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X(2900) in Bt — DTD~ K™
(in preparation)




BT — D™D~ K™ reaction: [CERN seminar by Dan Johnson]
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https://indico.cern.ch/event/900975/

Dalitz plot for BT —

DD~ K*
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@ Horisontal lines are resonances in D™D~
o Huge peak at 2.9GeV in D~ K*: (cd)(5u)

@ Peaks in DT KT:

reflections?

[LHCb (in preparation)]
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Dalitz plot for Bt — DTD Kt [LHCb (in preparation)]
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@ Horisontal lines are resonances in D™D~
o Huge peak at 2.9GeV in D~ K*: (cd)(5u)
@ Peaks in DTK™: reflections?
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DD spectroscopy

Compare to inclusive DD spectra:

X(3872)
& o L Doosyy  [LHCb, JHEP 1907 (2019) 035]
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Fit with
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@ One can get a "reasonable” description of D*D~ and DTK™,

e the D~ K™ projection has a clear additional structure
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Fit with no exotics
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@ One can get a "reasonable” description of D*D~ and DTK™,

e the D~ K™ projection has a clear additional structure
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Adding exotic structures to D~ K™ channel [LHCb (in preparation)]
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o X1(2900): m = (2904 + 5 + 1) MeV, T = (100 + 10 = 4) MeV
@ X5(2900): m = (2866 + 6 & 2) MeV, T = (57 + 12 + 4) MeV J
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Some thoughts on D~ K™ exotics

D+K thresholds

@ Nearby thresholds: D*K*, D1 K °
@ lIsospin of c5ud can be [ =0, > ° °
and = 1. Dtar ° °
» Z5uu would show up in DK™ s . .
» &5dd would show up in DTK©°

pxT) s 750 i 00 5o
m(DK) (GeV)

Bt — DODOK* by BaBar [Phys.Rev.D 91 (2015) , 052002].
T T T T 3 L I120F T T
B**)DD"K* the 1 3 B Sook
[DBackground % 100F
R R
T
%pruncmm —; '5 60

43 ; e 957 36
M(IS“D") (GeVic) M(DK*) (GeVich) M(DK*) (GeVic?)
There are many systems to look at in the B — DDK family )
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J/1pJ /¢ from LHCb
arXiv:2006.16957




Observation of the prompt J/vJ /1 pairs [LHCb, 2006.16957]

¢ 3000 —+Data

g — Tota fit
2 2w BBy Iy,
heg — bkg Ry,
g 2000 - /4 +bkg]

g 10
5 o Full statistics: Run 1 + Run 2
2 @ Inclusive: pp — J/vJ /1 X (4u tracks
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}

Understanding the background

2 & DPS =

SPS, DPS  [LHCb, JHEP 47, arXiv:1612.07451] EA e SPS: NLO"CS i
~z % X% SPS: NLO €S 3

Sy :

Single-parton scattering (SPS) HEE: =

3 SO
e gg — J/1J/1: the ccCC is produced in a single > LHED 13T

. o _—%—1 \ + é
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@ Expected to dominate low masses GO 5 10 ,
pleIR) GV
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4 = 3 1ok LHCbD 13 TeV

Double-parton scattering (DPS) - ]
e gg — J/v twice: almost uncorrelated J/4). SR . ;
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https://arxiv.org/pdf/1612.07451.pdf

Spikes at the near-threshold region [LHCb, 2006.16957]
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o Fix DPS model at high energy, > 10 GeV
@ Release SPS shape and strength
@ Add a couple of poles to the amplitude with BW functions
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Two exaggerated models: interference, no interference  [LHCb, 2006.16957]
SPS: gg — J/vJ /v
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000
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@ Incoherent sum of components

@ NRSPS with constant phase fully .
@ Threshold BWs are to adjust the

coherent :
lineshape.
o M =(6886+11+11)MeV
[ — (168 + 33 + 69) MeV e M= (6906 + 11 +7)MeV

[ = (80 & 19 + 33) MeV
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Simultaneous fit of p:(J/v¥J /1) bins [LHCb, 2006.16957]
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@ the shape of DPS is determined separately for every bin

e Simulations fit: 7o significance of the main peak
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Some thoughts on the interpretations

There are predictions for Tc.zz e.g. [1911.00960], [1803.02522]
Match the observation by adjusting overall scale

The narrow widths are puzzling

The dip is a mystery

[1911.00960]
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[courtesy of L.Maiani, 2008.01637]

Measurements of the
quantum numbers is critical

Exotics 2020

€ NISp.Sp)S, L] E™ [MeV]
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0" 2[(1,1)0,0]0 6573
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i 11(1, D1, 011 6120
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Spin and parity of the vector-vector system

arXiv:2007.05501
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X — J/i¥J /1y amplitude [MM, L. An, R. McNulty, 2007.05501]

Amplitude:

M J 1-A ab frame Tame
AN e = N0 dig g2 () Ha x, (1) 772 et 57 Sk

/
Differential width (intensity): /M.
M /pl
10) =" pm > A -
M A1,A\2

Production by pp collision

@ choose z 11 " = diagonal polarization matrix dp pm/pm J
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Intensity for the unpolarized decay

10)=r5 Y pmldig s - O)PHr
M A1,

What is no polarization py = 1 (quite likely in pp)?

1(6) = ”3 Z ‘H)\l)\2’2

A1, A2

no J: explicit dependence on J disappears. What helps to determine J?

(a) Can helicity couplings tell us something?
(b) Will the decays of J/1 help?
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Four-body decay angles [MM, L. An, R. McNulty, 2007.05501]

@ 0 is the polar angle of (J/1)1 with respect to the polarization direction
@ (A1, ¢1) are the spherical angles of u in the (J/v)1 helicity frame
@ (02, ¢2) are the spherical angles of u in the (J/4)2 helicity frame

No polarization = no z = no decay plane (pink) = only ¢ = ¢1 + ¢ matters. J
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X = V(u, p)V(p, 1v) amplitude

M 1-)\
Ace, = N Z diy MOV Hx 2 (=1)
A1,A2

X Diifl(qbl, (91, 0)
x 1Dy’ ¢ (42, 62,0)

o & = A+ — Ay-; difference of muon helicities
o { € {—1,1} since £ = 0 is suppressed by m,,/my .

= OoON
O N O

Flun) — Z /dcosﬁd,\f dx (0) = 3 (

£e{-1,1}

1
0
2 PV
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Helicity couplings [Martin, Spearman (1970) book]

Reappearance of J

|two part. state; A1, o) = |5, A1) @ |[—p, Ao} (—1)7 72

dQ
|IM; A1, A2) = nJ/4—D,(,}k/\ [two part. state; A1, \2)
s

Hy,x, = (UM; A1, Ao| T |IM)

Parity P [IM; A1, X)) = (=1)70% [ IM; =1, —X2) . J
Permutation 1 > 2 Pro [IM; A1, A2) = (1) |UM; Ap, A1) J
_ J _ J
= Hne = (=1)" nx H-x -5, Hyypg = (1) Hag - ]
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Matrix of helicity couplings

hi1 hio hi1
H)\l,)\g — hO,l h0,0 hO,—l
ho11h-10 h-1-1

The same-color elements are connected by symmetries.

The symmetry relates the couplings
Haxe = (1) 1x Hong o g pe = (1) Hag - J
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Four categories of possible helicity matrices:

group | nx(—1)7,(-1)7 | JP | symmetry
/ +,+ 0" | 2T, 4%, 6% | symmetric, S
i —+ 0|, 27,47, 6 | symmetric, S
11} +, — 17,37,57, 7" | antisymmetric, A
v - - , 3%, 5%, 7T | antisymmetric, A
H(O HUD HUn HV)
b a ¢ a a a c
a d a —a —a —a a
c a b/ —a a A —c -—a A
a, b, ¢, d are still unknown coefficients, complex in general. J
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Four categories of possible helicity matrices:

group ‘ 77X(—1)J,(—1)J ‘ JP ‘ symmetry
/ +,+ 0t | 2%, 4T, 6% | symmetric, S
I -+ 0=, 27,4, 6~ | symmetric, S
mn +,— 17,37,57, 7" | antisymmetric, A
v - = , 3%, 57, 7T | antisymmetric, A

b/ s —b/ s —a A

a, b, ¢, d are still unknown coefficients, complex in general. J
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Landau-Yang theorem

‘”A massive particle with spin 1 cannot decay into two photons”, wikipedia‘

Photons do not carry the longitudinal polarizarion = Hp; = H;o =0 J
HO HUD Ui HV)
b f c b ‘f c
¢ $ b/ s 4‘9 —b/ g A —¢ ‘La A
>} il i
b/ l —b/ g a A
No decay to two photons for 1%, and group-/ll: 17,37, 57, ... J

Misha Mikhasenko (CERN) Exotics 2020 August 28, 2020 25/32



A comment on Higgs decay to ZZ: JF = 0*
The term in the SM lagrangian:
my
Lzzy = EZ/AZMH
Helicity amplitude:
2
AL = S2(E ) - 60)).

2v

Matrix of couplings:

L (1 00
Hysx = —= (0 -1 0] +0(p?)
v3lo 0 1

First group: b= —d = 1.
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Determination of the spin-parity

LLH comparison

@ Only group can be determined without polarization
o Already something(!) - to distinguish 0%, 1%, 2+,

Likelihood of hypothesis (model M):

NEV
LLHy = — ) log I(re| M{h}),
e=1
Test statistics : TSy, mr = LLHp — LLH p

@ parameters of the model are unknown couplings M{h}
e evaluation of the LLH for the optimized values M{h}
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Numerical result: Tezz(0T1) — J/w(ptp™)d/v(ptp)

fits of a sample with 500 events. 500 MC experiments. [MM, L. An, R. McNulty, 2007.05501]
150 | — fit by group —1 —— 0T generated
—— fit by group — II —— 1~ generated
—— fit by group — ITT 100 F
fit by group — IV
g 0
-2 100 = .
g = 3
g g
2 o
E e
C i
50 F
B Bis
25
Of — L M L L Of — i T T T
-1.0 -0.9 -0.8 -0.7 -0.05 0.00 0.05 0.10 0.15
L(G{h}) TS(0/17)

@ The group-/ has the highest likelihood (Yes!) = J Natural, Even
@ Width of distribution is due to the statistics

o LLH barely overlaps. TS separation is even better.
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How angular distributions are different [MM, L. An, R. McNulty, 2007.05501]

Net ¢-dependence distinguishes naturality

27 dl hiah*y 4 2
_— = —’ 2 H = 1
N 4 1+ 5 cos(2¢), E |Ha, x|

A1,A2

groups ‘hl,lh*_l _1‘ dN/d¢ (27 /N)

group-/ |bJ? 1+ |b]?cos(2¢)/2
group-// —|b|? 1 — |b|? cos(2¢)/2
group-/ll 0 flat
group-1V 0 flat

o either fit dN/d¢ or calculate the moment (cos(2¢))
o distinguish groups / vs Il vs (Ill & V)
e warning: b might be zero = works only if (cos(2¢)) # 0
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Teczz(07F) ¢ distribution [MM, L. An, R. McNulty, 2007.05501]
MS sample, 1000 events

01
Helicity matrix H = H/\/§
60 T .
50 - T\ 4»—| hl,lhi17_1 = §
& = ] . ositive {cos(2 moment,
2 40 ] p
5 !
>
o w 60 27 dN 1
#*30r g —— =14+ —cos(2
gig N T (29)
20f s 30
::;:20 —— 0t withb=4d
10 i —_ 0
10} 0_1/4 > 10 _ 1 o Clearly different to the
. 8 . .| @ dat ‘ best one gets with
075 -2 -1 0 1 2 3 other hypotheses
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Summary: Exotics 2020

Two groundbreaking news from LHCb and it is not the end of the year yet

X(2900) in D~ K™ spectrum
@ charm-strange molecule?
@ tetraquark of "two generations”?

@ kinematic effect

Tcczz First hints for the cccc tetraquarks
@ How many states
@ How the dip is produced
@ How to treat interference with SPS
o

Measurements of the quantum numbers are critical
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Thank you for your attention

Thanks to LHCb colleagues
Thanks to Ronan and Liupan
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