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N You Wang Jun Jiang, Jia- ng. en, and etal
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theoretical predictions. The theoretical estimates predicted

P

that, of the total sample—at—thefixed target experiment

m abou ould be produced N P —
via =/. decay accordingly [4—8},—whereas, the SELEX B — :
collaboration found that almost 20% of A evemt

sample were produced via 2. decay.

Phys. Rev. Lett. 89, 112001 (2002)

S in their Roughly 104 larger than expected

We observe a signal for the doubly charmed baryon =7, in the decay modd =, — pDVtK~
to complement the previous reported decay =%, — AT K~ 7% in data from SELEX]

the charm hadro-production experiment at Fermilab. In this new decay mode we

In Ref. [1] we noted that the Zf — AY K~ 7t vield and acceptance implied
that a large fraction of the AT decays seen in SELEX came from double charm
decays. That was a surprise. For the Zf — pD* K~ case that is not true. Only
a few percent of the SELEX D% events are associated with double charm.

Phys.Lett.B628, 18 (2005)

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chonggqing Un _ 3




SELEX is still the only experiment observing double charm baryons. We published ob-

servations on two different decays modes, 2% — AT K7t [5] and Zf — pDT K~ [12].

After a re-analysis of our full data set, with improved efficiency and resolution, we
presented here a higher-statistics observation of =f — AF K~ 7+, and a re-analysis of

the Z..(3780)**. The new analysis also allaws access taadditional decay modes, and

we presented here the first observation of =F — ZEfn—7+

SELEX, arXiv:0702001

essential to observe the same state in some other way. Other experiments with large

other

_ charm baryon samples, e.g., the FOCUS [7] and E791 fixed target charm experiments
experiments

at Fermilab or the B-factories, have not confirmed the double charm signal. This is

A search for the doubly charmed baryon =7, in the decay mnde'E_;t:—} AFK—7t ls
performed with a data sample, corresponding to an integrated luminosity of 0.65 b1,
of pp collisions recorded at a centre-of-mass energy of 7TeV. No significant signal
is found in the mass range 3300-3300 Me‘u}"cg. Upper limits at the 95% confidence
level on the ratio of the 2. production cross-section times branching fraction to
that of the A}, I, are given as a function of the =, mass and lifetime. The largest
upper limits range from R < 1.5 x 1072 for a lifetime of 100fs to R < 3.9 x 10~ for

a lifetime of 400 fs. LHCb,JHEP12,090(2013)
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There is still no definite conclusions on SELEX 02 results

What'’s the argument for the conclusion of

about 1075 of Al events would be bmduced via =.. decay

At high energies of parton subprocesses as the gluon fusion gg — cce@ |, the hard produc-

tion of heavy quarks is suppressed in comparison with the production of single pair e by
the factor U

The gluon fusion dominant at the SELEX energies, the hard production supposes a strong

in the additional factor o

threshold effect for four hu;i quarks. This threshold suppression is significant and results

The hadronization of four heavy quarks results in a fraction of doubly heavy barvons

abou

Such naive order estimation is correct or not ?
The production cross-section could be small, but cannot be too small

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chonggqing Un




charmed baryon

-charm quark

LHCb new measurements

A highly significant structure is observed in the A7 K n7x™ mass spectrum, where the AT baryon is
reconstructed in the decay mode pK~x™. The structure is consistent with originating from a weakly
decaying particle, identified as the doubly charmed baryon Z77. The difference between the masses of the
Z5F and A7 states is measured @ be 133494 4 0.72(stat.) £ 0.27(syst.) MeV/¢?, and the E57 mass is
then determined to be 362140 + (0.72(stat.) + 0.27(syst.) + 0.14{A7) MeV/c?, where the last uncer-
tamty is due to the imited knowledge of the A7 mass. The state is observed in a sample of proton-proton

collsion data collected by

: LHCb experiment at a center-of-mass energy of 13 TeV, corresponding o an
integrated luminosity of 1.7 fb~)), and confirmed in an additional sample of data collected at 8 TeV.

A longer lifetime
A large branching fraction - See Wei Wang'’s talk

Maybe 5fb-1
ru - L u |

c > > C}AJ%}JK—:{'_ (d > > d,
v . c - > c Al
. d ! A

=1+ 5 —
e ,.__g_}ﬂ-l E:;, <‘_ﬁl ~
| — 4 e '"
c > » s K l w \C_:}}ﬂ'
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What'’s the more accurate production mechanism
(our main concern)

l) Production mechanisms.
Il) More intermediate baryon states/combinations.
lIl) Treatment in specific kinematic regions-.

pQCD calculable Hard quark pair

We show that from the production side alone, the “seemingly” gap could be changed
from 2x10% down to 10%; Maybe carefully studies on the decay part (mostly non-
perturbative, still with large uncertainty) may finally solve the puzzle.

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chonggqing Un : V4




/The hadronic production mechanlsms/;‘or Xicc

T he use of typical
fragmentation function
gives negligible differences.

H Nogr
Dee®) = i /m) —cqora — 2P

(General picture: Production of a charm diquark pair first, and
the diquark fragment into baryon with 100% efficiency)

: ]_ L Q(pa) _
g IJ1

} Hard (QQ") [” (pa)
gg-channel ' >:‘
9(p2) | kernal

(ec)[n](ps)
C(Dl) E
&(pa)

C(p]) (§§366‘ (6666‘ ?&.
c(p2) > g . . . . . >

gc-channel
cc-channel

Y \

Q0

000

000

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chonggqing Un : 8




1) gluon-gluon fusion mechanism (dominant; main concern)

gtg—(cc)l’Sh+e+e g—l—g—:(g_._:][_'fj{,]ﬁ +¢+¢
o -~ N Lund model: u:d:s=1:1:0.3

2) gluon-charm collisionechanism®, et
By o Q, =43%:43%:16%

/ -
g+ c—(ecc)’S s+cigte— (co)' ol + ¢
I

\

g

. .' -
3) charm-charm cp!llsqon mechanism . Two-body
L“|‘L‘—'(L‘L‘)[3$1]§ tg .:"\‘—I- c— (cc)[]Sﬂ]G + é‘ ~ phase-space,
: ! ~ significant in
lower-p, region

. . \ . . ; A
Here, charm is either e>‘<\t\r|n5|c or mtry‘lsm

\ 4
\\\ z’,
Table 1 S’
All the considered channels for the hadronic production of the double-heavy barvon, which are defined by the two parameters mpenxi and ixicestate. Here the

symbol gz-channel stands for the gluon—gluon fusion channel, etc.

mgenxi=] (for .-} mgenxi=2 (for S} mgenxi=3 (for Sg)
ixicostate=| gg-channel, {.:.:;lj[3 51 gg-channel, [br_'_]j[j S gg-channel, {b.b}j{j.i'”
ixlccstate=2 gg-channel, (cclgl I S0) ge-channel, (bcigl l S0l ge-channel, {h.b}ﬁ-[] So)
ixicostate=3 go-channel, [-l'-l']j_l:-"l_"-ﬁ']_] gg-channel, [.i:lr:}ﬁ[3 S -
ixicosiate=4 ge-channel, [rr]ﬁ{l_"]'uj ge-channel, (be)zi l A1) -
ixicostate=3 co-channel, {ff}3{55|} - -
ixicostate=H6 ce-channel, {ff}ﬁ{] So) - -

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chonggqing Un _ 9




2. Xicc Generator GENXICC |

99 > (C+C)E, +T+T

Analog
gg — (C -+ B) B."+C+Db Bcvecry

Key transformation: B-quark line to c-quark line

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chongaing UniV ] 10




Main Differences for Xicc and Bc productions

wlr) = e tfrmiia)
—(f—m)a-i)

ulr) =

The spin of massive spinor corresponds
to helicity of an arbitrary massless spinor

The arbitrary massless spinor could be a
test of the correctness of program

Transforming quark-line to anti-quark line

HME; = {{Fmﬂl(ﬂiﬂ + mc}i‘i(ﬂfﬂ - mn-]|§fn,1] }J

HME; = _{q{lf—ﬁ.]‘jl(iﬂ + m ) s — mc”ﬁi’n(—aﬂ}-

{D[M] |f1 . nfn |Ifi"r_.11‘]} = {_ 1 Jn+1<fi"{_¢1j|fn . .fl |-”f—i1‘1}’

TABLE V. The square of the six independent color factors TABLE VI. The square of the six independent color factors
(including the cross terms) for gg— (e[S, ]+¢+é. (including the cross terms) for gg — (celg['Sy] +¢ +é.
(Cij % Cpij) withm, n = (1,2, -+, 6), respectively. (Cpui; X Chiy) with m, n = (1,2, - -+, 6), respectively.
CT!'J' C;fi CXU’ C:"J" C; i szi Cl*:' i C; ij C;:’ J CI:‘ J C;:' J CE:‘ |
Ocllelg@ <, : -+ : -+ & & o + 4 i -+ & ¢
factor |[NSCAREER T N S SRS SR S S R SR
3ij 3 iz 3 iz iz 3 Cyy; F -5 g u -1 2
AN S S S SRS S S VRS S S S SR B
6ij 3 iz 3 7z "5 3 Ceij L u % _— -1 %

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chonggqing Un

11




- -’ ;

As a dedicate generator, the key purpose of
#”  GENXICC is to achieve high efficiency

“Helicity Amplitude Approach”

List all possibility of the helicity amplitude and get their
numerical values before squared

==> Finding out basic diagrams < using basic quark lines

==> Using those basic units to form basic QED-like diagrams
using gluon-gluon exchange symmetry;
using quark-line exchange symmetry;

==> Transforming all QCD-like diagrams to QED-like ones
via decomposition

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chonggqing Un : 12



m=1 j=1

= E f*ﬂﬂJEm k.

=+, Ag = =, which stand for the helicities of the particles in the process.
; vy |As | Ae ([ & || X [Ae | Ag (A | As

] --4 type of symmetry

k --64 helicity combination
Egi;j,ﬁ [k={1:' "l 4)‘: {g: ! :12}:{3?; HENE éﬂ}, {\'15: bEd :48})
=. e (B =By B, (1850160, (38,0 -, B6), (4T, - -, 447)

TABLE I The correspondence between &= 1,-- -, 64&ndl1 =, A = =, Ay = &, A4 = &£, 'ia____z

k

lx-l

g

¥

A1 | A2 A

-+

-+

ra[alra
- |+

Independent

helicity

amplitudes

1S,-8-independent

3S,-16-independent

T+

[+

S 1 et | D [ I e B
| o Bl o el el Bl e ] ] el Bl I
3|\ [+ |+ |+ |= |+ 9= |= |= |= [+ ]|= BB ||+ |+ |- |+ |- |+ —|=|+|=|+]-
|+ |+ |+ |= |- [eoll= |= |- |= |+ ]+ 8|+ |+ |- |+ |=|= 2] = |- |+]|= |+ |+
5 ||+ |+ |+ = |+ |+ e1]= |= |- |+ |- N+ [+ == [+ [+ [ss]= |- [+ ]+]- |-
6 ||+ |+ [+ |— |+ | [22] = |~ [= |+ |= [+}is8 b |+ = |- |+ | = sa] = |= [+ ]|+ |- |+
7 [+ [+ [+ |= [~ [+ [es]= |- |- [+ |+ [<Abo [l [+ [= |- |- [+ s [|= |- [+ [+ [+ ]~
g ll+ |+ |+ |— |- |- 24| - |- |- [+ ]+ [+ |+ == |= |- |Ip6] = |= |+ |+ [+ |+
(= (= [+ |+ |+ |25 - |- o | = || [ [+ [l ]| = [ = [= = |-
- = [— [+ |+ |- [fes]— —|- P Y D U U R )
L == |+ |= |+ [le7|— - + =+ | = [+ o= [+ |~ |- |+ ]|
|+ + +
¥

25
26
27
28
29

T+ [F[F [ [F]F

IBEBEBREC

otk | el = |o|@

TR

|
ISR AR AR E A
I
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Nine basic
QED-like
diagrams

kg e, ky k,
I‘ qll!T q-lT L]
Aw.] Aw-]

(o) (e} (e)
My e *
« Decompose
'QIIFT q-lT [ il
Ow1a] Aw1a] ky 1
(w) (N (g)
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§ i

| Decompose b
e

A
y A=

—

Tur] Mg

{b} qm.'l Ma

a

Key: QCD to QED diagrams

[N &0 kg a bRy
) ke o cr a
Qi i LTS &8,k .
[A] 2 A

FIG. 6: The three gluon coupling vertex is decomposed as in Eq.(16): the first two terms are the
‘basic QED-like’ terms and the ‘remaining’ terms are expressed by several extra basic functions.

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chongaing UniV il 16



+ X1

Equivalence of
two ways get a
relation among
QED diagrams

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chonggqing Un

first step

second step
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folqy,
filqy,
flq1,
filqy,

42,
42,
42,
42,

Jalgt, g2,

Ten basic

quark-lines st

q2, k1,

k1,

Ev1k = filge1, ge2, k1, A3, ha, 45) - frige, gp2, k2,
E2 1k = f20Ge1, Ge2, k1, A3, ha, A3)

Ej, 1k—f1{1?c1 Gea, Ky, A3, by ds)

- Falge1, gra, k2,
fl (b1, gp2. k2.

Fsix=| Nlne ba5|c QED dlagrams

B 1k =

Ej1x= fG{le-Gle\laﬂZ “ [5(de1, Geas Ky, ko,
Esg 1.k = folqp1. qb2. A1, A2) - f6(qc1, ge2. k1, k2,
Eg 1k = folge. qb2. A1, A2) - f1(qe1, ge2. k1, k2,

k1, k2,

A,

2,41,

2,41,

A2,

LA

A3

L Ad4)

= (qos, | (1 + m)¢™3 (k1. go) (dh
,hd) =
,hd) =

LAhg) =
LAy =

X1sh2) = (qos, |(d1 +m)ys(da — m)|qos),

k. ki ko, k) = (g | (1 + m)ys (K — g + m)é™3 (k. go) (da — m)gos,),
kohgshouha) = (qoi | (d1 +m)g*2 (k. qo) (4 —
ko ks oy hs) = (qoag (1 + m)é™ (k, qo)(da — m)lqos, )
A3, he) =

¥+ m)ys(da — m)|gos, )

(qoa, |1 + m)ys(K1 + f2 — g2 +m)¢ (k1. qo)

x (f2 — d2 +m)¢™ (k2. qo) (g2 — m)|qos,).

— f1+m)ys

* ({2 — d2 +m) ™ (k2, qo) (g2 — m)|qos,).

(goa, (1 + m)d™ (k1. go)(d1 — K1 +m)

< ¢ (ka, qo)id1 — K1 — K2 + mys(d — m)|qos,),
(gon, | (1 + m)ys ™ (k1. go)é™ (k2, go) (d2 — m)|gos, ),
{gon, |(d1 + m)é™ (k1. go)¢** (ka, qo)ys(d2 — m)lgon, ),
(qon, (g1 + m)d™ (ky. go)ysd™ (ka, qo)(da — m)ldon, )-

[k

and E7 ; ; may be replaced as

kB9 1k — B3k + Er 2k,
k1Eok — E3

Es3p=E734+2qp - k1Eo3 ) — E3f
k1Eo gk — E3}

Es1p=E714+ 240
Esak=E724+ 242

Seven are
Independent

Esar=E74k+ 24

Erik=—Esik+Exik+Eg i1k —29q
Erpk=—Es2k+ E22k+ Eg 2k — 2401
Er3px=—Essx+Er3x+Eg3k—2qp1-
Erap=—Essk+ Erak+ Egak— 2qp -

k12Es 1k — 2E5 2k + Eo,1k),
k2(2Es24 — 2Es 1k + E92.k),
ki(2Es3k —2Es 41+ Eo3 ),
k(2Esak—2Es3k+ E94.k).

CERN, 8-10, Nov. 2017, Implications of LHCb measurements...
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BASIC INPUT: NEV,NUMBER,ITMX,VEGASOPEN

Y

IT=0; IT=IT+1 . g

NUM=0; NUM=NUM+1

— | IGRADE==1 [ ¥

Yy

Read existed GRADE

CALL PHPOINT()

CALL AMP2UP()

The whole
flowchart

1=0; I=I+1 ~

PYEVNT

!

CALL PHPOINT()

CALL AMP2UP()

v

PYEILL()

" |<=NEY

N

PYDUMP()

L ¢ New GRADE I

IMPROVE
THE MONTE
CARLO
EFFICIENCY

USING PYTHIA
TO GENERATE

FULL EVENTS

Improve efficiency for
generating unweighted
events; The hit-and-miss
approach for PYTHIA is
time-consuming and is
replaced by an alteration
of MINT package.
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As a summary

Because of

and

and

and

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chonggqing Un

Aetting numerical results at the amplitude level N\
throughly applying all kind of symmetries

throughly maximizing the same type terms

\Qoperly using of ways to improve the sampling efficiency

GENXICC together with BCVEGPY
are high efficiency generators

20




3. Properties of hadroproduction of Xicc/Xibc |

Numerical results under various input parameters could be
conveniently obtained by using GENXICC

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chonggqing Un




daid P, (pb/GeV)

E.. =20 GeV. 40 GeV, 60 GeV, 80 GeV and 100 GeV,
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A cross-check of GENXICC

at the subprocess level

4] 5

151521}2530554!}-1550
P, (GeV)

dofd y (pb)

10

1

o
.‘a:,oe?””*”"
gg® oz

o
b
LR TR
L
LI |
Py

0
y

107

10

FIG. 5 (color online).

The energy dependence of the integrated

partonic cross-section for the production of the baryons via the
heavy diquarks in terms of the gluon-gluon fusion mechanism.
The dotted line, solid line, dashed line and dash-dot line stand for
those via the diquarks {cc);[*S,]. (bels[*S,]. (be)['S,] and
{bb)3[*S,] respectively. The curves for =, and =, both are

divided by 2.
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TABLE 1L

4 GeV, |y| = 0.6 instead.

Cross sections (&) for the hadronic production of
=, at colliders TEVATRON and LHC, where the (cc)-diquark is
' in (cc);[78,] or (cc)g[' Sy). and the symbol g + ¢ means g +
¢ — 2. + ¢ and etc. In the calculations, cuts p, = 4 GeV and
|v| = 1.5 are taken at LHC, while at TEVATRON cuts p, =

Production at hadronic colliders

 — —

TEVATRON (+/§ = 1.96 TeV) JLHC (/S = 14.0 Tev))

'Tg+g{"b}
"Tn+g[;"b}
'Tn+n{"bj

(cehs[*S,]
1.61
2.20
0,751

Lffalﬁ[l S:]]
(.392
(360
0.0431

celS,] (cekl'S,] diquark: oy, 10y, =411
22.3 5.44
221 3.42 c —quark contribution is sizable
874 0475 y

Here c-quark is the extrinsic charm

dafdp (nb/Gev)
dafdp {nbiGeV)

5 10 14 20 2 an 5 o L 5 =
B(Gev) BiGev)

FIG. 9 (color online). The p,-distribution for the hadroproduction of E . at TEVATRON (left) and at LHC (right), where [y| = 1.5 at
LHC and |y| = 0.6 at TEVATRON are adopted. The dotted line and the solid line are for gluon-gluon fusion mechanism, the triangle

line and the diamond line are for g + ¢ — 2, + ¢, the dashed line and the dash-dot line are for ¢ + ¢ — E,, + ‘g’, where the upper
lines of each mechanism are for (cc)5[*S,] and the lower lines are for (cc)g[' S, ] respectively.
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- |
—@g —H= =
\ on-schey

o = Fgﬁl (x]r ey m{_-)FgH,Z (XZ, o mf) ® 5.33_';2:{&&} (x]J xz; M, m{_-) + { Z Fﬁ'[ (x].l M, mg][FEHJ (XZJ M, m{_-)
=12

B F';‘TJ (Xz, Mo mE)SUB] ® &EEHE“H (X]; 2 mt}} § { Z [(Fiﬂ (le My mr.') - FLH, (X], My mc)SUB)
Q=T Ti%]

: (Ffj-}'} (XZJ M, m(_‘) - Fi}j (xb ey m{_‘)SUB]]@ &L'L‘—-E“[R](xlr Xo, W, mL)} + .- ,

ij'(xr fim mr_‘)SU'B = FEH(-X! My mr_‘) ® F;(x, fom mr_‘)

, a(p) 1k
idy T Folx, mu,m.) === In&; P e (x)
= | = Fy, pomIFE (= ) - "
jx A E[}J #J m‘r_) H(}T! .|ul"1 mg) Pg_‘f(x} — %(l _ zx + 2x2)
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dofdp (pb/GeV)

Production at SELEX

uses 600 GeV charged hyperon

beam to produce charm particles
in a set of thin foil targets of Cu {GeV)
or diamond—CME=33.58GeV

FIG. 10 (color online). The p,-distributions for the hadropro-
duction of 2, at SELEX. The dotted line and the solid line are
for gluon-gluon fusion mechanism, the dashed line and the dash-
dot line are for g +c— E,, +¢, the triangle line and the
diamond line are for ¢ + ¢ — E__ + ‘g', where the upper lines
of each mechanism are for [66}3[3 8, ] and the lower lines are for
(cc)g['S, ], respectively.

Extrinsic charm gives dominant contri-
butions especially in low pT region

scale-error

1 1 1 1 1 1
o 2 4 & a i0 iz

P, (GeV)

FIG. 11 (color online). The energy scale dependence of the
p-distributions for each mechanism at SELEX, where the con-
tributions from (cc)3[*S,] and (cc)g[' S,] are summed up. The
upper band is for the mechanism g + ¢ — E,__, the middle band
is for gluon-gluon fusion mechanism and the lower band is for
¢ +¢— E,.. mechanism, where the solid line in each band
corresponds to g = M,, the upper edge of the band is for & =
M, /2 and the lower edge is for u = 2M,, respectively.

TABLE IV. R wvalues, which is defined in Eq. (10), for the
hadronic production of = __.

SELEX

7\

Tiotal

TEVATRON LHC

02 GeV p, =4 GeV. |yl =04 p, =4 GeV, Iyl = L5

' ;{' P }

r

34 2.8

2g— Bacl(cc)a[* 51])

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chongging U _ 25




How about
r intrinsic charm ?

fal, ) = fg= o, p
fa, ) = fg= (e, p)

FEmx, 2m,) = FE™(x, 2me) = GE[6x (1 +x) Inx + (1 — x)(1 + 10x +x7)]x2, (7)

where P stands for the proton, the parameter £ is determined by the first momentum of the
distribution, i.e., the probability to find a charm quark in total:

b e using DGLAP
Ain Eﬁ fp(x. 2me)dx = & x 1%. get PDF at any scales

When £ = 1, it means that the probability for finding ¢/¢ component in proton at the fixed
low-energy scale 2m, is 1% as suggested in [12, 13]. In the following, we will take a broader
range £ € [0.1, 1] to do our discussions®. The charm content in an anti-proton is the same as

J.Pumplin, CTEQ,
PRD73,114015(2006)

001 o

i3 gluon PDF unchanged
«+] charm-PDF affected for large x,

1E-5 T T T
1E-4 1E-3 0,01 0,1 1

Figure 2. The charm PDF (left) and gluon PDF (right) at u?2 = 10 GeV2. The solid line is for
xfED{:r. ) or xfa[,]{x. ). The dashed line, the dotted line and the dash-dotted line are for x f. (x, p)
or Xfg(x, i) with Az = 0.1%, 0.3% and 19, respectively.
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p(GeV) v

Figure 3. The p,-distributions (left) and y-distributions (right) for the hadroproduction of E..
at SELEX with different values of A;,. The dotted, the dashed and the dash-dotted lines are for
Ajn = 0.1%, 0.3% and 1%, respectively. The result with CTEQ6HQ, i.e., Ajp = 0 is shown by a
solid line (the lowest one).

Table 1. The contribution of o from different sub-processes initialized by the partons ab to the
total cross section (in pb) for the =, hadronic production at SELEX with the cut p; = 0.2 GeV.

CTEQ6HQ(A;, =0) Ajp = 1%

Ty Gap Oge Tgg Toe e

(coi*Si] 403 L02x 1077 102, 406  1.25x 107 372
(coy['So] 0754 415%107% 113 0758 5.01x107% 409

Table 2. The contributjg of the sub-process ge — E. in the different x region in the charm
quark PDFs with ,/ 1% and 0.2 GeV.

If there is intrinsic charm,
the effect could be sizable
for SELEX

Table 3. The R values for SELEX with the cut p, = 0.2 GeV.

CTEQSHQ (A = 0)  An=0.1% An =0.3% /
R 203 6.6 513 (

Tiotal
R = )

Fgp—s Becifccn[* 511
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daidp, (nb/GeV)
dodp, (nb/GeV)

Figure 6. The p,-distributions for the hadroproduction of 2., at TEVATRON with the rapidity
cut |v| << 0.6 being adopted. The meaning for the lines in the figure is the same as figure 5. The
differences between the two cases with and without intrinsic charm are too small to be seen.

being considered (the PDFs In TTEQSHQ [8] are used), respectively. The dotted line, the dashed T T T T
line and the diamond line correspond to that of the g + g2, g + ¢ and ¢ + ¢ mechanisms with the
intrinsic charm being considered (the PDFs of equation (6) with Ay, = 1% are used), respectively.
The differences with and without intrinsic charm are so small that, of them, only at LHCb for the
g + ¢ mechanism the difference can be seen from the right figure.

LHC and TEVATRON are hard
to measure the difference
with or without intrinsic charm

8 20 25

Obvious for SELEX
|

Figure 8. The p,-distributions for the hadroproduction of E_.. The dotted line, the dash-dotted
line, the circle line and the diamond line are those corresponding to LHCb, LHC, Tevatron and
SELEX with A, = 0, respectivelv. The solid, the dashed line, the triangle line and the cross line
are those corresponding to LHCh, LHC, Tevatron and SELEX with A;, = 1%, respectively. Only
at SELEX, the difference between the cases with and without intrinsic charm can be seen.
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Production of Xicc
at the After@LHC

May test intrinsic
charm mechanism

TABLE 1.

The resultsgt Aftre@LHC may clarify the puzzle of SELEX

p, > 0.2 GeV.

Gy+q (PD) Gy+c (Pb) Gete (pb)
(cc)sPSy] 3.19 x 10°
(cc)sl' So]

do/dp; (pb/GeV)

-y —

v g —

o ge—
« ce— (ec)z[*Si] |

1+ e el sl

cc)3[*51]
cc)g[" So ]
— g — (ec)3[* 5]

cc)g[" So)
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Total cross sections for the Z.. production at the
After@LHC with /S = 115 GeV, where the intermediate (cc)
diquark is in [S,]5 or ['Sg]e, respectively. m, = 1.75 GeV and

Gore =6.1x102:3.4 x103:1.

2g—+ Becl(cch[*51])




A comparison of Xicc, Xibc, Xibb at the LHC (14TeV)
(similar for 7TeV, 8TeV)

10° ¢ 10°
F Xice — i
- - == Xibe - === Xibe
10" — - — Xibb)|
—
>
= YD 1w Xibc sizable in
E L4 S .
i LY D
=0 = large pT region
— = .
B —— T T . - 10"
= ,.-l"f H"“" -.U..
e ~ o
o'y e N S
-/ \ vl <15
" p,; > 4GeV \ R )
10'2.I.I.I.I.I.I.I.I.I. 1':I.I.I.I.I.I.I.I.I.I.I.I.I.I..h‘.
5 4 3 2 4 0 1 2 3 4 5 2 4 B 8 10 12 14 16 18 20 22 24 26 28 30
y p,(GeV)
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4. Summary and Prosg

» Due to its high efficiency, GENXICC, shall be very useful for MC simulation.
One can conveniently obtain results under various input parameters.

» The coming more accurate LHC data shall provide a better platform to check
all theoretical predications and to learn the Xicc properties in more detail.

» Together with its decay properties, we can obtain a full estimation of Xicc,
and hence have a better comparison with SELEX experiment.

doubl LHCb
il e
charmed baryon e — CCUH

QEGIEN S €— =1 = ccd ‘ charm quark large pT
SELEX

How to explain the puzzles between SELEX and LHCb ?
How to explain the ~100MeV mass difference between those two baryons ? Theoretically, it is several MeV
Why different availability at different platforms, since their production rate are theoretically the same?

doubly
charmed baryon

small pT

Within LF-QCD, taking into intrinsic charm, may solve the spectrum problem/1709.09903
31

CERN, 8-10, Nov. 2017, Implications of LHCb measurements..., Chonggqing Un



How to improve the precision of pQCD calculations

Principal of Maximum Conformality (PMC)
(Collaborators: Stanley J. Brodsky, Matin Mojaza, ...)

Why insistent on using the guessed renormalization scale ? !
Can we achieve scheme-and-scale independent prediction at
any fixed order ?'!
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; | f
/ Fixed-order prediction at the hadronic colliders

(€] | A
factgriz;?ion do = fafb ® o ® F

Fragmentation
models

parton Perturbative partonic
distribution Cross section
functions (virtual & real radiation)

How to set the
6=o0g[l+as+a?+- ] renormalization

/ x \ scale ?
Contains ag of NLO

| | NNLO
tree level process current frontier
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Before and after applying the PMC, the issues are always like this
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PMC predictions:
Quickly approaches its “true” value; also scheme-independent

More accurate predictions for low orders without initial scale dependence
Residual scale uncertainty is negligible

?'i\.‘b:::ﬂ-l-.:m.'.:
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1038
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—= L0
PMC scale setting | NLO
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pEMC (b
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_I'-I:ir“:f::{_}l‘..‘fr}

Hopefully, we may find time to discuss this topic
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Thanks for your attention !
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