (J. Lansberg et al.) ‘ = mir 0 .t - -
o2 E CGC + NRQCD (R. Venugopalan et al.) 0.4 L ‘E‘
CGC + CEM (B. Ducloue st al.) s F
0.2+ Energy loss (F. Arleo et al.) +
) —— Transport (P. Zhuang et al.) 021
| === Comovers (E. Ferreiro) [
oL caaa biva il | PO A I AT (e e OIAIAIAII ial M IS AT ST AT AT A ST TS AT
-5 4 -3 -2 - 0 1 2 3 4 5 -5 -4 -3 -2 -1 0 1 2 3 4 5
y

cms

Good agreement b/w data™

and models (pased on shadowing,
CGC, energy Loss)

Size of theory uncertainty
(mainly shadowing) still limits
quantitative comparison

Different behaviour for J/y
and @(2S) not expected.
Shadowing/energy loss not
enough to describe W(2S)
suppression at backward-y.



Back UP

B/D suppressm

n Petr Chaloupka
Bottom suppressmn @ RHIC

2 omnmf_fzuoeou TEMIX - N T T T T o VLR R RAULAE LLLEE R RN R 7
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Consistent with mass hierarchy of energy loss

Bottom suppression @ LHC
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High pT: Need to include radiative energy loss

Low pT: Non negligible collisional energy loss and shadowing

improves description

Similar suppression
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Bottomonium at lons
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LHCDb saw stronger suppression for Y(2S) at low pT
Enhanced suppression of Y(3S) in pPb compare to pp at negative rapidity
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