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Motivation

>35 different states discovered
since 2003

' (min) \

Unambiguous experimental input is needed
T__Is the best example so far (dm=-360£40 keV)
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Other doubly-heavy states, [QQud]

T RV T . R | Karliner, Rosner |
- The T, [bb][ud] is likely long-lived... % O'"“*DD* ____________ o e
... but yields are suppressed due to = BD BB
x-section and BR(b - D1t/p) - E
expect only ~1072 events in Run3&4 2l
5
— _ E —-200r -
« T, [bc]Jlud] may be below BD threshold = +
by O(10) MeV co | "
1000 1500 2000 2500

Karliner, Rosner, 2017||Semay, Sllvestre-Brac, 1994

ppep(QQ)  (MeV)

Carames, Vijande, Valcarce, 2019|| Meng et al., 2021

= Opposite expectations in some
molecular models|Li Sun, Liu, Zhu, 2012 || Liu et al., 2019 ||Hudspith et al., 2020

what your model predicts?

Question to theory:

Much more interesting! Can we say T, Is within
+25MeV of BD threshold?
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https://arxiv.org/pdf/1707.07666.pdf
https://arxiv.org/abs/1211.5007
https://arxiv.org/abs/1902.03044
https://link.springer.com/article/10.1007%2FBF01413104
https://arxiv.org/pdf/1707.07666.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.014006
https://www.sciencedirect.com/science/article/pii/S0370269321000356
https://arxiv.org/pdf/2006.14294.pdf

The two cases

Having mass below/above BD threshold
means very different signatures

om<0: only weakly decaying, long-lived

Question to theory: F; """" '<_

Does it unambiguosly
tells about the nature of
binding mechanisms?
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Estimations of sensitivity in Run3

Compare to Steven Blusk’s presentation at
LHCb mini-workshop: Tcc an n 2021

Summary

. ch[ﬁa] tetraquarks could be within reach for Run 3 + 4 of LHCb.

* Strong or weak decays, O(100 or even 1000+ signal) potential

e Could begin to lay the groundwork with Run 2 data (maybe get lucky!)

* A more definitive statement requires:
* A full simulation of the signal and dominant backgrounds
* For weak decays, predictions for the branching fractions would be helpful.

My estimations are factor ~100 more pessimistic
(to be discussed in following)

LHCDb in Run3 vs. Runl&?2
- 20 fbt at 14 TeV VS. 5+3fbt at 13 TeV +8/7TeV

- efficiency higher by factor 1-2x
- overall gain up to 5x
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https://indico.cern.ch/event/1065494/

T, _production cross-section

Various predictions can be found in literature:
- 103*°__ nb for pp at 13 TeV [Al Qin. Wang, 201

- 0.3-0.4 nb for pp at 14 TeV [chen, wy, 2011

Can estimate via T__ cross-section [zhang etal., 2011 |
& assuming o(T, )/o(T ) ~ o(z, )/o(=,) ~ 0.4

o(pp — 1)
o(pp = x1(3872))

~ 0.05 ag(pp = Xa1(3872)) ~ 0.9 ub

Steve’s

number:

~ o(pp-T_+X) = (45£20) nb 100 nb
- o(pp- T, +X) = (20£9) nb Question to theory:

for 2<p.<20 GeV/c and 2<y<4.5 How reasonable this is?
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http://arxiv.org/abs/1101.1130
http://arxiv.org/abs/1806.09288
http://arxiv.org/abs/1101.4568

Weakly-decaying T, . Lifetime

Expect lifetime similar to =, _ (0.28-0.33 ps)|«iselev, Liknoded, 2002

In same spirit estimate decay widths to be:
b-c:I =0.63 ps™

c-s:_=(1.2+0.2) ps*

W exchangeinb-c &c-s: I =(0.20+0.15) ps*

Summing altogether get
(T, ) = (0.271£0.04) ps

and following probabilities: Question to theory:
f =0.22+0.04, Should the uncertainties
f =0.72+0.04, be reducedl/increased?
f,, = 0.06+0.04,
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http://arxiv.org/abs/hep-ph/0103169

TP decay B estimation | analogous B-decays B. exp TP decay B estimation | analogous B/D-decays B, exp
b — D + hadrons decay modes ¢ — s transition
DD° 103 x [, e — BK-7t (4 1)% x f. D 5 K-nt (3.95+0.03)%
or 1077 % f B-K-atxt (I5+£2.5)% X [ Dt —» K-r*rt (9.38£0.16)%
D°D¥r~ (25-50)x 10 X f, B~ — D7~ (4.61£0.10) x 103 Df = KtK—nt (5394 0.15)%
B - D*r~ (2.5140.08) x 103 AF - pK—nt  (6.28£0.32)%
B) = Dir~ (2.98+0.14) x 107° R B°Kntatn (8+2)% X f. D® — K-ntrtn~  (8.22+0.14)%
e B/ES i Sﬁﬂ: (; ? ;;0041; 10;;_3 BKptv 3+x1)%x f. D’ 5 K ptv (3.41+0.04)%
D*+D°:‘ Eg'vi ogi : s i ? o —_:D‘*W‘ ( ) x 10 BK p*X (2+1)%x fe D% > K*pv (1.89+0.24)%
. : b g (274+0.13) x10°® D° o Kn%ty (16533)%
DD x~n (1-8)x107°x f, _B_ — Dvr~r~  (1.07£0.05) x 10~ B K ntpytv (35+15)%x f. 78 K7W+#+Vsum (3.65 i 0.34)%
B’ — D*p" r-m0) (7.6 £1.2) x 107 W exchange in be — cs
Bg — D;p+[ﬂ+wn] (6 Bkl 4) x 10~3 DUK-‘}T+ (5 i“4) % 10—4 % fW
D'DPrtr—ng (0B+04) %102 % f, B - D%tr~  (0.88+£0.05) x 1073 D*K- (5+4) x 10~ x fw
D°Drn~nNr (1.0£0.3)% X f3 }_E; - Djp:ﬁ_ﬂn (1.34 £0.18) x 10~ z DK (5+4) x 107* x fi — e
e )‘? d;aD nf’o = (0.76 £0.12) x 10~ b — u transition
DD v (23£00)% x J = jDU,u_U (2.30 £ 0.09)% s @2l el BT 1SRRI
BY> Druv (2244 0.09)% . D_:rr_ AE2 = 10__ Xf B —>O ¥ 7r+71'_ 1.5 % ll]mr
DD v (51Z02)% x J B 5 D% v (530%0.09% Dimra—n—  (3+2) x107° x f, £ s (28410
DD~ v (5.1+02)% x fi B - D*puv (497 +0.12)%
D'Dtu=X (2-8)% X f, B0 5 Dtu-X (26+0.5)%
BI® D% X (73+15)%
Bt > Dp~X (9.6+0.7)%
B> Dy~ X (93+0.8)%
b — J/ + hadrons decay modes DD+h (002'02)% 1%
JWDYEK- (10£0.1) x 103X f, B~ > JWK- (1.02£0.02) x 107
JWDPK? (045 +0.05) x 1073 x f, BY - JK?  (0.89 +0.02)/2 x 10~ J/PD+h (0.01-0.03)% 1%
JWDPK™ (13£02) x 103X J, B~ = JK*— (1.43%£0.08) x 103
B® — JWK*® (1.27 £0.05) x 1073 B+h (3-6)% 1%
B - Jhp¢  (1.04+0.04) x 1073
A9 — JAbA(1520)  (0.32 % 0.06) x (0.19 4 Dh ~10°
JWDK-mtye (03-12)x103x f, | B*—= JWK-mtyr (1.15+0.05) x 10-3
B® = JWKTK-ng  (0.79+0.07) x 1073 . }
A %/J/wpK'sum Eo 32 4 0. 06; % 10-3 Question to theory.
n rovi with
fb = 0.22+0.04, fC = 0.72+0.04, fW = 0.06x0.04, Ca yOU p o . de us
better estimates?
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Efficiencies

Use toy formula:
g€=g. XE XE _ XE
rg tau

base tracks

trig:  90% for J/Y+X final state
& 60(30)% for D+X final state for Run3(2)

tau: 1 —exp(-t1/0.4 ps) (53% for T,, 71% for B_, 97% for B)

base: 50%

tracks: g, , where for every charged tracks €, is
- 40% If directly from H,_hadron
- 40% if directly from B_meson
- 50% if from B/D meson
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* here € includes €___ = 27% which

corresponds to probability of having
b-quark in LHCb acceptance

ratio

B 10 ol

Decay enmc[10”

BFf > JWKT| 55 45 3] 1.2
Bt — Jipmtrta— | 8.9 7833 1.1
B - JWKTK-n+| 89 10 [32] 0.9

BY - JWK*nta— | 89 6.8 [32] 1.3
BY — JW2K3r | 14 1133 1.3 — n n
Br > Jir| 023  031[33 07 [ TeoDDm 0.2% 0.7%
Bf —» JDy | 173 20134 09 &1 gDk 0.2% 2.4%
She o Afxt | 107 149 [33] 0.7 3
She— St | 107 208[38] 05 | T BKI, 0.24% 2.4%
Epe = DK~ 8.6 8.136] 11 B> JWKm

Good up to £25%
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Expected yields

((1\(1111111(1‘ ctot X B [1077] ‘l\p((n(l\ul(l

Expected yields:

fully reconstructed (11 nnels

D°D" 7.8 3.1

L= O-XLXBXBBDJ"" € DD 9.2 a

D DO+ 3.4 1.4

o=20nb D¥*Dta—n 3.5 1.4
sum 10

L =20 fb* (Run3) JJDY K- 2.3 0.9
JAYDOK—mt 3.1 1.2

sum 2.1

_ _ B°K-nt 32.9 13.2

O(]_-]_O) S|gna| events in _{B K ntmt 33.6 13.4
T K- rtata 5.7 2.7
individual modes S =
- expect O(100) in 20-40 channels Bos K n* 188 75
1 1 B~ L,Lj‘;_n /i 94 38
combined + O(100) in SL R - oy
sum 137

Reality may differ a lot, R 2 22
. iy 13 7

by factor 0.3-3x easily DOD*p~ + X 163 65
— all classes are important D°D%u + X 108 :
SIm i

_ B'K—ptv 24 9.5
Gain a lot from many B-K-rtuty 16 6.5
. sum 16

rgOOd?(S “;eKS DK-n¥ | 68 77
— KTIT TT, g 134 54
Dxtn~ 2.5 1

B - J/YK, Dmt, D1t modes i - -
Ivan Polyakov, CERN / LHCb mini-workshop. Tbc sum 84
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N=3.0 £4.0
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Question to theory:
1. Is this range enough?

m

L
7. g
(o)

BKwar, Bin SLmode

N Da 477

N =
SWM,.., z om 3

m

2. Can we put constrains on
relative yields?

S

my

s
Lt =

. %“r 4 Wﬂ Combmed
N =428 £ 98

global,naive(realistic)
Mg

= 11.5(7.2)
=-6.0 £6.3 MeV
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Strongly-decaying T __

Decaying to B°D° & B-D* with BRs=50%

Estimate expected yields in the same manner

Signal peaks are likely within
~1MeV of threshold

- even 40 events could
give >50 significance

Ivan Polyakov, CERN / LHCb mini-workshop. Tbc

decay channel

ot X B [107°] | Expected yield

B in fully reconstructed modes
B 90 36
B LT 108 43
sum 79

B in semi-leptonic modes

B DR 560 225
ST 300 120
sum 345
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Control channels

Natural choice to use decays of B_ mesons:
J/YDX: B_- J/YD_ (4k), B, - IPDH°K* (1.1Kk)
BX: B_-B_m* (1.8k), B_ - B®*K*mt* (900)
DDX: B, - D°D* (?), B_— D°D°mt* (?)
DX: B, - D°K* (250), B_ - D*K*1t" (600)

Possibly also (not-yet-discovered) =, my estimation:

Larger x-section. o(pp - =,.+X) ~ 100 nb in p >4 GeV
Lower BRs of baryon decays [zhang et al]: ~37nb for p,>4 GeV
- expect O(10) of events in Run3 (see backup)

For strongly-decaying states:
B'D° & B°D* from DPS or B_** (0.5-5k)

see

Ivan Polyakov, CERN / LHCb mini-workshop. Tbc 14


https://indico.cern.ch/event/1216972/contributions/5132143/attachments/2545251/4382978/AssoProdBD_BandQ_quan.pdf

Common framework

Simplifying and automatizing analysis steps as much as possible
Merging decay modes in simulation and ntuple production
Training MVA for selection and optimising final cut

Signal shapes (mass resolution & reflections) from MC
Efficiencies from MC

Simultaneous fits for various combinations of decay modes
- dedicated toyMC to estimate significances

Setting upper limits while accounting for variations in
- efficiency, T, _lifetime, expected BRs

Ivan Polyakov, CERN / LHCb mini-workshop. Tbc
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Preparations

Most of HIt2/Sprucing lines already prepared (in B&Q and B20OC),
few Sprucing lines to be added

Forming a group of interested people to join the efforts:
- Steve (Syracuse),
- Yiming, Mingjie, ... (IHEP),
- Paolo (Milano)
Let me know if you're interested

Contents
LI;I(;b LHCbHb-INT-2023-YYY
Road map document == N |< s )
2 Most promising channels for the search 2
- - 2.1 Long-lived case . . . . . . . . . . . . i i e e e 2
IS I n p ro g reSS 22 Promplly-decayingicases: & oo & 2% % 6532 8 B0 2 Bad Mt SEw s v 3
3 Analysis strategy 4
3l SIN{HANEORS RS <o wone = wes = o w0t = v comme somss eeRs B 8 {
3.2 Simulation . . . ... Lo e 6
3.3 Common framework . .. ... .. am & B & aesw S el el F 7
0 5 LR T i | A S v Dbe o HGRe wiban Bedes B 7
Search for Ty tetraquark (Roadmap) ;5 fecen .. e e i
3.6, ControlcHANTENS: = snn: s = o v %2 © @5 5 tisls SR SRE SRS % o 9
3.7 Discussion of backgrounds . . . . ... oL Lo 9
3.8 HIt2/Sprucing lines . . . . ... ... E Red b v S AR A 3 9
A Expected T} production cross-section 10
el 1 A.0.1 FEstimations for B} cross-section. . . . . .. ... ... ... ... 11
Ivan Polyakov'. 7 ; e i
A.0.2 Estimations for =, cross-section. . . . . ... ... For RO 5 11
YCERN, Switzerland
B Weakly decay branching fractions 12
C Efficiency estimation formulas 15
D Estimation of efficiencies and expected yield for long list of decay modes 17
E Estimation of efficiencies and expected yield for selected =,. decay modes 21
F List of HIt2/Sprucing lines 22
Abstract .
G Potential of CMS 24
In this note a strategy for search of a 7). tetraquak in Run3 of LHCb is presented.

Both cases of weakly-decaying (and thus long-lived) and strongly-decaying T, are Rifirences 26

considered
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Other T, states

The ground [bcud] state mass is around B°D° threshold
if it's difference to B°D° is <4.5 MeV

- should decay predominantly to B°D° m, (B#-D®¥)- m, (Be0D*0)

BD 4.50+0.05 MeV
If there is also a B*D molecule, it's mass is B*D 3.91+0.26 MeV
~0.1-1 MeV below B*D°threshold BD* 3.09+0.06 MeV
— should decay predominantly to [B%]_.D° B*D* 2 50+0.26 MeV
r
If there Is also a BD* molecule, ... D*® 55 keV
— should decay predominantly to B°[D°1tly].. D* 83 keV

B* <10 keV ?
If there is also a B*D* molecule, ...

— should decay predominantly as

Bo1_ D* or B*°[DO7t° L [B° D°7t° Question to theory:_
[BY].D™ o [DTCN]p. — [BYl[D iy, Can they all co-exist?

We can’t reconstruct ri°/y — all give peak in B°D°

Ivan Polyakov, CERN / LHCb mini-workshop. Tbc 17



Prospects of CMS

CMS/ATLAS sometimes appears to be very competitive to LHCb:
B.(2S), X~ J/QJ/y, ¥, (3P), =, (5945)°, =, (6100)

1 _b ’ _b
Contr’s:
- only modes with J/y
- In general efficiency lower by ~20x
- no hadron PID

Pro’s:
- 150fb* (Run2) + 250fb* (Run3)
- 49% of b-quarks are within CMS acceptance vs 27% for LHCDb
- good efficiency for tracks additional to reconstructed B-meson
- good efficiency for K °

decay channel | £,,; X B [1077] Expected yield
: fully reconstructed channels

Expected yl_elds for Run2&3: B0 | 510 7
~36 events in 5 modes B-K-mtnt 0.26 37
+ 47 In modes with B*/D* BYK-—ntotn 0.13 1.9
JAWWDTK 0.54 7.8
JWDV K~ 7 145 21
sum 36

Ivan Polyakov, CERN / LHCb mini-workshop. Tbc
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Conclusion

Feasible in Run3, but only if many modes (20-40) are combined
A group is forming, preparation work started

Should not ignore CMS/ATLAS

Questions to theory:
1. Will observing om(T, )<O or >0 unambiguously tell about

the nature of binding mechanism?
2. Is searching In range -25<om(T, )<25 MeV enough?

3. How well we can predict

a) x-section,
b) lifetime,
c) BRs? - B
4. Can we have states near BD, B*D, BD* and B*D*
thresholds all at once?

Ivan Polyakov, CERN / LHCb mini-workshop. Tbc
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decay channel | g, x B [1077] | Expected vield

fully reconstructed channels S i
D D . decay channel | g, x B [107Y] Expected yield

D D%, ¥ channels with 4 from B* — B~ not reconstructed

DDszDnK:Sar
sum
D .Dtr=
DﬂKaﬁD‘Fﬂ"
sum
DY D%t | pesn™
DD+~ np
sum
DDt~
JD* K-
JA| Dt e+ K~
JWDK =7 ng
sum
BY k=Kt
D+n— K-_Tl'+
EODO,,+,;— K-mt
EO[DG,.-+ . K-t
B D+3,,-K-_1T+
EODN,,-K'_?T"'
sum
B_JN,KK_?T m
B_J{tb"ﬂ'irrﬁ'-ﬂ-'-’r-'-
B~ por-K-mtmt - 22 (15-32)
B pogz K~ "™ : 3 32 (22-45)
B pig-o-K - ntant ) 18 (11-25)
sui - . 17 (11-26)
BY k=K " wtntr . KLY o 1 43 (28-65)
By, K-mtnto 3. 2 15 (10-22)
B®pogtn- K- wtntn : 150 (95-215)
sum : 2.7 ien K~ 3. 1.4 (0.7-2.5)
D'K-—7+ ] 27 (1-60) B° - : 3.2 (1.5-5)
DR~ 54 (2-125) ’" . 9.5 (5-15)
Dot~ : 1.0 (0.3-2.0) K 1.2 (0.5-2)
D= ] 2.0 (0.5-4.0) b 3.5 (1.5-6)
sum 84 “atK™ i 6.5 (2.5-11)
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Table 11: Estimation of &4, x BR for various =j. decay modes for LHCb and expected yields
with integrated luminosity of 8fb~' (Run 1&2) and 20fb~' (Run 3) and =}, cross-section of
100 nb in LHCb acceptance at 13/14 TeV.

Expected yield
decay channel | g1 [107°] B [107°] &u xB[107] [ Run 1&2
fully reconstructed channels
1.8 0.02+0.01
4.8 0.04 £ 0.02

0.07 (0-0.2) ] 0.2 (0.1-0.3)
0.1 (0.05-0.2) | 0.4 (0.2-0.6)

4.0
4.0
3.2
2.4

0.8

0.95
0.32

1.0

0.21+0.14

0.56 = 0.50
3.6+3.3

0.27+0.15
44+23
1.0£0.5
34+1.7
0.8+0.6

Ivan Polyakov, CERN / LHCb mini-workshop. Tbhc

0.5 (0.2-1)
1.4 (0.1-5)
7 (1-15)
0.4 (0.2-1)
2 (1-3)
0.6 (0.3-1)
0.7 (0.3-1)
0.5 (0.1-1)

3 (1.5-6)
9 (0.5-25)
44 (3-80)
1.3 (0.5-3)
14 (7-30)
1.8 (1-3)
45 (2-7)
3.2 (0.5-6)




Simulation

Only few decay descriptors with many modes combined:
- weakly-decaying (long-lived)
- strongly-decaying (short-lived) »
- (additional) B*D* molecule decaying to (B°y)(D1t%y)
via off-shell B*/D*

Parameters fixed
Long-lived:
- m(Tbc) = m(B°%+m(D° — 10MeV = 7134.5 MeV (expected range [-25;0] MeV)

- T(Tbc) = 300 PS (expected range [230;310] ps)
Short-lived:

-m(T,_ ) = m(B%)+m(D°) + 2MeV = 7146.5 MeV
-I(T,) =5 MeV

Ivan Polyakov, CERN / LHCb mini-workshop. Tbc
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Other doubly-heavy states, [bbud]

The T__below DD* threshold supports
predictions for long-lived T, [bb][ud]

Semay, Sllvestre-Brac, 1994
Janc, Rosina, 2003
Bicudo et al, 2015

Karliner, Rosner, 2017
Francis et al., 2017
Junnarkar, Mathur, Padmanath, 2018

... and many more

Distance from threshold (MeV)

Suppressed wrtto T__ (150 events):
- bbbb production: 1.5%
- BR(b - D1t/p): (0.1-1%)?

— expect yields of only ~10* in Runl1&?2
or ~102-10? in HL-LHC

Ivan Polyakov, CERN / LHCb mini-workshop. Tbc
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https://link.springer.com/article/10.1007%2FBF01413104
https://arxiv.org/pdf/1707.07666.pdf
https://arxiv.org/pdf/hep-ph/0405208.pdf
https://arxiv.org/pdf/1810.12285.pdf
https://arxiv.org/abs/1505.00613
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.142001
https://arxiv.org/pdf/1707.07666.pdf

Nature Phys. 18 (2022) 751
Nature Commun. 13 (2022) 3351

c",;_"‘ 70_ T T I II T | T T
N .

Z Goﬂ LHCb

—< LHCb, 2021: 1 & 2 —1

o , 91fh

= 50 |

= |

= I

=40 |

5 360 + 4074 keV/c? T Db *Heeve
mpole — =) e /C ¢ T Tpono o+ [ ,fr: ]
Lo === background
— s {otal
I pole — 48 & 2_ 14 keV ) 9 ————  D**D" threshold
0 ———— D*"D* threshold
10
i

w
o
IIII|II|I|IIII|IIII|IIII|IIII

= 20x more narrow than x_,(3872)
and 1000x than all other exotics 0

3.87 3.88 3.89 3.9
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https://arxiv.org/abs/2109.01038
https://arxiv.org/abs/2109.01056
https://www.nature.com/articles/s41567-022-01614-y
https://www.nature.com/articles/s41467-022-30206-w

A narrow peak in D°D°tt* below D°D** threshold is observed with S>200
dmpw = —273+ 61+ 5711 keV /{’ .

Naive BW parameters: o . 13

Consistent with [ccud)] isoscalar tetraquark T_" with J°=1* for which

5'mg = —359 £ 4071 keV/c?

IS determined using dedicated model

A lower limit is set on T_* - DD* coupling: |9/ > 5.1 (4.3) GeV at 90 (95) % CL

Threshold structures observed in D°D° and D°D* are found to be
consistent with T_* - D°D%1t*°/y decays via off-shell D* mesons

Matching to low-energy DD* scattering
amplitude we get

Pole position:
8mpole = —3604£407F; keV/c?,
Povie: = 484 2F7 kaV,

Ivan Polyakov, CERN / LHCb mini-workshop. Tbc
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Measured mass, nhotable matches

- The measured mass difference
dSmy = —359 £ 401 2 keV/?

IS consistent with some of predictions.

- Few notable matches for &m predictions:
= [-1,+13] MeV | semay, Siivestre-Brac, 1994
(NR quark-quark potential model)
false prediction (1993) for spin-0&1 ccqq
states with masses ~3300-3400 MeV

= [-2.7,-0.6] MeV | Janc, Rosina, 2003
(NR quark-quark potential model)
-0.6 MeV corresponds to Bhaduri potential

- [-42.1;+0.3] or [-18;+1] MeV
(OME exchange in DD* molecula)
Li, Sun, Liu, Zhu, 2012 Liu, Wu, Valderrama, Xie, Geng, 2019

= 1+12 MeV | Karliner, Rosner, 2017
(phenomenology model for compact tetraquark)

= -23+11 MeV | Junnarkar, Mathur, Padmanath, 2018
(Lattice QCD)
Ivan Polyakov, CERN / LHCb mini-workshop. Tbc
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J. Carlson et al.

B. Silvestre-Brac and C. Semay
C. Semay and B. Silvestre-Brac

M. A. Moinester

S. Pepin et al.

B. A. Gelman and S. Nussinov
J. Vijande et al.

D. Janc and M. Rosina

F. Navarra et al.

J. Vijande et al.

D. Ebert et al.

S. H. Lee and S. Yasui

Y. Yang et al.

N. Li et al.

G.-Q. Feng et al.

S.-Q. Luo et al.

M. Karliner and J. Rosner
E. J. Eichten and C. Quigg
Z. G. Wang

W. Park et al.

P. Junnarkar et al.

C. Deng et al.

M.-Z. Liu et al.

L. Maiani et al.

G. Yang et al.

Y. Tan et al.

Q.-F. Lii et al.

E. Braaten et al.

D. Gao et al.

J.-B. Cheng et al.

S. Noh et al.

R. N. Faustov et al.
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[see Refs. here]
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https://arxiv.org/abs/2109.01056
https://arxiv.org/pdf/1707.07666.pdf
https://arxiv.org/pdf/hep-ph/0405208.pdf
https://link.springer.com/article/10.1007%2FBF01413104
https://arxiv.org/abs/1211.5007
https://arxiv.org/abs/1902.03044
https://arxiv.org/pdf/1810.12285.pdf

Notable match 1

The measured mass difference

dmy = —359 £ 40713 keV/c?

Phenomenology model for compact tetraquark [cc]-[ud]

1+12 MeV
- using measured =__ mass to calibrate cc binding

Contribution Value (MeV)

(6m = 7+12 MeV - 112 MeV) 21, Sy
Karliner, Rosner, 2017 2!”)1{? : 726.0
e/ (M2)? 142
—3a/(m})’ —150.0
cc binding —129.0

Total 3882.2 £ 12

Ivan Polyakov, CERN / LHCb mini-workshop. Tbc 28


https://arxiv.org/pdf/1707.07666.pdf

Notable match 2

The measured mass difference

dmy = —359 £+ 40f2 kEV/(32

N . B S B S R S E——

compact

NR quark-quark potential model fec{ud] . DD olectia.
[-2.7,-0.6J\Mev ~27%
with Bhaduri potential _ 0% i
' = ~ L ] L 2 L'L'r
L . ;) ° 406 - p ")
gives insight into wave function: ‘U = I ey
spatial & color configuration :r 0 0ar; oy )
. * ] L i p pL’L’
- dominated by DD* component ot
|Janc, Rosina, 2003| ek - + e /S
R~ 4 B L : hT_ ] e Py e
% a3 =2 3 ®# &

Would love to see a refined calculation

Ivan Polyakov, CERN / LHCb mini-workshop. Tbc
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