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OUTLINE

( Observation of 5 new narrow Q° states [PrL 118 2017) 182001] \
» Observation of doubly heavy baryon = " (pPrL 119 (2017) 112001]

» Measurement of = ** lifetime [uch-PAPER-2018-019] i%\g/v%

» Observation of a new =, resonance [arXiv:1805.09418]

&Plans & Prospects

Exotics Hadrons and Flavor Physics M. Pappagallo

» Search for tetraquarks in Y(lS)|.l+|.l'[LHCb-PAPER-2018-027]i%g/v?
_



rExcited QY States

{Only the ground states QO (JF=1/2*) and Q*° (JP=3/2*) are known so far]

Lattice QCD:
[M. Padmanath et al. arXiv:1311.4806]
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I
ORBITALLY EXCITED BARYONS

[ The p- and A-mode excitations of the single-heavy baryon ]

? @ O O 7 excited L =1 Q,

q q q
o, <@ / \
5A-mode 2p-mode
P-MODE A-MODE

[Phys.Rev. D92 (2015) 114029]
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ORBITALLY EXCITED BARYONS

[ The p- and A-mode excitations of the single-heavy baryon ]

?
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I

EXCITED Q' STATES DECAYING TO E K-

J H

GO

[PRL 118 (2017) 182001]

[> Reconstruction of Cabibbo suppressed =.* 2 pK'n* decays

reconstructed =" in the 13 TeV sample (x 3)

» Data sample: 1.0 fb1 (7 TeV) + 2.0 fb1 (8 TeV) + 0.3 fb! (13 TeV) = 3.3 fb-!
» A dedicated trigger (and the larger collision energy) boosted the number of the

\
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r LH
FIVE NEW EXCITED Q°- STATES! kian}

[PRL 118 (2017) 182001]
@ Observation of 5 new excited Q) states! Two of them extremely narrow R
» Many interpretations proposed (including pentaquarks)
» The broad state could be a superposition of several states
» Threshold enhancement consistent with being due to the partially reconstructed

0= "+K-
\_ decay Q.(3066)°>=_+K )
Y C T T I T T T T
S 100- LHCb ]
E - +EK”
— - T B
) — Full fit - / A\
: 300 -~ Background 1 Resonance Mass (MeV) I' (MeV) )
g I F_efd_—gobwnz - Q.(3000)°  3000.4 £0.2 £ 0.1753 454+0.6+0.3
= [ e ST 0,(3050)°  3050.2+0.14+0.179%  0.8+02+0.1
= o0l < 1.2MeV,95% CL
U -

0.(3066)°  3065.6 + 0.1+ 0.3193 3.54+04+0.2
0.(3090)°  3090.24 0.3 +0.5103 8.7+1.0£0.8
0Q.(3119)°  3119.14+0.34+0.97)3 11408404

< 2.6MeV,95% CL
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FWHAT ARE THEY? WHY ARE THEY SO

NARROW?

radially excitations of the Q°_ baryon

[ Most of the authors identified these states as the orbitally or J
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[PRL 119 (2017) 042001]
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F WHAT ARE THEY? WHY ARE THEY SO
NARROW?

[ Are they orbitally excited (L=1) states? Or radiatally excitations? Or... ]

TABLE II: Spin-parity (J*) numbers of the newly observed €. states suggested in various works.

State | [19] [20] [21] [23] [29] [25] [27] [28] [32] [26] This work
Q.(3000) 1/2- 1/2=(3/27) 1/27 1/27 1/27 1/27 1/2* or3/2* 1/2° 1/27
Q.(3050) 1/27 1/27(3/27) 1/27 5/27 3/27 1/27 5/2% or7/2% 3/2° 3/2°
Q.(3066)|1/2* 1/2% or 1/27 3/27°(5/27) 3/2 3/27 5/2= 3/2" 3/2° 1/2* 3/2°
Q.(3090) 3/27 (1/2*%) 3/2= 1/27 1/2* 3/2° 5/2° 1/2* 5/2°
Q.(3119)|3/2F 3/2*% 5/2(3/2%) 5/27 3/27 3/2* 5/2° 5/2% or7/2* 3/2% 1/27 1/2% or 3/2F

[K.-L. Wang, L.-Y. Xiao, X.-H. Zhong, Q. Zhao, Phys. Rev. D95 (2017) 116010]

Candidates / (1 MeV)

[ ...or are they pentaquarks? ]

3000 3100 3200 3300
m(EK) [MeV]

Pentaquarks?

U.
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r CONFIRMATION OF EXCITED QOC
AT BELLE [PRD 97 (2018) 051102 |

(> 4 out of 5 states confirmed )

» The narrow state at high mass 1s missing (not in disagreement with
the LHCDb observation)

> If the 5t state is a pentaquark, suppression expected in the ete-

\_ production )
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I OBSERVATION OF THE DOUBLY
CHARMED BARYON EI:cc-H- [PRL 119 (2017) 112001]

/> All of the ground states with C=0 or C=1 have been observed \
> Three weakly decaying C=2 states expected: =, isodoublet and Q.
1sosinglet
> SELEX reported signals of =, .* 2>A K™ 11+, pD*K~ [PRL 89 (2002)
112001, PLB 628 (2005) 18]

» Not confirmed by BaBar [PRD 74 (2006) 011103], Belle [PRL 97 (2006) 162001]
\_ nor LHCb [JHEP 12 (2013) 090] J

Search for = **1in the decay chain (2016 data):

=+t +rr— o+ ATt — .+
ST = AK T, AT - pK 7
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Inconsistent with being isospin partner of the SELEX state: m(Z *)-m(Z_*) = 103 = 2 MeV
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I' FIRST MEASUREMENT OF

THE LIFETIME OF Zoc*" [LHCh-PAPER-2018-019]

J H
| |

-

» Dataset: 1.7 fb'! (2016 @ 13 TeV)

> Lifetime measurement of = " > A", K- m*n* relative to

A% > A", w wnt (similar topology)
» Similar selection as for the discovery paper

ELI\\I/EW

Exotics Hadrons and Flavor Physics
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I' FIRST MEASUREMENT OF
THE LIFETIME OF h"“CC-H- [LHCb-PAPER-2018-019]

p
» Lifetime measurement of = ** > A*, K m'n* relative to A% > A", m n*n*
» Many uncertainties cancel out in the ratio
\
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Yield / (0.095 ps)

I' FIRST MEASUREMENT OF
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r FIRST MEASUREMENT OF
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THE LIFETIME OF Zoc*" [LHCh-PAPER-2018-019]
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THE bqq (q=u,d,s) BARYONS (B=1, C=0)

J =3/2 b Baryons

Notation Quark JP  SU3) (I,Is) S B /=112 b Baryons 30
content 2b
Ay bud]  1/2+ 3 (0, 0) 0 1 15
S blsu]  1/2F 3 (1/2,1/2) -1 1
=y bsd]  1/27 3° (1/2,-1/2) -1 1 o
Xy buu /2% 6 (1, 1) 1
)] b{ud} 1/2+ 6 (1, 0) 1
Sy bdd 1/2 6 (1,-1) 0 1
= b{su} 1/2 6 (1/2,1/2) -1 1
= b{sd} 1/2t 6 (1/2,-1/2) -1 1
Q bss 1/2+ 6 (0, 0) 92 1 Missing states before
ot buu 3/2 6 (1,1) 1 N LHC era
;0 bud  3/2% 6 (1, 0) 1
. " )
2;:0 ;:i 2;; Z 21}2,1)1 e 1 > “Spin excited states”
= bds 3/2t 6 (1/2,-1/2) -1 1
;- bss 3/2+ 6 (0, 0) 2 1 )
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]

THE bqq (q=u,d,s) BARYONS (B=1, C=0)

J =3/2 b Baryons

Notation Quark JP  SU(3) (I.,I5) S B =172 b Baryons 35
content
A bud)  1/2¢ 3* (0, 0) 0 20
=0 blsul  1/2t 3 (1/2,1/2) -1 1b
= blsd]  1/2% 3 (1/2,-1/2) -1
o buu 1/2+ 6 (1, 1) 0b
9 blud} 1/2+ 6 (1, 0)
5, bdd 1/2+ 6 1, -1) 0
=y b{su} 1/2* 6 (1/2,1/2) -1 Still missing states
= b{sd}  1/2F 6 (1/2,-1/2) -1 because soft gamma/pi0
o hss 12+ 6 (0, 0) 9 involving in the decays
wpt buu 3/2¢ 6 (1, 1)
E{,O bud 3/2% 6 (1, 0)
D bdd ~ 3/2+ 6 (1, -1) s :
Spin excited states”
=30 bus  3/2% 6 (1/2,1/2) -1 - P
Ch bds 3/2F 6 (1/2,-1/2) -1
Q- bss 3/2+ 6 (0, 0) )
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I

BEAUTY BARYON SPECTROSCOPY

v Filling the gaps of the missing ground states

v First observation of excited beauty baryons

[PRL 114 (2015) 062004, JHEP 05 (2016) 161]
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[PRL 109 (2012) 172003]

A0 > Ao, where A0 /\jn‘]

.20. ‘ 30 .40‘ .
dm [MeV/czy

Three narrow peaks interpreted as &, (J¥ =1/2%),
B ¥ (JP =3/2%) , B, *0 (JP =3/2%)
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Candidates / (0.5 MeV/c?)
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Two new peaks are interpreted as the
orbitally L=1 excited A% states
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I OBSERVATION OF A NEW Ej LI
RESONANCE

)

[arXiv:1805.09418]

/> Dataset: 1.0 fb! (7 TeV) + 2.0 fb'! (8 TeV) 1.5 bl (13 TeV)
» Mass Spectra:

v AL K, where A °2>A," T (Fully reconstructed)

v AL K, where A 2> A, nv (Semileptonic)

v E? m, where E,’2>E_ " pv (Semileptonic)
\\/ Semileptonic decays featured by BR’s 10-20 times larger

—

%8000~ | HCb — Full fit
3 | \s=13TeV — Mg
= - Combinatorial
— 6000
~ *
@ H
£ «\\\iéjL/” h=mK
© 4000 —
©
C
@ L / ;
§ | I\~ T T—
2000 H b
= | H c
5500 5600 5700 5800

M(A%z) [MeV/c?] |

p, estimated by assuming it is carried by a zero-mass
particle that balances the momentum transverse to the
direction of A,%/E,° state and constraining the invariant
mass of the system to the nominal A,%/Z,° mass
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I OBSERVATION OF A NEW Ej LH

)
RESONANCE [arXiv:1805.09418]

400/~ LHCb Full fit

)
> [ 1s=13TeV —— £,(6227) > AY—ALx K
z r Combinatorial
Mz, (6227)- = 6226.9 & 2.0¢at & 0.3¢yst £ 0.2(A7) MeV/c?| 3
o

_ 2
FEb(6227)_ = 18.1 £+ 5-4stat + 1'88y8t MeV/C A
500 600 700 800 900
M(APK™) = M(AD) [MeV/c?]

% [LHCb Full it
. . — > M \s= ——— E,(6227) = AY =AW X)K
Production rates of two decays modes relative to A %/Z,0 | 2, "™ = G
Quantity [10~3] 7,8 TeV 13 TeV §
R(AYK ) 30+£03+04 344+03+04 /
R(E07) AT+10+7 224643 o
M*(AK") — M*(Ay) [MeV/c?]
400_— LHCb Full fit
F\s=13TeV —— £,(6227) > E)-Ep X)m

L Combinatorial
300~

Candidates / (10 MeV/c?)
n
]

» Branching ratio ~ 1 assuming f;,~ 0.1 f,,,
» New state could be E,(1P) or E,(2S)

-
o
o

' T Il n L
400 600 800
M*(E)m) — M*(Z2) [MeV/c?]
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SEARCH FOR X, ;75 [LHCh-PAPER-2018-027]

LHC

> Recently several predictions for an exotic state with quark composition
bbbb with a mass below, the 2*m(1),) threshold, which implies that it can
decay to Y(1S)utp

» Rumours about the observation of a peak at ~ 18 GeV at ATLAS/CMS

» However lattice QCD calculations do not find evidence for such a state in
the hadron spectrum [PRD 97 (2018) 054505]

» Given the presence of four muons in the final state, LHCb has a large
sensitivity into observing the first exotic state composed of more than two

k heavy quarks

Candidates /0.2 GeV
Candidates / 0.4 GeV

HH‘#M 'H’ m +Hm+++; t

m(uwuw) [GeV] m(uue*e) [GeV]
https://absuploads.aps.org/presentation/upload/APR18/U09/APR18-2018-001130/presentation14072_oenhvnehnzhz.pdf

Pull
Pull

r{:omom
T

?F** g Wﬁ ww W
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I LH

200 &

)
SEARCH FOR Xbbbb [LHCbh-PAPER-2018-027]
[ » Dataset: 6.0 fb'1 (2011> 2017!) ]

N i<'103' I ! ! ! ! ] ! ! ! ! 1
S 00 -
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11000
m(u*u”) [MeV/c?]

Combined to two muons
with opposite charges
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—_—
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SEARCH FOR X, 7.},

[LHCb-PAPER-2018-027]

J H
| |

)

Obs. 95% C.L. lilmit

Exp. 95% C.L. limit, median
Exp. (68.3%)

Exp. (95.6%)

Preliminary

a — ————————r
2 LHCb
> s=7,8,13 TeV = LHCD
[0} . . > 102 — \E=7,8,13 TeV
= Preliminary f -
- L
S <t
= x L
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3 l °
=] :
g e 'I l 10
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[ No significant excess 1s seen at any mass hypothesis € [16-26] GeV
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I

LHCb GOING TO UPGRADE
Upgrade 1

Main limitation that prevents exploiting higher luminosity with the present detector
1s the Level-0 (hardware) trigger
v' — Level-0 output rate < 1 MHz (readout rate) requires raising thresholds
» This 1s particularly problematic for hadronic final states
G Running at 2x1022 cm2 s'! with full software trigger, running at 40 MHz Y

Upgrade 11

(To be installed in Long Shutdown 4 of the LHC: )

» Subsystems redesigned to operate at a luminosity of 1-2 x 1034 cm™2 !
> Integrated luminosity of > 300 fb !
> Extension of the experiment’s capabilities into selecting %, n and low-momentum

\_ tracks Y.

(5 )

LHC era HL-LHC era

Run1 Run 2 Run 3 Run 4 Run 5+
(2010-12) | (2015-18) (2021-24) (2027-30) (2031+)

3 fb?

> < >

<
Upgradel Upgrade II
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I ExcITED QO
DETERMINATION OF SPIN J

(E.g.) Decay chain Q_** >=_(> A*t+* K- or pK*) K

|

Helicity angle 0 distributions may be used to
distinguish between spin hypotheses for resonances.

A(2880)* >3 (2455) (SA. ) T =, ->5,0 (DS ) T
[Belle:Phys. Rev. Lett. 98 (2007) 262001] [LHCb:Phys. Rev. Lett. 114 (2015) 062004]
™
o
~
£ 1500
g
i

1000

Normalized yield

500

L f(cos,)\ 1/2 -
- J = 5/2 B f(cos®,) = a+3(17a)cosz(6h)]/2 ]
0 C | PR B WP B 7

01||||0|5||||6|||10|5|||I1 -IIIII—O.S 0 0.5 Il
) - cos @ . COS(eh)

The method i1s not sensitive to the parity \
(neither to the spin if the resonances are produced unpolarized)
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I' Excitep Q.0
DETERMINATION OF SPIN-(PARITY?) JP

Study of Q ** in fully reconstructed decays: (e.g.) Q, >=. K~ 11"

The decays Q,~>Q . (> pKKTr) 11~ already observed.
Same number and type of tracks in the final state

[Phys. Rev. D 93 (2016) 092007]

S [ LHCb — Full fit
> 0 o
— g 30 Q- Qr
u Q I 68 =+ 9 1 Q- Q%
II N (3 fb'h) Q2 comb.
d % 20/ Q> QK
ge! oot
5 b c
b C g Q, comb.
o &
Q, QM0
b S c i ]L
S S 5800 6000 6200 6400

M(Qrn) [MeV/c?]

v Angular distributions might slightly affected by =."%> =_* 11
v" No resonances expected in the K- 1T~ system
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I' EXCITED Q_°:
PROBING THEIR NATURE

— 3.5¢ 3
b - -
~ C ‘ \ ]
% 3.4E % @ =
33 Q@D 2p) %22P) —
(D F--""mmmmmm oo G - pon) %‘/ o877 44K ¢
“ 32 _\;\X\ ---------------- wmmn(mmﬁunfé;é%j: o
Z 3.1&%&5555EEEEEEEEEEEEEEEEEEEEEEEEE:"::?%LE’&E?’;”
The nature of Q.**" states can be probed = st A 7eap7 A0
by looking for new decay modes which can 29 ------------rmocfm o
O I Jo
28F 3°
constrain the quantum numbers as well 3 z
2D o -
265
L S S p P P P P D D D D D D
Jj o1 1 0 1 1 2 2 1 1 2 2 3 3
S L S R N SR S S G G R G
2 2 2 2 2 2 2 2 2 2 2 2 2

/ v QO and Qv
Cabibbo suppressed decays Q%> pKKTr are suitable to these
searches. Low efficiency due to the large number of tracks or
presence of a photon
v' Search for isospin-partner pentaquarks
» Search for exotic Q_**-> = % K- by =, > pKKn
\ » Similar selection to Q. **09 + K-

Exotics Hadrons and Flavor Physics M. Pappagallo
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I

DOUBLY HEAVY BARYONS

-

RUN II data or during the upcoming Upgrade I

\_

» Observations of two missing weakly decaying =_* and Q_, expected with

» The Phase II upgrade will be useful into studying their differential

~

production and excited spectra: =**_, and Q**
J
LHCb Upgrade II Belle 11
(300 fb1) (50 ab™)
ELT2A Kt 90k < 6k
Exotics Hadrons and Flavor Physics M. Pappagallo 29




I
WHAT ABOUT &, .?

» The B, meson was discovered almost two decades ago
In LHCb, ~5000 B, 2dJ/wm in Run I
So, why have we not yet seen bcq baryons (5,,.)?
Lower production rates, guess 0(X;,.) ~ (0.1 -0.5) X a(B,")
In J/Y modes, (usually) get a charm baryon: yield reduced by BF(X)) X ¢g,,(X,)
\ Shorter lifetime (~0.15 — 0.4 ps range, compared to ~0.5 ps for B)

_/

(e.g.) N(EY, — J/yAr K~ ;Runl) =N(BY — J/¢yD*: Runl)
O'(pp — Ech)
X X |= =
o(pp — BFX) Jaiz,
L Br(E, = J/WATE)
Br(B+ — J/p D)

X € —

~ 3 candidates

| N(E), — J/YATK~;Runb) ~ 6 x 10% |
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r
DOUBLY CHARMED TETRAQUARK: ccqq

[A. Esposito et al.: PRD 88 (2013) 054029]
\

> Observation of several hadronic resonances with hidden charm or beauty
(so called X, Y, Z states) in the last decade at LHC and B-factories

» They barely fit into the standard quarkonium scenarios and “exotic”
interpretations have been proposed

J
Tetraquark Loosely bound
molecules
-
» Doubly charmed particles are a straightforward consequence
» If discovered, they would be almost full-proof states made of 4 quarks )

» Observation of doubly charged states would be even more important to
understand their nature: indeed in a loosely bound molecule, Coulomb
repulsion would induce a fall-apart decay on very short time scales

J
Exotics Hadrons and Flavor Physics M. Pappagallo 31




I

DOUBLY CHARMED TETRAQUARK: ccqq

[A. Esposito et al.: PRD 88 (2013) 05402

\_ (and observed)

/> If the masses of such states are below the DD thresholds 2 strong decays\
are forbidden and weak decay pattern would be complicated
» If the masses are above the DD thresholds, pure tetraquark models
predict (narrow) states with quantum numbers J* = 0*, 1" and 2*
» 0" and 1* states expected to be the lighter and more likely to be formed

/

m@®D*D,) m(D*D*)

50¢

[\e]
(=]

—_
(=]

[(75") [MeV]

[S]

—_
T

=
—
—
-

_— = =

JP: 1t

4000 4100

4200
M(7,"") [MeV]

4300 4400

m(DD,)

[(7,") [MeV]

507

20t

10}

m(D*D*)

5h

2

1k

JP: 0Ot

3900

4000 4100 4200
M(7,"") [MeV]

4300 4400

Natural widths as predicted by a pure tetraquark model
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' DOUBLY CHARMED TETRAQUARK IN
PROMPT PRODUCTION

[ Narrow states could be easily spotted in the prompt production ]

Associated production of D*D* and D*D_* (0.3 fb?)

[LHCb: JHEP 06 (2012) 14

N (DT D™;Runb) ~ 750k candidates
N(D*DJ;Runb) ~ 150k candidates

¢

Exotics Hadrons and Flavor Physics M. Pappagallo

33

1]




' DouBLY CHARMED TETRAQUARK
IN B, DECAYS

("> If the states are broad-ish & Search for them in B, decays where the h
quantum numbers can be also measured
» The B, meson 1s the lightest state in the standard model that can decay to
two same-flavour charmed hadrons.
\” Search for tetraquark: 7." (ccus) — DD Yy,

[LHCb: PRD 87 (2013) 112012]

(4 [+
(= ,”.
b c _ c
; _: (4 c
N NE D} D}
2 6.25 63 6.35 s s

m(JAp D) [GCV/(’2]

jus)
1
=
9
|
| a
\\r
| (:\‘f' o
S
2

n 19
L B e e

=
—

Candidates,/ (10 MeV/c?*)

o

N =28.9 = 5.6 (3 fb!

N(B — D°D°D; Run5) ~ 10° candidates

Clear signature. Expected to be background free.
Three pseudoscalars in the final state
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I

SEARCH A STABLE 1 bbud TETRAQUARK

* It would have observable lifetime, thus combinatorial background would be under control

« CMS claimed observation of 38 + 7 (Y = utu~)(Y - u*u~) events (bb + bb) in 21 fb! of 8 TeV data
JHEP 1705, 013 (2017).

« Unfortunately bbg baryons have not been detected yet, reflecting low prompt production rates expected
for both b quarks to end up in the same hadron, and difficulty in reconstruction of two subsequent weak

decays of b quark. d
-
u
b C
. — Dt
Xbbud d d
u g
. . . . 0 \
» Inclusive reconstructive efficiencies for B mesons are low at LHCb due to
low branching fractions into low multiplicity final states
» Not promising even for Upgrade II! )
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r
SUMMARY

(> Excited Qc**O: Opportunity of studying the fine and hyperfine structure of the heavy baryons )
» Observation of the first doubly heavy baryon = ** !
» The large data set collected, together with an upgraded detector, will boost
sensitivity in searches for heavy states with small production cross sections and/or

\. small decay rates Y,
1010 Ab 108 Pt >)/wp 1010 Bc 1010 Ebc
(A, decays) 108 X(3872)>)/ypmmr 9
101° B 10'° B (Prompt) 107 Occc

10" 1 10 107 300

1Ll I 1 1 1 L1 11l I 1
IR | Funs rund Funs

— ™1 I T T T T T 11 I E

10 1 1 PC+ :cc++ 10 102 300

Q ** Integrated Luminosity [fb]

N
=3
=1

Candidates / (1 MeV)
w
=1
=1

8

...to be continued

3300 3400 3500 3600 3700 3800
3000 3100 3200 3300 Mg Z41) MeV/e?)
m(EK ) [MeV]
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rTHE LHCb DETECTOR

JINST 3 (2008) S08005

Tracking system

Vertex Locator (VELO)
Primary and secorndary
Vertex reconstruction peat. HCAL i M
; £ SPD/PS M3
Maédnet RICH2 ) M2 =
V’TB

Interaction
Point ¥

RICH detector Calorimeters
PID K, o e,Y, % n
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I
DATASETS

LHCDb has just doubled the RUN I (2010-2012) dataset.
Sofar 1fblat7TeV+2fblat8&8 TeV + 3.7 fb!at 13 TeV

LHCDb Integrated Recorded Luminosity in pp, 2010-2017

® 2017 (65+251 TeVy 1.71 b+ 0.10 /b | 2012
....... ® 2016 (6.5 TeV): 1.67 /fb
2015 (6.5 TeV): 0.33 /fb ;

. 2012 (40 Tav): 208 .2016 ..............................

....... < 2011 (3.5 TeV): 1.11 /b

—
o M

1.6
1.4
1.2

0.8
0.6
0.4
0.2

Integrated Recorded Luminosity (1/fb)
I I Ii II| Hi IITH 1 I |H 1II | Hi
=

ar © May au Sep T Nov
Month of year
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THE bqq (q=u,d,s) BARYONS (B=1, C=0)

J =3/2 b Baryons

J=1/2 b Baryons 3b
2b
Notation Quark JP  SU(3) (I,Iy) S B 15
content
Ay b[ud] 1/2+ 3¢ (0, 0) 0 1 0b
=0 blsu]  1/2t 3 (1/2,1/2) -1 1
Ep blsd] — 1/27 3 (1/2,-1/2) -1 1 The system of baryons containing a b h
)y buu 1/2% 6 (1, 1) 1 quark remains largely unexplored,
9 b{ud} 1/2 6 (1, 0) 1 despite recent progress made at the
Yy bdd 1/2% 6 (1, -1) 0 1 \_ experiments at the Tevatron Y.
= b{su} 1/2 6 (1/2,1/2) -1 1
Chl b{sd} 1/2* 6 (1/2,-1/2) -1 1 Missing states
Qp bss 1/2% 6 (0, 0) -2 1
it buu 3/2t 6 (1, 1) 1 N
320 bud 3/2t 6 (1, 0) 1
e bdd  3/2% 6 (1,-1) 1 -
Spin excited states”

=30 bus 326 6 (1/21/2) 1 1 Al
= bds 3/2t 6 (1/2,-1/2) -1 1
O bss 3/2t 6 (0, 0) 2 1 _
LUAUUIUD 11AULUILD dllUu L'1daVUL 1 11y dIUD ivi, L appagallo 40
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* )0 c I\
SEARCH FOR E,(D) — Apm? .
Notation Quark JP  SU(3) (I,1s) S B m(zg) ~ 5813 MeV
content *
Ay bud 12 3 (0,0) 0 1 m(zbo) ~ 5833 MeV
=9 blsu]  1/2+ 3 (1/2,1/2) -1 1
= b[sd]  1/2F 3° (1/2,-1/2) -1 1
5 buu 1/2t 6 (1,1) 1 » Large A\, sample available
0 b{ud} 1/2% 6 (1, 0) 1| | » Suppression of background is
5, bdd 1/2¢ 6 1, -1) 1 challenging, even more than 2%,
=y b{su} 1/2F 6 (1/2,1/2) -1 1
= b{sd} 1/2+ 6 (1/2,-1/2) -1 1
Q; bss 1/2* 6 (0, 0) 2 1 ::
wrt buu 3/2¢ 6 (1, 1) 1
;0 bud 3/2 6 (1, 0) 1 = i
N W 826 () 0 1 s e
=5 bus 3/27 6 (1/2,1/2) -1 1 [PRDS5 (2012) 092011]
= bds 3/2F 6 (1/2,-1/2) -1 1
;- bss 3/2t 6 (0, 0) 2 1

Exotics Hadrons and Flavor Physics
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SEARCH FOR =, AND (2]

/

)

N\

P

= — Zp ~ 120 MeV

Y

\

J

O — ) ~ 20MeV

Y
B(Q2F — Qpy) ~ 100%

~

> Soft photon 2 Low efficiency
» Small Q, sample

|

Notation Quark JP  SU(3) (I,I3) S B
content [
Ay blud  1/2+ 3° (0, 0) 0 1
=0 bsu] 1/2+ 3¢ (1/2,1/2) -1 1
c b[sd] 1/2+ 3° (1/2,-1/2) -1 1
P buu 1/2* 6 (1, 1) 0 1 \_
0 b{ud} 1/2 6 (1, 0) 0 1
Y bdd 1/2* 6 (1,-1) 0 1 4
=y b{su} 1/2F 6 (1/2,1/2) -1 1
= b{sd} 1/2+ 6 (1/2,-1/2) -1 1
Q; bss 1/2 6 (0, 0) 2 1
wot buu  3/2° 6 (1. 1) 0 1 -
¥;0 bud 3/2t 6 (1, 0) 0 1
)Jien bdd 3/2t 6 (1, -1) 0 1
=30 bus 3/2t 6 (1/2,1/2) -1 1
=5 bds 3/2t 6 (1/2,-1/2) -1 1
Q- bss 3/2t 6 (0, 0) 2 1

Exotics Hadrons and Flavor Physics
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r

LIGHT BARYON SPECTROSCOPY

[

\_

Exotics Hadrons and Flavor Physics

. )
» The poor knowledge of the light sector (A*, N*, etc...) has had a large
1mpact on the amplitude analyses aiming to the search for the
pentaquarks
» LHCD can contribute to study the spectroscopy of the light sector as well
/

) ._' L R : (/\l-\ N DL DL L L L L
$16000¢ LHCb NGE)~ 800,000 L L LHCD N(Q) = 50,000
> 14000E L =90 pb’ ] > 5000( L =90 pb"
2 . Preliminary pp collisions at ¥5 = 13 TeV ] 2 [ Preliminary op collisions at {5 = 13 TeV
o 12000F 2015 Data - S 4000_ 2015 Data —:
O r ' - [ ]
—10000F - L) - :
> 8000f ] PR E
3 r ] 3 r ]
:8 6000:— E § 20001 -
S 4000F . b= ; :
8 : : & 1000F .
O 2000 . @)

O: 0 sy Tr—— | - O-- L L I B [

1300 1310 1320 1330 1340 1650 1660 1670 1680 1690

m(A ) [MeV/c?] m(A K) [MeV/c?]
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