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LHCDb observed = .. See M.Traill’s talk
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first studied in the doubly heavy baryoq
- nre the  Were pointed out

In early 2017
FSY, Jiang, Li, Lii, Wang, Zhao, 1703.09086
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Searching History

- The only evidence was found for = by SELEX

=t s ATK 7t =t — pDVTK~ SELEX, 02,04

—cc —cc

- But not confirmed by other experiments

=t = AfK™« FOCUS, ‘02

=) — Z0x+(7t) and AYK 7T (7)) Babar,06: Belle, '06,13

'_“" — A"‘K 7'(' LHCb, 13

—cc

Answer can only be given by new measurement

Data = Production * Decay

5



Cross S_eCtions o(Z¢e) 18 close to
of production @ LHC o(B.) @ LHC

— V'S = 7.0TeV |V S = 14.0TeV

e [°S1] 38.11 69.40 in unit of nb
[* So] 9.362 17.05

Total|  47.47 pr > 4GeV |y < 1.5

[J.-W. Zhang, X.-G. Wu, T. Zhong, Y. Yu, Z.-Y. Fang, Phys.Rev. D 83, 034026 (2011)]

- (*S0)1)|1°S1)1)||  (*So)sg) (®S1)sg)  |||(*Pr)a) || Po)a) [|CP1)1) | Po)1)
C LHC Q711 | 177. [DX0.357,3.21) | (1.58,142) | 9.12 | 3.29 | 7.38 | 204
LHC (v/'S = 14.0 TeV) in unit of nb

[C.-H. Chang, C.-F. Qiao, J.-X. Wang, X.-G. Wu, Phys.Rev. D71 (2005) 074012]

B. is well studied at LHCDb,
discovery of =.c would not be far
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ftion * DERay

The key issue

IS to select the decaying processes

with largest possibility of observation

2z Largest Branching Fractions



Lifetimes

Literatures

Karliner, Rosner, 2014

Kiselev, Likhoded, Onishchenko, 1998 430+100

Kiselev, Likhoded, 2002 460+50 16050

Chang, Li, Li, Wang, 2007 670 250

But much less ambiguity of ratio of lifetimes

R, = — =025~ 0.37 T(ELT) > 7(EL)




Longer lifetime of ="

T=+ |
R, = — =025~ 0.37 T(ELT) > 7(EL)
Tet+

» Longer lifetime = Larger branching fractions
Bi — Fz T

» Longer lifetime = Higher efficiency of identification

at hadron colliders

We recommend to search for =" rather than =




Dynamics is challenging in both charmed baryon decays

Theory Framework
for weak decays of
charmed baryons

Short + Long distance contributions



Short-distance
contributions

— external W-emission diagrams
- Calculate form factors in light-front quark model

- Calculate amplitudes using factorization approach

—CC

C . S
=+ \C > C/ —+
u :



Transition form factors (FF)
In light-front quark model

* |sospin symmetry relates _ .C ) C. 3.
FF’s of 2.7 and =1 q q
» Flavor SU(3) symmetry oo | e E/E0D) | e/
’ S g1 fo g2 |1 g1 fa g3
relates FF’s of c—s and F(0)[0.75 0.62 —0.78 —0.08|0.74 —0.20 0.80 —0.02
C—>d tranSItlonS may [1.84 2.16 1.67 1.29 [1.58 2.10 1.62 1.62

0 10.25 0.35 0.30 0.52 |0.36 0.21 0.31 1.37

» Uncertainties in FFs are c—d | Z 7 4/%0) | S Ae/200)

fi g1 fe g | fr g fo g3

mostly cancelled in the F(0)]0.65 0.53 —0.74 —0.05|0.64 —0.17 0.73 —0.03
mae |1.72 2.03 1.56 1.12 [1.49 1.99 1.53 2.03

relative branching fractions. o |0270.38 032 1.10 [0.37 023 0.32 2.62

Wang, FSY, Zhao, '17
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Short-Distance -
Contributions = ——— =

» External W-emission processes using factorization approach
A(Ecc — B M)SD
Gr

ZTV* Vugar(az)(M]uy* (1 — v5)q0){(Be|q'vu (1 — 5)[Ece)

* Relative branching fractions are reliable
B = E0M)/BET 5 =) =R, =0.25 ~ 0.37,
BET - Ala™)/BEIT — ZFx™) = 0.056,
BET - 24 ) /B(E] ++ — Z2r7T) = 0.71,

Uncertainties of form factors are mostly cancelled

B(Z1 T — ZFx")is the largest one
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small lifetime

N\
| B - E0xT)/BET - EfhaT) =R, =0.25 ~ 0.37
Cabibbo- | B(EIT — AF +) /B(“++ — 2r ) 0.056,
suppressed

missing energy

Other processes with large branching fractions, but
- either have neutral final-state particles

= pt (= mta?) Zo (= Edy)nT

* Or have more tracks
=Fal (— ntatrT)

=+t+ — =txT is the best one to search for doubly
heavy baryons among external W-emission processes
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=+t mtgt S
— = ~++©C . C@ =
—cc /u , u\ C

Tot+

"+‘|- "‘|‘ -|- —cc 4
B(Ee" = =cm) = <300fs) x 3.47%

large enough for measurement

Absolute branching fractions:

We suggest to measure =+ — =+7+ with the
reconstruction of = — pK mt

[FSY, et al, 1703.09086]

B(EX — pK~7") has never been directly measured
but predicted to be (2.2 £ 0.8)%
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Long-distance
contributions

— final-state interacting (FSI) effects
— significantly large in charm decays
- Calculate rescattering effects

N > K*U

E;'_C—I_ > A K*:':

—C > 2++




Short-distance v.s. Long-distance
Contributions

c > i < >
Ej;— \C > C/ Ej:_ 52—64— \C > C/ Z;H'
/u R u\ /u > UK

short-distance

Sr=3.4% branching fractions 5r=0.003%
external W-emission internal W-emission
color-favored color-suppressed
ai(Mdec)=1.07 az(Mc)= - 0.02

But long-distance contributions are significantly
enhanced in charmed hadron decays
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Indication from pure y
Internal W-emission

= =

AT — po AZ O“ :Op

d

Short-distance v.s. Long-distance

Br(SD)=10-% Br(exp)=(1.04+0.21)x10-3
las([c)[=0.02 lazeti(1ue)|=0.7
large-N; limit

Understanding long-distance contributions
Is essential to find a best process
for the searches for doubly heavy baryons
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Rescattering mechanism of the
final-state interacting effects

(=l
—cc

Absorptive part:

weak vertex
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Relative Branching Fractions
with long-distance contributions

Baryons Modes Bip
=4 (ccu) S (2455)K defined as 1
Largest pD™" 0.04
pDT 0.0008
= (ced) AFE™ (R+/0.3) x 0.22
YT (2455)K (R~/0.3) x 0.008
=1 p° (R~/0.3) x 0.04
ADT (R-/0.3) x 0.004
pD° (R~/0.3) x 0.002

Uncertainties of the relative branching fractions
induced by the parameter of n are less than 10%



— —+0 _
—t+ _ Z;I"I_K* S AFK gtgt

—ICcC
—x( —*0
nt K ot K
— =hf K* + =it K+ dominant
=t/E st =t/E st
++ ++
’7T+/,0+ 2. 7r+/pJr 2
+ =it AS + =it 5
=, Eg_ ?*O = EQ‘ F*O
n=10~ 2.0

B(EH - S+ K") =(3.8 ~ 24.6)%

T=++
>< ccC
- 300 {s y

Large enough for measurements

21




["++ — ATK ™~ J

CC

K or (KW)S—Wave

K- 7t =t N (2455) K
S du IS actually a four-body decay
L €AY
=t d% C »++(2455) or XFT(2520)
LU Tt

In charmed hadron decays,
final-state particles are not energetic,
and easily located in the momentum range of resonances

=+ pH+ KO = (LB (3.8 ~ 246
B(Er+ — N (2455)K™) = (SOOfs) « (3. 6)%

It would be expected to be as large as O(10%)
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=t 5> AFK ntntws. Z > ATK ™«
SELEX’s discovery channel,
LHCb measured
Baryons Modes B1p
=47 (ccu) Ej+(2455)F*0 defined as 1 A;I; K~
* A
x(~8) PP 2% 1 Brxs
pD™ 0.0008
=1 (ccd) AT (R-/0.3) x 0.22 At -
>+t (2455)K (R-/0.3) § 0.008 | “*c
=1 p° (R~/0.3) x 0.04
AD* (R-/0.3) x 0.004
pD° (R+/0.3) x 0.002

= = AJK~mm" has more signal yields
around one more orderthan =, - AT K=+



=t > AFK ntnt ws. E

—cc

—~ pDTK~

CC

SELEX’s discovery channel
Baryons Modes B1p
=47 (ccu) »rt (2455)F*0 defined as 1 A""K | ,“ |
pD*T 0.04
pD* 0.0008
= (ced) AFK™ (R-/0.3) x 0.22 A is below
T (2455) K~ (R-/0.3) x 0.008 pK threshold
=5 p° (R+/0.3) x 0.04
AD* (R./0.3) x 0.004 pDTK™
pD"° (R+/0.3) x 0.002

B

" We recommend to measure =1t — ATK 7ntnt

CC

 to search for doubly heavy baryons

V.

[FSY, et al, 1703.09086]
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LHCb Run-| Data Analysis
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[LHCb, JHEP 12 (2013)090]
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Observation
LHCD talks

It could be observed in 2013 if using the correct mode !!!
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Summary

» We systematically study the weak decays of doubly
charmed baryons

» By comparing all the decay modes, we recommend to

measure the following processes to search for doubly
heavy baryons

=+t N A;I—K 7TI7TI :++%':JCI7TI

—cc —cc

- And LHCb observed it via the both processes!

» Outlook: similar analysis to search for other particles.

20



List of studies on weak decays

1. Doubly heavy baryon weak decays: Z».0—pK-, Zc.t—2(2520) K-
[arXiv:1701.03284]

2. Discovery potentials of doubly charmed baryons: Z..**—AAK-ntxt
arXiv:1703.09086]

3. Weak decays of doubly heavy baryons: the 1/2 =+ 1/2 case
arXiv:1707.02834]

4. Weak decays of doubly heavy baryons : SU(3) analysis
arXiv:1707.06570]

5. Weak decays of doubly heavy baryons : decay constant
[arXiv:1711.10289]

6. Weak decays of doubly heavy baryons : Multi-body decay channels
[arXiv:1712.03830]

7. Weak decays of triply heavy baryons
[arXiv:1803.01476]
8.Weak decays of doubly heavy baryons: the 1/2 = 3/2 case
[arXiv:1805.10878]



Outlook

Prospect AL
» Study EZ7F in more channels?

> lifetime?

> =9 Eec—NAK T, pKrtDO

> JF =1/2%°
» Semi—leptonic decay modes?
» CP Violation?

B ees
A long long liste-:

[W. Wang’s talk @ Implication of LHCb, 2017]
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Thank you !



Effective Lagrangian

.gv PP .gvvv
Lo =1 73 Tr{V*|P,0,P]} +1 7

+igvp-p+ (D} 0,D’T — 8,D; DT)(VH); + i fy pep- Dy} (9*VY — 8" V*)i Dy

— igppp+(D'0*Py; DT — h.c.) + gpsTr[Bivs PB] + g1vpsTr[By,V"B] + g;;;l:? Tr(Bo,, 0" V"B

Tr{(8,Vy — 0,Vo)V*V*} —igppy (D8, DT — 8#D,,;DjT)(V“);-

+ {gPBchchT[Bcgif%PBcg] + (Bcg — 866)} + {gPBceBchT[BCGi’Y5PBcg] + h.C.},
+{91vB,385TTBezV, V" B3] + 92;:;3?03 TrB.30,, 0" VFBs] + (B.z — Bes)}
c3

+ {glVB(;GBchT[BCG’YuVuBc‘?,] + 22:?6::3_ TT[ECf;O'M,/a“V“BCg] + h.C.} T GA.(Z.)ND, {Kc(fc)i%DqN + h.c.}
C c3

92AC(ZC)ND;‘ {Kc (EC)JNUGMD;VN 4 hC}

+ 9142 ND: {Ae(Z)VuDGH N + hec.} + Mz + M

Hadronic coupling constants are related under the flavor SU(3)
symmetry and the chiral and heavy quark symmetries

Uncertainties are Yan, et al, PRD46,1148(1992)]
mostly cancelled in ‘Casalbuoni, et al, Phys.Rept.281,145(1997)]

. : ‘Meissner, Phys.Rept.161,213(1988)]
relative Br’s




Theoretical Uncertainties

« Transition form factors —cancelled in relative Br’s

» Hadronic coupling constants
—cancelled in relative Br’s

« Off-shell effects of intermediate states

A2 — m2\n
Fom=(Sa=r) =i p? n=l
A = me. + nAoep [Cheng, Chua, Soni, PRD 71, 014030 (2005)]

Results are very sensitive to the value of n
No first-principle calculations for n
We take n from 1.0 to 2.0
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Longer
Lifetime

colliders [41-43], the longer lifetime of the Z" baryon
should make it significantly easier to observe than the =
baryon in such experiments, due to the use of real-time
(online) event-selection requirements designed to reject
backgrounds originating from the primary interac-

tion point.  [LHCb, PRL119,112001(2017)]
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