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Heavy Flavour physics

Measurements and observations of heavy flavour production provide important tests
of QCD and give insight into particle production at colliders

Hadronization challenging to understand -> measurements needed

Form baseline or background for other physics studies at the LHC

LHC provides access to wide kinematic range with a very high production cross
section if compared to e*e colliders.

Valentina Mariani
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Experiments at the LH
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Experiments at the LHC
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['ll show the main / latest

results from the
four Collaborations on the

Heavy Flavour spectroscopy
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B."(25)

» The B, mesons (bc) family is predicted to be very
populated but the spectroscopy and property
studies are still scarce.

» Less explored compared to quarkonia because of
the small production rate: dominant

mechanism requires the production of both
ccbar and bbbar.

» The bc¢ exited states decay to the ground states
via the cascade emission of y and © pairs -> total
width of O(100KeV)

-> hard to detect

Valentina Mariani
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B.*(2S) =

The existance of two separate states, B (2S) and B:*(2S), was announced
by CMS in [1], using data from Run?2. g+ ®

_______"
=

Significance of 2 peaks instead of 1 is 6.5 ¢
=> First observation of two exited states o o

1] PRL 122 132001 il 5
- cms . ¢ Data = Fpes)idaed : 75 VeV . AMQ
E L=143fb" — Fit result ii T
60 (5-13Tev [\ Signal o -p N
= Bi(Jy K" n*n” ! l ! <
% 50 — ' Comg. backg. ! i ! L
=t B.(25) B.*(2S) Consistent with ATLAS o rd
2 40F observation of one ii i
P S ' unresolved B*(2S) state ii i
5 - [PRL 113 (2014) 212004] i: i
Lﬁ 20— -> backup :i : The solid and dashed lines
_ : | : / indicate the emission of
: : : : i/ “photons and pion pairs, respectively
10 M’ : S B, = 6340 L
0 % T | O S S O S O O O | B =6275 : ll i s AMl
6.7 6.8 6.9 7.0 7.1 ‘
M(B: z*n") — M(B)) + mg. (GeV) M(B.*(2s)) = 6871.0 £ 1.2 (stat) £ 0.8 (syst) =+ 0.8 (B.") MeV@
Valentina Mariani More on Mattia Faggin’s talk AM = AM; — AM, = 29.1 £+ 1.5 (stat) £ 0.7 (syst) MeV


https://indico.cern.ch/event/905399/timetable/?view=standard
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LHCb could confirm the result using the statistics of kR — T 2@
Runl+Run?2 (8.5 fb-1) [2] :
The second state is seen with a global (local) significance of 2.20 (3.20). Ak
— B
T a0 e
> 4FE LHCbRun 1+Run2 Total it E 2 . %
s 35E Y 5.y 3 =
= Tk , B B.S) z
-~ 30F - Combinatorial —
Sl = Same-sign =
g ;’g‘ , ‘ E M(B.*(2s)) = 6872.1 + 1.3 (stat) + 0.1 (syst) + 0.8 (B.*) MeV
5 208 \ | 7
= =F ]l ]l ]l \ { ] AM = AM,; — AM, = 31.1 + 1.4 (stat) MeV
5 10 : ] ] I 'g‘ i L .
= 1 [+ i
g 1 ‘} } ’§ é H' {' 3
e S 0 5 Consistent with CMS and with the theoretical predictions
AM [MeV/c?]

Valentina Mariani [2] PRL 122 232001
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Barions with
heavy-flavor quark

»Spectroscopy of baryons that contain a heavy-flavor quark can test predictions of heavy-
quark effective theory.

» Several theoretical calculations exist for various excitations of the ground state baryons
containing a b quark.

»The widths and the production cross sections of various excited states are generally
unknown.

This situation makes experimental searches for excited heavy-quark baryons both
challenging and important for testing various theoretical models.

Valentina Mariani
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A} excited states 172

LHCb already measured two narrow states [3] denoted as A,(5912)° and A,(5920)°

- Using data collected at 7, 8 and 13 TeV (L=9/fb) a search in the A}n*n~ spectrum in the
range 6.10- 6.25 GeV has been performed [4]. 3000 ——

- — A — .ifv%*  LH®b 'ﬁ:
Two A} decays: A}, - Afn~ and A} - J/yYpK o | Py

& e

= signal

A clear excess of AAr*n~ candidates around 6.15 GeV for both
A} decay modes

- ----- background A

= 1000 = total =

Candidates/(3 MeV)
< 4
>~ R,
- L v
&g ' W,
|
+

______._‘*:_'....+AI,¥ +

200 -
Mass above the Z;;ini threshold => three regions investigated: '

- At mass within the width of 23 615 82 i

MO n

- At mass within the width of Z;*

= Nonresonant region
[3] PRL 109, 172003 @
Valentina Mariani [4] PRL 123, 152001



A} excited states
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(72

The shapes suggest two different narrow peaks => states are called
A, (6146)° and A,(6152)° and masses and widths are measured:

my, 1460 = 6146.17 £ 0.33 £ 0.22 £0.16 MeV,
mp, (61520 = 615251+ 0.26 + 0.22 £0.16 MeV,
Tp, (61460 = 29 + 1.3 +£0.3 MeV,
Tp, 61520 = 2.1 £0.8 £0.3 MeV,

The mass difference between the two states is 6.34 + 0.32 + 0.02 MeV.

States measured are consistent with the predictions for the doublet of 4,(1D)° states with
quantum numbers J¥ = 3/2* and 5/2*

However, the interpretation of these states as excited I} states cannot be excluded.

Valentina Mariani

[4] PRL 123, 152001
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A} excited states <

CMS recently measured [5] exited states of the A} using Run2 data 16-18 with L=140/fb P
w

= Two A} decays: A) - P(2S)A - P(2S)prn~ and A} — J/YA — ]/ (ppr™

= Ay(5912)° and A, (5920)° states have been confirmed (backup)
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In the higher mass the A)n*m~ spectrum show some structures

o (_:MS up to 140 fb' (13 TeV)
- ® [ % Data Narrow peak around 6150 MeV

Broad excess (40 significance) = jo0b —Fit H "  nif :
mavbe related to intermediate | [ — Signals (more that 5S¢ significance) consistent

Y £yt and ot @ 100f~ - Comb. bkg. | } with Ay (6146)° and A,(6152)°, but also
states of 2~ and 2. S f { | * |~ with a single peak hypothesis.

—6073+5 (stat) MeV S 80 { Y
m +5 (stat) Me 8 F { mA,(6146)°=6146.5+1.9+0.8+0.2 MeV
Wldth=d55i1 1 ftat) MCIV- A 8 6of I\ mAL(6152)°=6152.7+1.1+0.4+0.2 MeV
) | ' /

More data to better elucidate a

LHCb al . d 5 " o / In agreement with the LHCb
=> also confirmed a = -~

C W measurement

similar structure (backup) o it | ,‘ | |

60 61 62 63 64 @
Mo [GEV] (5] PRL 803, 135345
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2. and E_.states

Results from ALICE [6] in First measurement of £/ —» /™ critical

the 20 » Z¥ it at 13 TeV Al towards understanding the dynamics of
14 x10° - weak decays of doubly heavy baryons [7]
(2) | [ I L R L | l LI B B I | e B ) I LI B B ) I | o e I Lo
E; . /\LJ(:EE : ;\100 1 P o IR LA S FR ] ;\ Y VLA U | L [ I P )
2 pp, Vs =13 TeV, [y| < 0.5 | S } o i | BT
o 13 F 32—)5’75* and goharge conj. 7 & B0k o IO = g i?ﬁ;
 ~— — - S :: ackground H :: = C —
_ P F 3<p<4GeVic g ol 1 F100F = nekgouns
5 E + ] E T 1 2 sof
% 8 “F ] O 6o
= C 40
o 12+ 5 20
3 L : New[decay o .
L - Ol b e L ] 0'.|....|..JL.+"...'-,.1....|..
B = + 2 il 3500 3550 3600 3650 3700 3500 3550 3600 3650 3700
_ (l'; _ 24'\;2\7/32M8V/C i m(Zn*) [MeV/c?] m(AZK-ntn*) [MeV/c?]
11 [ S=1095+203 3 Bl - Efnt reconstruction with EdF > ALK n*n* reconstruction with
1 1 |

S U PPN PSP PR SRS o E+)=3620.6+1.5+0.4+0.3 MeV E4¥)=3621.40+0.72+0.27+0.14MeV
535 O 245 2 _2_55 56 m(=2;.)=3620.6+1.5+0.4+0.3 Me m(=2;.)=3621.40+0.72+0.2710 e
M(E ) (GeV/c?)

ALI-PUB-488829

5% - "t and charge conjugation in

3 < pT < 4 GeV in pp collisions . /
[6] arXiv:2105.05187
Valentina Mariani [7] PRL 121, 162002

Average of the 2} mass: 3621.24+0.65+0.31 MeV



https://arxiv.org/abs/2105.05187

New 2, states

’_\\_/

« New ex1ted Ep state £, (6227)° observed in = New exited E ub state £, (6100) observeua -
the E,m™ us1ng Runl and Run2 data in the Egr*n~ using Run2 data (L=140/1Db)
(L=8.5/1b) 8] 9]

= Two Zj, decays: 5 » Edn~ and B -» E0n ntn™ = Two Ey, decays: Zy = E7 /¢y and Ej = J/PAK™

B | tE:'ﬁ" —_— —_— CMS 140 1™ (13 TeV
Smo- ‘ﬁ ~ saigrons OM;, = M(ab T[+) B M(:'b) E’ i = - JWE, 2;—>(J/3)AK') AM
g Lo § L = MG ntn™) — M(E;) + 2mEPS
-l + Jf\#Lﬂ,#MMﬂ; = Clear peak shown in the § .f iy ;tgna, b b "
5 SoF E: .} f H M : = T e Comb. bk
é Sl two Flecays with 100 £ b = = Clear peak shown in the two
2 S50 significance T H j decays with > 60 significance
. F N 800 5l
M(E, 7*) - M(Z,) [MeV] . - ) C { _
. e ~Dan Iderttciliied as Ey, (6227)° with: Lttt 0 RIS A I.LI.I.I- Identified as E, (6100) with:
2 } —w | Omg” = 429.8T75MeV L e ) - M) - 2me eV AM = 24.14 4+ 0.22 + 0.05MeV
it } + m(E, (6227)%) = 6227.1* ¢ MeV m(E, (6100)")
o | H * } (g, (6227)%)= 18.673MeV =6100.3 + 0.2 + 0.1 + 0.6MeV
s of #ir Mﬂwwﬂw Natural width consistent with O
5 H}’Wﬁ gl Consistent with Jr=3/2-
I T— (8] PHYSICAL REVIEW D 103, 012004 '

Valentina Mariani [9] CMS-BPH-20-004 accepted by PRL
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Bottomonium

= The bottomonium family (bb) plays a special role in understanding how the QCD binds
quarks into hadrons

= The y,(3P) state is especially interesting since its properties could be affected by the
proximity of the open-beauty threshold

Y03 P) Yp13P) Xpo(3P)
- T (395) = op yel Lpo(2P)
“b0'~ e a— g
= The y,(3P) state is reconstructed though the decay: | B
Xp = Y(nS)y > 2uy  wheren=1,2,3 = = 7
2 T(2S) P
E hadr /8 W _;""I_P) i el

T(1S)

JPC _ == 0++ | ++ 2++ {
Picture from : V. Knlinz, Measurement of Quarkonium Polarization to Probe QCD - DO/ 10.1007/978-3-319-49935-2_2
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FATLas
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= Firstly observed by ATLAS in [10] at 7 TeV through the radiative decays y,(nP) —

Y(1S)y and y,(nP) — Y(ZS))/

—— T
ATLAS

JLdt=4.4fb' g
R 60— 3
% e Data 3
e SN f‘“: 50E_Unconverted Photons igckgmm g . . .
o o ATids E 3 “of 3 x,(3P) identified as third peak around
% 70E . Data_[Ldt=4.4fb“ = F 300 E
? 605— A-Y(1S)selection E % E E 10.5 Gev
":o_ E B-Y(2S) selection ] 2 20 E_ ______ _E
g =0 T2 E g 0o [ N Tl .
a3 E L Significance of about 60
2 sof = 9.6
§ 20%- —§ m(u+u-7)-m(u+u-)+ml'(1s) e
CEEN TR s BN R 3 .
Eer P . @ Mass of the y,(3P) baricenter
0 : R SR S S S A S
s e as wo ws o A i s 3 m = 10.530 + 0.005 (stat) + 0.009 (syst)
m(u*w) [GeV] > 180 Ldt=4.4fo' | & DY@y — Fitor(sy =
UE) i S | S Background to Y(1S)y :
N O Background to I'(2S)y
< 140 =
S 120F Converted Photons_3
5 wof 3
S wf g AT
4 40F y
20
0596 98 100 “ro2 ‘1q4' 106 108 @
Valentina Mariani m{py) - mpp) + my, Q?_V]*/

[10] PRL 108, 152001



Xb(3P)
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The first observation of the y,,(3P) and y,,(3P) resolved states performed with 13 TeV
data from 2015 to 2017 (L=80/1b) [11]

1200

‘QO'('OQ 1000

Q.
£
%
o}
A
O
Events / 3.5 MeV
2 2

400

20!

o

Photons energy scale calibrated
in a control sample and applied

event by event

Valentina Mariani

Photon energy scale
o o
& 8
=] 5
T

4
©
@
a

r L 1P=18 L
L) - -

r # S 9895 10255~

r H Lo

L cMs e L

- 8

[ f5=13TeV e[ [ me s
[ L=800f5’ T 9890 10250 Lp g
= i = [ L

L {5} 3 L g

r t

L { oY1) +y
F } %y(2P) P Y(2S)+y
— t +Y(3S)+71

f non
4

: {

- ‘WM %'W% { rwww

[ ’\ Pl i
M | LM\ L .j_v\;‘%

9.8 10.2 10.6
Y(nS) y invariant mass (GeV)

CMs

Vs =13TeV

YWY

[~ ©201542016;L=37.9 b
° 2017;L=42.11b"

. .
E, (GeV)

[11] PRL 121, 092002

INFN

Istituto Nazionale di Fisica Nucleare |4 =

©



C/\/, N

P

Xb(3P) &

The first observation of the y,,(3P) and y,,(3P) resolved states performed with 13 TeV
data from 2015 to 2017 (L=80/1b) [11]
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12000 5 ap) A N " 100 I~ CMS ‘
«10° § ! 5 9895 10255~ B
. 5=13Tev 0 el cMS ?é ¢ - Vs=13TeV :
’N =80.01" o B =13TeV + - i
% e I N L T SO S N 80 L=800f" .
. 2 +|yl<06 S 2 800 [ o2 [ B
%605— + 06<|y|<12 DXm E r g g -
I3 in 2 600 | o 60l — Totalfi
40t i Y(28) g | } 4 Y09 +y i B .
: j z,;‘ f/‘\: /\ms) " ol a “2")} o 2 [ - Signaly, (3P) HE
Pl / A %o o [~ Background : :+"':| )
E A l HER e
:J N Uﬂ&—_ 2°°) M WW*‘"‘“ JMMM m 40 il L
9 95 10 05 11 a e - : +
Dimuon mass (GeV) 0 L. R L | e
3 102 106 s
Y(nS) y invariant mass (GeV) 20 — + + K
— .4 ! "
Photons energy scale calibrated . ’ 6 | S |
e 1 | | Jezzcfoo--f-" ) R ML | | | |
in a control sample and applied 104 10.45 105 10.55 106
event by event s Y(8S) Y invariant mass (GeV)
0.995 Vs =13TeV
. M(xp1(3P)) = 10513.42 £+ 0.41 (stat) &+ 0.18 (syst) £ 0.5 (Y(3S)) MeV
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TR
E, (GeV)

M(xp2(3P)) = 10524.02 + 0.57 (stat) + 0.18 (syst) + 0.5 (Y(3S)) MeV

[11] PRL 121, 092002

AM = 10.60 + 0.64 (stat) + 0.17 (syst) MeV
compatible with the theoretical expectations
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Conclusion

= I showed the latest results on heavy flavor classical spectroscopy from the four
LHC collaborations: ALICE, ATLAS, CMS and LHCb

= Hadron spectroscopy and help to shed light on the mechanisms responsible for
dynamics of quarks and baryon formation.

= Very important results have been produced, mainly from Run2 data, with an
impressive precision and sensitivity

= Heavy flavor spectroscopy is a very active field: much more results has to come!

©

Valentina Mariani



INFN

Istituto Nazionale di Fisica Nucleare

Conclusion

= I showed the latest results on heavy flavor classical spectroscopy from the four
LHC collaborations: ALICE, ATLAS, CMS and LHCb

= Hadron spectroscopy and help to shed light on the mechanisms responsible for
dynamics of quarks and baryon formation.

= Very important results have been produced, mainly from Run2 data, with an
impressive precision and sensitivity

= Heavy flavor spectroscopy is a very active field: much more results has to come!

©

Valentina Mariani



backup

Valentina Mariani

INFN

Istituto Nazionale di Fisica Nucleare

‘Compact Muon Solenoid



INFN |

Istituto Nazionale di Fisica Nucleare |4 =

Mg

B.*(2S) <

Recently also the relative cross sections of the B} (2S) and B:*(2S) states 2
with respect to the B have been measured

B * « '|T2+
_ o(B(29)) s +.+.—y_ N(BI(25)) e(BY) £t :
R =—n PE® 2B ) = —Gn " (BH) ¢ =
«+ _ 7(BIT(2S)) “ + .+, _ N(B:¥(25)) e(BY)
R == PE®) 2B ) =N B2 P o
pet R+ = C(BE(2S) B(BI(25) — By m¥m~) _ N(BL'(25)) e(B(25)) Reral-> B
~ o(BH2S)) B(BH2S) »Bfmtm-)  N(BE(2S)) e(B:H(25))
R =3.57 £ 0.69 (stat) & 0.32 (syst) %, [2] CMS PAS BPH-19-001
R*™ =4.91 + 0.69 (stat) £ 0.57 (syst) %, 0.10[- Erh{ﬁgeflti;pinaw ;gl 0.10(- fr"z"_ﬁfgef'{;?‘"afy ;;SL
R™/R* =139 £035(stat) £0.09syst), [ [ " ey R
0.05]- o_osltj,l
SAFR AR
I P N . ".,.1..E.|...1|....
Z1T ST
(7 ’ i ! ; ! ; e o ey o (ol s 8 o Blows - 5 g qonill g o s syl
20 80 40 50 60 0.0 05 10 15 2.0 @
Valentina Mariani B: transverse momentum (GeV) B: absolute rapidity
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B."(2S) Hlias

Observed for the first time by ATLAS in 2014 using Runl data (7 + 8 TeV) [*].

The BCi selection criteria for the events are optimized

70 =491’ 160 1 I‘i
separately for 7 and 8 TeV e Sl
60 V5 =7Tev 140 G=aTev 3
3 50 3 120 -
= 2 o
§ 40 2 100
[*] Phys. Rev. Lett. 113, 212004 (2014) 2 a0 P s @
& - 2 60 =6277+6MeV
20 B o s anas sy I
18- ATLAS Q, . =288+5MeV a5F ATLAS Qg ,, =288+ 5MeV 3 10F 5o 49+ 12 MoV so b 025028 MeV
16:— ' O, M=18i4MeV 2 Bl G&HK=1814M9V ] 0 L 1 . L L : " 1 A 1 A ek P IS 1 : =
s siE J Lasdon No o =226 5 M J Eoarev Ng o = 35+13 e T o e Ll
2 oF ¢ Daa 2 25F e pan Uy
& 10F ohcharge & 5 o
£ sf E i mass difference distribution:
> = > + +
W 6F i T _ Iy _
°F 10 1 ] s m(B., ) — m(B.7) — 2m(m)
25 S L —E
ol . 0 B O O e e I N S e . . . . .
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 Slgmflcance Of the ObSCI’V&thIl. 370’ @7T€V
m(B_xx)-m(B,)-2m(r) [MeV] m(B,r)-m(B,)-2m(r) [MeV]

and 4.50 @8 TeV data.
Combined 7 + 8 TeV significance 5.20

Consistent with the predicted mass of the BCi (2S) state. @

Valentina Mariani



0
B,

~16000 g T ~16000 T
2 14000 LHCb 1 B LHCb 3

12000 Moo 1 = 12000 e ;
% 12000 v i 3 Sk v ~ 3
— M —————————— s — V"""’- —————————— e
X 3 = L e F =
gmooos/// bt gloooo_?// &
g Sowf — Fit g S00f — Fit
2 6000 F — - Comb. bkg. S 6000 F ~ = Comb. bkg.
S s000F AP S a0f ol

] Y Peak E 5 Peak 1
2000 R e 2000 777 Peak
0 : 1 A 1 0 : 1 L 1
200 400 600 800 200 400 600 800
Am [MeV) Am [MeV]

~ o T
=z 7000
= 6000
© E
5000
b 3
£ 4000
= 3
53000
=5 E
S 2000 F

1000f

.y =
> 700 = 700
Esoo Esoo
=500 = 500
w 4 w H
v L
g-mo _§400
5 300 5 300
= =
S 200 S 200

Valentina Mariani

¥

K pT € [0.5;1] GeV
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Structure observed in the BYK~™ mass spectrum using data from Runl+Run2 (9 fb1) [¥]

Significance of single peak wrt null
hypothesis > 20 sigma, double peak wrt
single 7.7 sigma

my = 6063.5 £ 1.2 (stat) £ 0.8 (syst) MeV,
[y =26 +4 (stat) =4 (syst) MeV,

mo = 6114 + 3 (stat) &= 5 (syst) MeV,

[y = 66 + 18 (stat) £ 21 (syst) MeV.

{
[*] LHCb-PAPER-2020-026 @
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B*(2S) -CMS -

Selection:

= Two muons: |n| < 2.5, pT > 4 GeV, distance of closest approach between the two muons <
0.5 cm, dimuon vertex fit X2 > 10% dimuon invariant mass in the range 2.9-3.3 GeV,
distance between the dimuon vertex and the beam axis larger than three times its
uncertainty, dimuon pT aligned with the transverse displacement vector cos 6 > 0.98

= third track produced at the dimuon vertex with: |n| < 2.4, pT > 3.5 GeV,> 1 hit in the pixel
layers, = 5 hits in the tracker, transverse I[P > two times its uncertainty

n BCJ_r candidate obtained from a kinematic fit between the 2 muons and the track:
pT > 15 GeV, | y| <2.4,1> 100 uym, and a kinematic fit x2 probability > 10%

= B, (28) and B (28) candidates reconstructed from kinematic fit between B.~ * candidate
with two opp031te sign tracks with a common vertex.
Only B, candidates with invariant mass in the range 6.2-6.355 GeV are selected.
Oneé of the pion candidates must have pT > 0.8 GeV and the other pT > 0.6 GeV.

= The Bfn*n‘ candidates must have |y| < 2.4 and a vertex x2 probability larger than 10%

(%)

Valentina Mariani
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B*(2S) - LHCb (2

Selection:

= Two muons with pT > 550 MeV and good track-fit quality. Required to form a common
decay vertex with an invariant mass in the range 3040-3140 MeV

= Pion with pT > 1000 MeV, good track-fit quality, and be inconsistent with originating from
any PV

= The J/y candidate is combined with a charged pion to form the BCi candidate.

= The BCJ_r candidate is required to have a good-quality vertex, a trajectory consistent with
coming from PV, and a decay time larger than 0.2 ps.

= A BDT is used to further suppress bkg (pt / eta / decay length / decay time / chi2)

. BCi candidates with M in 6200--6320 MeV are combined with a pair of oppositely charged
particles identified as pions. These pion candidates are required to originate from the PV,
and each have pT >300MeV, p>1500MeV, and a good track-fit quality.

= The Bci*(QS) candidate is required to have a good vertex-fit quality

@
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A? - LHCb 2

= Samples of A,? candidates are formed from A .*m~ combinations, where the A.*
baryon is reconstructed in the pK™n* final state.

= The reconstructed A.* vertex is required to have a good fit quality and to be
significantly displaced from all PVs and to have a mass of +/-25MeV wrt known
value

= BDT used to reduce bkg (inputs: kinematic variables of the A.* and A,°, the lifetime
of the A,°, kinematic variables and quality of particle identification for pions, kaons,
and protons, and variables describing the consistency of the selected candidates)

= Selected A’ candidates are combined with pairs of pions originating from the same
PV as the A.’. Only pion pairs with p™™> 500 MeV are used, to suppress the
otherwise large combinatorial

©
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A} - CMS S 1

AY > PA (p*p” + A—pm from VO collection)
A vtx fit probability > 1%, p(A) > 1 GeV,
cos(3D A pointing angle to A vertex) > 0.99,
L, /0y(Avtx > AQvtx) >5

A mass within 10 MeV from PDG

A} vtx fit probability > 1%

pr(AY) > 5 GeV,

cos(2D A pointing angle to PV) > 0.99,
ny/ony(Ag vix—>PV) >3

Additional channel A =»Y(2S)A, Y(2S)-]/Ym*n-, J/P—p*pu: as above, additional 2 pions - high-purity tracks,
p>0.35 GeV; AQ obtained by vertexing p*pu m*nA with ] /{ and A mass constraints; 3672<M(J/ym*n")<3700 MeV

@
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CMS up to 140 fb' (13 TeV)
%100__ § Data
= — Fit
: 80:— — Signals
o F - Comb. bkg.
S 60
= O F
=
) 40_—

y: W
: A\ [ ] } ;
0 8. o ki S NFY T I I

591 592 5.93 594 5.95
Mo [GEV.

)

M(A(5912)0) = 5912.32 £+ 0.12 £+ 0.01 & 0.17 MeV,
M (A,(5920)%) = 5920.16 + 0.07 £ 0.01 & 0.17 MeV,

O
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Table 1: Quark-model predictions for the masses of the lightest A, and Z{:) states (in MeV).

Baryon  State J= Ref. [15] Ref. |16] Ref. [17] Ref. [18]

1S %* 5585 5612 5620 5619

& 3y 5912 5939 5930 5911

AT 3- 5920 5941 5942 5920
28 5" 6045 6107 6089

- g* 6145 6181 6190 6147

g 6165 6183 6196 6153
s %* 5795 5833 5800
g* 5805 5858 5834
§(+)0 5 6070 6099 6101
b 1P g‘ 6070 6101 6096
g‘ 6090 6172 6084
-~ %* 6200 6294 6213
g* 6250 6308 6226
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A} - LHCb ¢

- Data collected at 7, 8 and 13 TeV (L=9/fb) => new state observed in the A)n*m~ spectrum [*|
= Two A} decays: A) — Afn~ and A} — J/ypK™

n 600——F——
- At

— T 2 E R K X S ) B S

SR
A Afn

0

oo A
*%x( 7

Broad excess referred as Ay, - == As(6146)"
400 Ay (6152) i

N

: 0 = L B " @ Narrow peaks already measured as
Mass difference wrt Ay total background i Ap(6146)° and A (6152)°

* y
- Wt
Am = 452.7+2.940.5 MeV S oo = total P~ ’if‘i**/
Width = 7241142 MeV T [ i

2 MeV)
|

*x( _ E e = )
| Ay "mass=6072.342.940.6+0.2 [E~—= o p 5§ Cant exclude that the broad
MeV = Wittt Structure corresponds to a
) . 100E- o Rt s
Consistent with the CMS 505_ ” Q’MW%@%M& AR Superp031t10n of more than one
= § (b Proghtiyy T EE
measurement SOOIl A S narrow states, but the
C 0. . .
150E N n # i interpretation of these states as
100 " 'Awm‘gm,ﬁ&ﬂ#‘f*ﬂwgm“ H! excited X, resonances is
X R disfavoured.
0505 6 605 61 615 62
Valentina Mariani YU [GeV] [*] JHEP 06 (2020) 136
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=+ .5
~cC v
= Measured for the first time by LHCb in [10] in the Ef} - AJK n*n* decay with

m=3621.404+0.724+0.2740.14 MeV and its lifetime 0.25610:055 ps => compatible with a weak
interacting particle u}

Y

<
+

Yy v

= The first measurement of the decay £} - E}n* is presented here [11], E:f{z
critical towards understanding the dynamics of weak decays

u

_}ﬂ+
d
of doubly heavy baryons
— - ey |1y | T P T I TR PR S = T L T | | | 3 [+t - Tt
Ert > Efmt >{ LHCDb ~+ Data g >{160;_ LHCb q [ Zcc - AcK 7T n .
reconstruction with .. —;"otal 1 2140F 4 Dan 1| reconstruction with
- — Signal = - 3 —
m(£}+)=3620.6+1.5%+ | = ieas| MBim e 1| m(E})=3621.4040.7
0.4+0.3 MeV g 60 i £100F .. Background 3/2+0.274£0.14MeV
E i 5 80F i
< S 6o :
20(- OFT ;
: | o xop ]
o, snan we—sean it NS S a0 2] 0'.1....I.J‘A.-r"'..."‘}.il...|..:
3500 3550 3600 3650 3700 3500 3550 3600 3650 3700
m(Zint) [MeV/c? m(AfK n*nt) [MeV/c?

Average of the 2} mass: 3621.24+0.65+0.31 MeV | [10] Phys. Rev. Lett. 119, 112001@
— [11] Phys. Rev. Lett. 121, 162002
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Selection of £} - Ef (—» pK~n*)nt decay:
- three charged tracks with pT > 0.5GeV fitted to a common vertex

- EF vertex displayced with lifetime > 0.15ps and invariant mass between 2450-2488 MeV
- Additional positive track with pT > 0.2 GeV combined to the E}
- EXF candidate with pT > 2 GeV and originating from PV

BDT used to minimise combinatorial bkg with 3 sets of variables (particle kinematics, vertex
fitting, lifetime)

B(Zlr— Elnt)x B(5; —pK-nt)

B(Eft 5> AFK—n+nt+) x B(AF — pK—7+)

Also the ratio between the two decays is measured as R(B) =
with R(B) = 0.035 + 0.009 (stat) £ 0.003 (syst)
in agreement with theory

(32)
Valentina Mariani [8] Phys. Rev. Lett. 121, 162002 O
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Xb(3P) s

Selection:

- Two OS muons with pT > 4 GeV and |eta|<2.3 fitted to a common vertex

- Dimuon pT > 12 GeV and |y|<2

- 9.25 <m,, < 9.65 GeV for the Y(15) and 9.80 <m,, < 10.10 GeV for the Y(25)

- Photons are reconstructed as converted (in e+e-) or unconverted

Figure of merit m;, = Am + mys)
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