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Developed in about ten years

Generators for Bc meson and Xicc baryon events

1) << BCVEGPY1.0 ...>> Comput.Phys.Commun.159, 192 (2004) — S-wave
2) << BCVEGPY2.0... >> Comput.Phys.Commun.174, 241 (2006) —P-wave
3) << BCVEGPY2.1 ...>> Comput.Phys.Commun.175, 624(2006) — Linux
4) <<BCVEGPY2.2...>> Comput.Phys.Commun. 183,442 (2012) - Present version

==== BCVEGPY 7T GENXICC | ====
5) << GENXICCI1.0 ...>> Comput.Phys.Commun.177, 467 (2007)

6) << GENXICC2.0 ...>> Comput.Phys.Commun.181, 1144 (2010)
7) <<GENXICC2.1 ...>> Comput.Phys.Commun. 184 , 1070(2013) - Present version




Directly related works for hadronic production of
Bc meson and baryons

1) <<Uncertainties In Estimating Hadronic Production Of The Meson Bc and
Comparisons Between Tevatron And Lhc>> Eur.Phys.J.C38, 267 (2004)
2) <<Hadronic Production Of The P-wave Excited Bc-states B*cJ, L=1 >>
Phys.Rev.D 70, 114013 (2004)

3) << The Color-octet Contributions To P-wave B¢ Meson Hadroproduction >>
Phys.Rev.D 70, 074012 (2005)

4) << Hadronic Production Of B¢ Meson Induced By The Heavy Quarks Inside
The Collision Hadrons >> Phys.Rev.D 72, 114009 (2005)
5)<<Estimate of the hadronic production of the doubly charmed baryon =Zcc
under GM-VFEN scheme >>Phys.Rev. D34,094022 (2006)

6) << Hadronic production of the doubly charmed baryon Zcc with intrinsic
charm>> J.Phys. G34, 845 (2007)

7) << Hadronic Production of the Doubly Heavy Baryon =bc at LHC>>
Phys.Rev. D83, 034026 (2011)



To agree with the purpose of the present conference,
the main purpose of the present talk is to provide a
detailed introduction to the

Improved Helicity Amplitude Technologies

To improve the efficiency of the generators




» Mechanisms for the Bc hadronic production

A) gluon-gluon fusion -------- dominant (our main concern)
color-singlet: S-wave: Bc (1), Bc*(~2.6); P-wave: Bc*(~ 0.5)
color-octet: S-wave: Bc+Bc* (~0.1)

B) quark-antiquark annihilation ----- must be light quark
color-singlet: S-wave: Bc+Bc* (~0.1)

There are also extrinsic and intrinsic heavy quark mechanisms, in the
generators, we do not consider them so far, which provide
contributions in lower pt regions.
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QCD factorization picture
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Hard
Scattering PQCD
Amplitude

Differential cross-section for subprocess
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Xicc similar to Bc case

Model: Diquark => Baryon
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(b)

Color
factor
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Paglly K gu, = (=10 gl K poah

TABLE V. The square of the six independent color factors
(including the cross terms) for gg— (cc)s*S,]+¢é +¢é.

TABLE VI. The square of the six independent color factors
(including the cross terms) for gg — (celg['S,]+ & + ¢,

(Coig % Cpij) withm, n = (1,2, - - -, 6), respectively. (Cpj X Chip) with m, n = (1,2, -+, 6), respectively.
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' BCVEGPY./ GENXICC

|
gluon-gluon fusion
1) Helicity amplitude approach

To get the numerical value at the amplitude level

2) Detailed processes for the approach

Z. Xu. D.-H. Zhang, L. Chang, Nucl. Phys. B 291 (1987) 392.

k) = {V;}Hk#{??|+|ﬁ>m|]

kih,ul?i } ‘f? P'ifq_-)

I1:

TV R R EN e Ao e aell | he amplitude independent of the reference light-like momentum
Replacing the gluon polarization to its momentum, the amplitude must be zero




inner product

4 (ki ko) = \fhs_hay €F' — ks oy
= kL %—bm_ :i’ spinor product
Basic (kevt|Kalkay) = (Ray ks ) (ks |kay) /
units < - (kyykorka —Fyykaiky) — k5 ko hos) + K Koy ks )

VR

(g0 1¢(5:) Plao-) )= Pre(s:)-gss — (PL)dore(s:)— — Phe(s:) 1 2 + e(s,) L (PL) .
P=P— g 2 o+
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Diagrammatically or schematically

Decompose
the diagram

Find out all the independent fermion lines “bases”

/'

Simplify the fermion lines “bases”

Expande all the Feynman amplitude over these bases and
find out the corresponding coefficients

Numerical
calculation

. Great improvement !

L L L L L
for massless lines X}

&

Divide the whole amplitude into several gauge in

groups, and simplify each group with proper ga

/

Problem/complexity: 1: hov(to choose gauge in each group; 2: stability
of numerical calculation; 3: no help for the massive fermion lines.

(ke g M V(g )

o) = {qu; Sl + ok e ) ‘. Our method '
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g+g—c+b+b+e

substruction
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. .| | PORTP-PR-P) FPE-PR-) PP

1 4
D (o

Corrected Feynman rule needed for decomposing:

man-made
singularity

Temporary

0LasT*(P, 5, K) = ofusT**(P,5, K) SIRGABISR) «
—igVaha'(P, Q. Ky, ka) = —igVapky' (P, Q, Ko, k) HiaGics (PO K )

}tra terms

Used for
demonstration of

gauge invariance

whers T**4(P, S, K) and V¥*(P, Q, K, ky) are the primary Feynman rulss
Te¥(P,S,K) = (P —8)'g™ + (S —Ky'd™ + (K — Pyg™

and G*¥(P, 8, K} and G¥*¥(P,Q, K, , k;)} are the modified part

GMB(P 0. Ky ka) = —fe fote e b A AL

VIS (P,QKy ks) = fasefode(@ 0" — 090"} + facefase (050 — 0% 0"%) + fade Froe(0™d”® — 0™ 0*%),

G*4(P. 5. K) = (£}{P*P"P}/(P-K)+ 5#5*5% /(S - K))

5)545354

@1 )5 Ky Jeefoeny

Sy - K1}(S3 - Ka)’
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Replacing the
polarization vector by

the gluon momentum C E
PENDIX A: GATUGE INVARTANCE OF THE &b

Totally thera are four gauge mariant subset cr, bb, ch, be, we list here the demomstration of the gauge mvariance
of the cb and the ce subseta ,while the gauge imvariance of the other two subsete can be easily demomstrated by the
ghuon eymmetry.

The involwed matrix elements are M g, Mo, Mg, Mags, Mo, Moo, Mo . M oge, M 5. To demonstrate the gauge
invariance we set f3* = iy and ¢3° = b3, then we obtain for the primary matrix elements:

Maur = {—Chij) s ati P Yells - :—'1 (A1)
1 1 1 1
ob? — i ) U Yo xln " — =0
Mas = (Ooii)icrathrrrati - F ) —m) | ) | (w5
Mtﬁl = {Gﬁlj' - Gﬁj}i&'ruﬁﬂuuu " él [.ﬂ‘i]
(Me)os = (o5~ Ou) (~teraborate: o+ tubaobne L), (a3)
\
(Men)os = (~Cug) (Wratrvae: 3.~ Tubaiobive: s (a9)
(Mas)as = (Ons — Cug) (~wrabprava o + ateive ). (a7)
(Moo = (~Ca) (Wratrvate: 3. ~ iubasiobive: 2. (A9
(Mm]d = {Gl-q- - Gﬁj - GEij] (_ﬁi'ru'.lﬁﬂﬂ"n' :_’ +ﬁlll!bphuu " 3!(’:-__:'3 (;uﬂi !‘.]) L] (M]

where i, § are the quark's color indexes and (M, 2)4 & the part of M, 4 that attributes to the cb subset, and so on.
While for the matrix elements containing the modified part, by carefolly fixed the sign of the modified part of
3-gluon vertex, we obiain
1

(M )e+ (Mos)e = (Crij — Cagj — CsijfisfaVpfavs - s2(m —53)"
(Mads+ (Miadas = (Cusj — Cai; — Cusishwibrhave - .
(M a)as = (Crij — Caij — Chijtsfatipfavs - J2 = % % {A12)

s2(se — 52) (5. — 52)
When add all these terms together, wa get the desired resmlt that all of them ara cancelled out exmetly.

(A10)

(A11)
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Replacing the

polarization vector by
the gluon momentum @GE mm@

For the cc subeot, the mvolved matrix aloments are M, Mo ooy Moms, Mo « Moeg, Moy Meos , Mo, Moos
M3, M_.s. To demonstrate the gauge inwariance we also sat £* = F; and ¢3? = },, then we obtain for the primary

matrix elements:
Moz + Mo+ M = (Cusy-+ Ca)utetr v ®1)
Mas = (~Ca)nvenve, ®2)

Mus = (~Cai)rtenive, (83)

M + Mo+ Mo — (Csis + Caij — mﬁj}ﬁ.w,,w.ﬁ, B9
(Moar)ee = (Cuij — Caij) ,b[!_ M{Mhﬂphuﬁ{n CATNTLTSTUS {Bs)

Moot }ee = (Caij — Caij) —[ 3 {Gakavpfy v, + (82 — 5p} s T Tave), (B6)

(Mashoo = Cog) s bbb + (11 — m)ivrsbome), )

Mea)e = (Csiy) (Gubatbobive + (53 — 5)i e Teve), (88)

580 — 51}

(Mor)eo = (O — Oy~ Gog) 52— (irbbind) + 7" scvabrns) ) (B9

sx{m — sp){s, —

(Mowdee = (s~ O = o) (7 '1:};; S okt + n]u.wﬂm}am]
(Mos)or = (Cuss + O — G~ Osia){ o~y Oubasiohin — Backrobine) +
£y — /
25{8. — - ]“ﬂ#ﬂ'ﬂ']) (B11)

1 1

1

oo —mn)  m-m)m-mn) @&

e
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Replacing the

polarization vector by (Mool = 515 1_3-} ((2Ca5; — 3Cus + Cais — Caig — CosgYisbatboute + (3Ci; — 205 + Cas
the gluon momentum ° o
—Ci; — Csis)sprvpRava + (Csij + Cuis — Craj — Caij + msi,-}?mwm}. (B12)
Adding all these terms together and by peing the relation

By + 8, — 83 —8g— 8 =D,
wa obiain

Mo + oo + Mas + {Mag1)ae + o + (Mo} + [(Mog1)ae + - + {(Mona)oe =

(eass = Ons + Coss)isbrrbebave = ;}i:: =g (i ~ s Ossdebaviebie S = ;}?:: o

For the matrix elements imvolving the modifiaed part, we have
1

Mew + Mo = UumHﬁ-'mbﬂ:u., (B14)
(Mgl = —Cmﬁﬁrrrﬁﬂm, (B15)
(Mo + M g}ee = ﬁummhﬂphm, (B16)
(Mo + Mig)e = %mﬁ.hﬂphm, (B17)
Mzade = Com ™ 2 —siabi¥pkave, (B18)
Mo = Com S siabs¥pkave, (B19)
(Mo = ~Coms e stastiotan. — Coor ————iufbean (B20)

where the color factors

Com = GCaij — Caij — TUsayy
Copr = Crij — Csij — Csays
Coss = Cuij + Casi — Cais — Caij- (B21)

When adding all these modified terme together we obtain

Mo+ Mo+ (Moo + - + (M oa)oe + Mo e + o+ (Mo boa =
28, — = 250 — B

(£asj — Cas + Gﬁj]ﬁ.,h‘ﬁphu,u{h =) + (o3i; — Oy + Giij]ﬁih‘ﬁphﬂaxﬁ{', v P n}{Bﬂ]

Adding Eq.(B13} and Eq.(B22) togethar, we get tha dosired result.
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polarization vector

Contributions
from the extra
terms can not
equal to zero
for the massive
case !

(ot +2o) k2 (@t +@0—) - b (s — 51)

Y (w) ] -

(80 — =1) — s){s1 — 55}

(s — 51)

[ﬁ_hwm ([m +0-) 62 (G +a-) e:,) . (2[m+ ) -

(Get +a) ke (@4 + @)k

T (—2(‘“"+ +e) G ) ] Coor

(5e — =) (5. —s1)(ss — =1)

(ot +2o) k2 (@t +@0—) - b (s — 51)

o paue (2[!1.:+ +%—]'E§)} Coo

(5e— =) Go—sdm—sa |

PSR NP (=TS TSI NP (TS

)

Gisfrpfava (':“"* +e) eg (dy+ ) Eﬁ) — ol rlu. (M)

_ (Ge+ +2o-) €12 (@ +a-)- 92} _ vy {2024 +05-) - 52
_‘“""“"”*‘""(tm Ta) b (@ +ﬁ_}-n,) ‘“‘"‘""%“’( G

Iy (M)] Con

(8. — sa) " (Se — su){s2 — s8)

_ (Gor +8) 62 (B +@®_) -2\ _ o [ 2Agy + 1) 62
R (o e o) TR G e

— i rp e (_“(*H +0.) Ei‘n)] Coaz

(5o — sa} " (S — 52)}(s5 — 52)

_ (Ge+ +2o-) -€1d (@ +a-)- 2} _ v, {2024 +05-) - 52
[“"’"“"”*‘“"(tm Ta) b (@ +ﬁ_}-n,) ‘“‘"""*“ﬁ*“’( G

_m.’bpﬁluﬂ (E(M +g.-) Ei:) :| Clanz

(5. — 52) (56— Sz — 50

)
)
)

BACK

All the quark mass ) | Gl =T =0, ME,, =0 gq — qﬁqﬁ

tends to zero
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welr) = ﬁl—gtf+m1|gh> flig) = {"‘; k¥ ae] + i ks

s (r) vﬂg_f,-—__@(fe--m)'_];_g-_a> by = (hhdoe )/ V2ot

I

the massive fermions have time-like momenta g; (¢ = 1,2} and ¢; are directly connected to
|goa;) or (goa,| as in Eq.(28), we may introduce the light-like momenta| by defining

‘Iiz o
2g; - o
Then ¢; for massive fermions can be replaced by the massless ones, gf;, without any conse-
quences. This is due to the relations golgo,) =0 or (Goa,|do = 0.

g = q; — ¢ = |+ | + =) g — |

Fermion Iine<

Basic QED-

Step by step, change all the space-like momentua into light-like.

Unified gauge: The arbitrary reference light-like momentum in the
massive spinor, the polarization vector and in all the intermediate
space-like momentum transformation can be taken to be the same.
In this way the amplitude can be fully simplified.

like diagram

Condensed results that are expressed by the spinor inner product

and spinor products.

16



Key point: using the
symmetries of the Feynman

diagrams

. |

Unite the same
type terms as ——

\

much as possible

Construct all the Feynman with all the independent
QED-like Feynman diagrams, with the help of the
quark-antiquark and gluon-gluon symmetries.

1 1

Complete the program based on the Feynman
diagrams.

: ]

_—» Most Effective Generator !
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3) More detalils of our approach

Helicity Amplitude Approach

A. basic idea, decomposition of the Feynman diagrams

How to Decompose 36 Feynmans ?
Skeleton QED-like

B. five groups of diagrams, Sl o el

Feynman diagrams

according to its topologies
g POIO0g 3

Find eight quark lines

18



Gluon-gluon and quark-quark

Nine basic |
diagrams |

Not unique

Feynman diagrams that can be directly grouped into the cc subset.

ﬁ

(b3

::@ ! Cluaa! ;::I ] | ;:I T,r
o] Our-] ) W)

/%

Ot .T =

Gl Ky
(F

gRan diagrams that can be directly grouped into the bb subset.

Here i and j

19



N Quis] Quis]

= =P =P
) b} ) (a) ) )
by Quirl g, Sl e, Quiel g, Quia)
by a Ha Ky
L2 ) e | O | Qs |
L) (F3 (o) (h)

Feynman diagrams that can be directly grouped into the|ch or be E.uhaet% where

Cua]

Decompose
Quia My )

20




Ky T " = Qera] =8
Decompose M
[ K,
: : el o]
! ® N (<

(@) =

C. decompose the three gluon vertex

&0,k -
o o
LTS oy
= — =+ ...
(] LA

QCD-like QED-like
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.

Basic

21



Cut off the color factor and the scalar part of the propagator

Mgs o (ki — @ 4+ MYy — (ks — Q@ + M)ys + (@' — M)(ysyu — gps)

Fyivs — Gus)(@ + M) + Eagy, — ks

QCD-like QED-like

MLk @, Q) = BQ valh+ o — @+ M) (pa(k — 0+ My —
Va2 — @ +M)ys)u(@) + (O1 - XY+ -+
where
el =mi +my + 2k; - ky —2Q -k — 2Q - K,

X = (Q" )yl vsru — Gustr(Q)
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QCD-like =~ QED-like

Mgk @, @) = Q) (360’ — 2 + M)y, — Yl — i+ M)
(@ —F— o+ M)yar(Q) +(e2 - ¥) +. -
where
2= +md 4 2%k —2Q ki — 2Q ks
Y = (@) {157 — gustyar (@)

Note: Extra functions X and Y are from four-gluon-vertex decompasation

All the diagrams can be expressed by its inner structures

without introduce extra ones.
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A concrete = ok + X1 first step
example for T e R
decomposing & /

=g fo + X2
second step

Relations

obtained by _ = el* § + X3
decomposing o

}Tﬂi{i = fI*M + f2*}ﬂ'ﬁ'<< +X4

Where (¢;; di, e, f))=£1; X, can be express by the defined
basic function.
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D. Amplitude simplification —>-

(A). general form for the helicity amplitude

I"-‘Pilshr‘sr’il] (@51, o2, Get» Ge2, K1, dop) = E mx’iﬂlﬂﬁrﬁarﬁahr’imﬁl}[mh b2 Qe s Qea, For, k) -

Azha
DBy ) 9oz, 4ot ), (22)
Factorization i) &(0)v/7
‘DQ.B ’ (Qb 12:;11 -—:' —— : oo Scalar

‘9g — b+b+c+E) DB @aga) = f‘;}_{:&; FC I }(M—fiﬂf g@) Bound state
c+b— B, @r (2; ) (e (e Plaine)— VECTOT

I —riare I U {‘]: yllRedtae |+ i b ]

wl) = -V-t—jgi.—__ﬂ-(?‘%-"fﬂ}l:_g;ﬁ} g = (ehules)/ VRt




(B). helicity amplitude for the hard scattering process

_ m-- 9 function
Em,lak (m_l-g) B.{F‘Tyhﬁaﬁ‘iﬂgh}(th Q‘Eﬂ: Ge1y Gz s kl: k.‘i) = Bj{?j:}(les Gy Q‘nh G2y kl: kﬁ]

symme LI j I--4 type of symmetry
iﬁ 2 2 fimiBm gk

Enix (i=1,2,3,4) m=1j=1 K --64 helicity combination

=i Berivis =0 B=1100 4,08, 0, 12), (87,1, 40), (45,111, 48))
@@ = -r'::,;-;. (& =[5, - 8, (13, -, 163,38, .., 86) 5_[_41-1 TRV &)

BFi TABLE I: The correspondence between &= 1,---,64 and. Ju $,Ag = £, Ay =+, kg = :I:,'ia____z
:l:g Ag = =, which stand ﬁ:u‘ the hellﬂltles of the pﬂrt,lcles in the process.
- m lJu ':.J\aI*\ s e

lll Az A;:L\; lals |
i il e el el B

e
Il

+

+
+

I
g
+

Arrangement
for easy
programming

I
|
g
|
|
1
I
++
_|_
BB

I
|
+
[
|
[
|
|
|
B
B EREEEREE
|

[
I
|

+

I

I

I
IHENEEHBEEEEEEEEEEE)

| _

I

|
|

++"++-+-+‘++
=

|
+ [+
|
N
|
]
[+ [+ [+
.
.l_

+ 4]
|
+ [+ [+ [+
-~
_|_

+1+]
i

I
I
|+

|
|
|
=
|
|

_I_

I
[
i
|
I
B
[

|
[+
.|_
BEBEEE

R
T
.|_
|
NN
+ |+
.|_

I
1
++ [+ ]+
|
HEIRBER
|

|
|
I

+ [+
+

FTH [+ [FF | F [+ |+ F]H [T

i

1] |
FH [ [+ [F[F [T
T[]

I
FEF A [ ]

I

¥

+

1
T [F[F[F [ [T

i

+ [+ [+ [+
- .
|

[+ [+ T+ [+ ]
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(C). expansion coefficients

TABLE IL: The expansion coefficients f; m ; for the functions B (g1, gs2, ge1, g2, k1, k2) which are

E ) grouped into the cb subset directly or indirectly through a proper decomposition (the coefficients
m 1J J k fim j are not listed here if they are equal to zero in a whole row).
i=1
m iﬂ $14] 5 |eep  Ch subset
3 f:ln.,m.,j \9\ 0 0 ] .
ED-like ‘
Q Sy || ON1 [0 |0 0 Gluon.:hange
faami || O b\ 1%0 0 '
fﬂe;n,_'p 0 0 0
............ 5 bc subset
One three-gluon ey | fiuny | 0 |10 | 1| 20ga-k)
i fllg,mg ] 0 1 -1 E[Qﬁﬂ . kﬂ]
TWO three—gluon . ............ f%;m‘j 1 ..... . 1"1 1 ..... 3 &+3Em82.

Ve rteX P
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TABLE IIT: The expansion coefficients f; .4,  for the fanctions BE) (it » @43 » Gt Qe Ky s ) which are
grouped into the cc subset directly or indirectly througha proper decomposition (the coefficients

fimm, 3, which are equal to zera in a whole row, are not listed here).

QED-like My /s

one three-
gluon vertex

two three-
gluon vertex

[m— - subset

j=1 =2
mo | 6 |7 |8 9 5 6 | 7|8 9 5
Frams | 1] 0 [0 | o o [[o]o[o] o 0
fitmg| 0 |0 | 0 0 o [(1)|o|o 0 0
fiem || 0 @ o | o 0o ) i} 0 1} 0
Sums| 0 0 Jo | o | o Jlo[(i)]o | o [ 0
Fremg| 0 | 0 [(1)] o 0 o |0 |o 0 0
Jigmi| 0 [0 ] 0 | 0 o oo 1) o | o
figms| 1 | 0 | 0 & o (|-t ]e |0 | & 0
.......... Togmg) 0 10 L | & L2 N0 L0 [ B | 2|

frani| 4 | 1 | 0 |2k O o |0 |o 0 |2 ks
foms| 0 | 0 | 0 | 0 |dguk| 0 | -1 | 1 |[2gu ks|-2q. ke
Saeqnig || 0 0 0 0 | 29a-kif| -1 | 1 0 (2¢a-k 0
faamg| 0 | -4 | 1 |2gu-kif2¢a K| O | 0 | 0 0 |dga ke
Ssagng | 1 L0 2902 -k Mg k2| 0 | -1 1 | 2q4-ks| fi

- — — _

1 1

four-gluon
vertex
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(D). basic functions Eus,;x(gst;qe2; gers gesk13 k) | <@ Basic diagram

a) eight fermion lines (f,). (q,— light-like reference momentum)

Jolay @A de) =
filan @k A Az s) =
falgy, @2k, A, Az, As) =
f3(at g2,k M, A2, 08) =
falgr, g2, k1 ko, Ary do, Ag, ha) =

fslar @k ko Au day e Ae) = {aon| (s + m) (R, o) (s — fu +m)rs

fo(at, g2, k1 ko, Ay g, Az, A) = {gon, |(d1 + m)@s(ky, o) (d — Bu +m)f™ (ka, q0)

- {gon.| (g +m)ysf® (kr, a0) £ (k2 90) (d2 — m) g0,

frlar, g2, ko, ko, Aty Ao, Az Ay)

{gox, (¢ + m)ys(d — m)[03,)

{gor. (g + m) sk — o + ) (K, ) (g2 — ) gos.)
(qon, (1 + )82 (K, @) — B+ m)s(d2 — ) g0,)
g (e + )k, ) — m) o)

qon, |(dr +m)ys (ks + o — do +m)¢* (k1 )

(K2 — do -+ m)¢™ (ka, q0) - (d2 — m)|qox,)

{
{

(B2 — do + m)#* (ka,q0) - (d2 — m)|gors)

(¢ — K1 — Fa +m)v - (g2 — m)|go,)
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b) definition of the nine basic functions

Eiix = filga:qes ki, A3, g, As) - falqer, @2, Fos M Des )
Eyrk = falgers @es K1y Mgy Aas As) + falor, @2, K2y Ais Doy )
[+2 Esik = filges geas bis Mg, Ags As) - fi{aor, @o2s B2, A 2o, D6
By = falger; ges K1y Mgy Mgy As) - Ji{Gors @o2, Kas Avs Do, )

Eﬁ,l',k = f[l {lei b2, )‘1:'}‘2) * _f‘l (."i'clz Qﬂ:'klz k;!:!')k&; A{:'Aﬁ: )G 2
E’T,l',k = f[l {le 1 b2, )‘1:'}‘2) * fﬁ.(ﬁ'cl:- Qcﬂ:'klz k}!:')ﬁa )‘4:')\5: )'G 3
E_B',l',k = fﬂ {Qbh' b2, )‘1:')'.‘2) ) fﬁ (."i'cl:- Qcﬂ:'klz kh:')ﬂa A.L,-Aﬁ, /‘\G ]

)
)
)
)
Esax = falawt, Goos Fay M, Aoy s )+ fal@er; Qo Fors Aas My 26) s
)
)
)
)

Eﬂgl',k = fﬂ {Qbh' b2, )‘1:')’.‘2} ' ff{ﬁ'cl:- qn::ﬂrklz hﬁ!:'&a &:'Aﬁ: /‘\G -

c) relations between these basic functions

Eiap = Eiop, Boap = Ezpk, Ezar = Eazy,
000 0000O0COCOGS J— N N
. : Eiapy = Eipp, Esar==Esok, E1 43 =FE41k,
- symmetries D>
[ ]
eccccccccece Foar = FEoik, Eaar =FEai1,k, Ei,arx = FE11,k,

Esik, Eog = Eoip +Eozp — Eoz k-
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Two independent functions

Eeix| = Erix + 22 koFo 1k — Ezap + Eiok,
Feok| = Frokx + 20 - kiFoox — Ez1 6 + F1 1k,

« decompose & Eoax| = Erak + 2 - kaFosr — Esap + B ak s

Fear| = Erar + 20 kiEgar — Esap + Eiak:

Erik|= —Eirp + Eapp + Esake — 2901 - ki (2E514 — 2E508 + Eg1.1)
Erop|= —Eipp +Eapp + Esor — 2 - ko (2E526 — 2E51 % + Eg21)
Erak|= —Eiax +Eyar + Egar — 2q51 - ki (2E5 34 — 2E54% + B a)
Erap|= —FEiap +Eoap +Egap — 2q51 - b (2E540 — 2E5 3% + Eoax)
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(E). Color rearrangement

A6
Mgi AaAs Aﬁ}{@‘bl,@bﬂ:ﬁ'cls ges, ki, ky) = EM,;{;H:«M)& ﬁﬁ}[th Qb2 Get, Gz, K K2)

i=1
5
= E Cnﬁji'ff',,?l’h’h"h}('?bh o2y Get, Yoz, K1, ka)
m=1 '
where
M, = AZ;; Mﬁih:h,hhalﬁ}{gﬁh b2, 91, 92, K1, kz}Dnga’lﬂ} (g2, Ge1)

My can be obtained by adding the scalar part of the propagator
to the above obtained one.

My, = %(z(}f;.,ﬂ + Xie+ Xeo)Er1g — 2X0o By 4 g — 2X 4 By g + 2X 0 By g s
—Xsa(2E51p —4E5 25 + Eg 1 + Egax) + 2{ —( X1y + X5.) Es 14

H( XN+ Xy + X)) Egap + N (Egap — Egap) — Xopligapn +

(Naj + Non)Esap + 2Xue Es g jger - ko + AN 4 Es 1pgen - by — (X +
Xo)(Eoax — Eozp)fs + Xec(4Es5 15 — 4E5 25 + By a1k —

Egop)fas+ Xop(—4Es 34 +4E5 44 — Eg s + Eg a4 ) fe —

Bt 2.1 + B — By — B aplse — 51+ "ff'}}) "
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Mz — 21(2(Xse + Xaa + Xoa) Frzx — 2XagBasn — 2XaaFa2k +
2N + XN+ Neo) Feyp — (Mg + Neo ) Fase + Neo(Faoe —
Egip) +(XNae + Aol Egapr — Nopfs ) — Neql 2By 5 +
Eg1u+ Egop) +2X,3,(Eyar + 2853560 - Fy) +
AXjaFes pGes - Ba + (Xig + Xeo ) Eo 16 — Eoar)ifz +
NealdFs a0 — Fo e + Fozspe)fa+ 48516 - (Neag — Neofa) +
XKop(dFganx — AEBsan + Foax — Foax)fe — 2Xea(Ea o
+Faap — Fyspe — Feapl—sez + 55 + 3.:':':'::' .

i
Mgy = ?1[: — 2( X4 + Xep ) F1 16 + 2X4eFa a0 + 2(XNae + Nac ) F3 16 +

2Xag By 160+ 20X B p — NewBgop + XogFigap +
MNogl—FEgan + Egap) + XaFvop + XNogfos g0 —

(X + N ) B e + (XNop +Xp + N ) Faow) + Neal2E: 1,6 —
AdFsax+ Fogx + Fosn) — 22X Fyan + 28 4 pqge - B2

— ANy Fs 1 kG2 - B+ Nee(Eogpe — Eoze)fa — (XNin + Xee) -
(AFsq1x —AFsasr + Foyp — Fosp)fa1— Nog(Foax —

Eagr)fe +20(XNap + N ) Ezp + N Bz e — Eaan —

Es16(—s1 + s+ Sc:l”:l :
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% — 2(X4ga + Xea)Er12x + 2(Xag + Xaa)Eaor +2XanFEyor —
2XeeEs1n + 20 XseEgar + (Xog + Xog) Esar — XogEean +
KieFra e + NoeFEran + (Xpe + Xin + Xeo ) Es 1k

—(Nip + N ) Feap) + Neg(2Fe s 0 + Fox

+Foor) + 22X Foaer — Eyare — 2E53 pqe - £1)

—AX o Bz kGez - k2 — Xeol Eoy pFonr)fa —

(N + N dEs oy — Fo o+ Egap)fy +4Fg g ol —Ngg +

(Xap + Xee) 1) + Xogl Foar — Foaplfe + 20(Xap + Nea ) Eoan

+Xea(Faop — Faa e — Eeap(—s2 + sp + Sr::lﬂ::l .

51[: — (AepFy ) X gg + NepdEo g p — (Nag + Nya) By 10 —

KanByone — Noa(Pear + Eean) — XieFsa e — XipEsan
— Xeal(Esa1x + Esopr — Foanx — Foar) + Xap(—F13x +
Faar — 2ZEsapgez - K1) + Xap(—Er4906 + Ezax —
ZEeangez - Ra2) — 2XgaFe 1 pGer -0 + Nl Foo e — Eyzp —
2Fs 2 pger - Fa) — Nep(—Fz 10 + B +

Egypl—s8y +8s+8.)) — Xpga(Eyop — Erap — Ezap +

Fyzn + Eespl(—8z + 85+ 8.00),
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4 4
(MO (g1 000,010, 0e5,krs )P = o [8ME— MY 4 |8ML — M~
1 L 3
2T|[8M‘ My) - (8M; — My)| + 5| My[?
3 (80 + 834§ — b} — MY

Square of the amplitude:

IM|* = Z Z Z Z A XeAdndel( qm,qa:,qu,qnz,kl,kz)l

=+ A=+ 3ds=1 As=

(F). phase space integration

cross section for the subprocess

di = 2111>< 3 Ej{?‘l*l“{ |: x da(ky + k2 P, a2, | RAMBOS
two to three body phase space VEGAS

d*P Bdp;  dPGe
(27132Ep (27)22E,  (27)32E,

dd I:'I"l +'I"'2 1"-Ib11q|:‘?:|_54('&1_"'{*‘?‘_13_"-1&!1_'?:2}
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BCVEGPY - program

BEGIN
Whole v
BASIC INPUT: NEV,NUMBER,ITMX,VEGASOPEN |
flowchart
IT=0; IT=IT+1
L]
NUM=0; NUM=NUM+1
Yoy CALL PHPOINT()
Read existed GRADE CALL AMP2UP()
EVNTINIT, PYINIT, UPINIT
1=0; I=1+1 <+——F New GRADE
USING PYTHIA y
SUBROUTINES TO CALL PHPOINT()
GENERATE THE |w PYEVNT
FULL EVENTS y CALL AMP2UP()

CALL PHPOINT()

CALL AMP2UP()

v

PYFILL()

N

PYDUMP()

END

NZERO=0

v

GENERAND(X)

v

A

IMPROVE THE
MONTE CARLO
EFFICIENCY

GET THE EFFECTIVE
PHASE SPACE POINTS
AND THE RELATED
WEIGHT

PHPOINT(X,WT)

NZERO=NZERO+1

WT=0.0D0;NZERO<1

A

TOTFUN(X,WT)

CALL AMP2UP()

«— |
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{ Color flow for different processes

Color-flow decomposition derived by taking

the large N, limit

PHYSICAL FEVIEW D 67, 014026 (2003)

PYTHIA Color-flow decompeosition of QCD amplitudes Color flow
LUND Model

F Maltoni,” ¥ Paul! T. Stelzer! and 5. Willenbrock'~

s
amo = g g ’51 i Tlp — Prdeatlm (B~ B2l Gopss + (23 = P1)aflensa ]
” x e

ta
Feynman rules "' ]

for color-flow ! :
= 5; L[z s Opany — aps — Fpipd J:mle] i, - L
In llarg_e Nc P A r PR L
imie s e

fi :). _________________ _(I I g gie

Ji Iz 7\_ g1 Vs

ﬁ%




Partial amplitude (or color-ordered amplitude)-----whose square is just the probability for a
particular color-flow. It is the same for 3-different decomposition schemes (fundamental-,
adjoint-representation, color-flow decomposition )—demonstrated in PRD67,014026(2003)

Color-singlet:

M = (T°T") My + (T"T™) My + (8, Tr[T°T") ) Ms,

Color-octet:

M

(T*TT) My + (ToT* T My + (T, Tr[TT7) )M + (T3 Tr[T°T)) My
(6 Tr[T*TT)) Mg + (8, Tr[T T T ) Mg + (T T o My + (T7T=T"), M3

+ +
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Gg — (cb)y +b+¢

For the color-singlet production processes, there are totally
three independent color-flows

c1 = (8,560 8"), ea = (&, 61368), oz = (H 603,

- o1 — (T*T )y, on — (T*T%)yy, 5 — (8yTr{T"T*)).

L L fy

S

& L A4 [
L I 1e

L=1] Ca

FI:. 1: Caolor flow diagrama for the color-singlet case based on the color-fHow decompesition[11].
Each pair of indices ), and 4 corresponds to an external gluon, 1.e. k=1 1= for gluon-1 and & = 2

for gluon-2. ¢ and j are the decomposed color indices for the cutgoing & and b respectively.
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gg — (cb)g +b+ ¢

For the color-octet production processes, there are
totally ten independent color-flows

tg.'hé,; uﬂhrj} "-'!-'}LJ'; 15‘151'5‘1 rj‘htﬁfluﬂhﬁ}
c4 = | r.'iht'!'-“*&fd i, o = -5‘1-5‘1’-5;1:6;? 636;1 -5‘1’-5‘1’
= (P08, os = (PalalE), oo = (AR, e = (P,

O
& — Hﬁriﬁju Cp —+ EFT&FJU: Cg — {TET""[FF”

ey — (TETP[TTY), o5 — (8, Tr[T°T°T)), g — (&, Tr[T°TT)),
oy — (TUT*T®)y, 05 — (TUT*T%)y, oy — (T°TT%),, 10— (T°TT®),,
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| — =5 I A 4 fa
o ]
Wy | ‘ , | . I by -_____<.

I 1 - I A e

= ca Ga

I b Ik N Ly

xchange the | —— — | — Lq/
color indices L r rﬂ
|—— p—F by " !

a
h + " + :

FIG. 2: Color flow diagrams for the color-octet case based on the color-fow decompesition|11].
Each pair of indices ¢y, and j, corresponds to an external gluon, 1.6, k=1 15 for gluon-1, & = 2 for
glucn-2 and & = 3 for the color-octet (ef:-]-quarb’.-:-nium. i and 7 are the decomposed color indices for

the cutgoing ¢ and b respectively. The diagrams for enyqq (m=1,2, -5} can be directly obtained
by gluon exchangs.

The cross-terms are suppressed by powers of N, and can be
safely neglected in the large N, limit.---at least 1/N?,
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PYTHIAS8.0 solve the problem of color flow

501

& fm:ﬁf:cmT-" e

i)

|
& TO0C0000 -

Typical color flow for g+g->Xicc (3s1]

[0,503] — [502,503] — [501,502] — [501,0] — colorless bound state ZL/QF

c

[0, 504] — [504, 0] — colorless bound state Zf 1+ /QF

C

0] Ot

— colorless bound state =
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PYTHIAS8.0 solve the problem of color flow

FIG. 1: (Color on line) Typical color low for gluon-gluon fusion mechanism (Lett ), gluon-charm col-

lision mechanism (Middle) and charm-charm collision mechgpi Right), where the thick dashed

line shows the corresponding intermediate diquark staff hree colorful lines are for

color flow lines according to PYTHIA naming rules.

Typical color flow for g+g->Xicc (3s1]

[0,503] — [502,503] — [501,502] — [501,0] — colorless bound state ZL/QF

[0, 504] — [504, 0] — colorless bound state Zf 1+ /QF

'0]

— colorless bound state =Lt /O

c
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— BCVEGPY

=«=-=+ Protving package

CHIN.PHYS LETT. Vol 21, No. 12 (2004) 2380

A CrOSS—CheC k Prospects of B, Mesons at the Compact Muon Solenoid *

Table 4

Comparison of total cross sections for gg — B.(B¥)+ b+ ¢ with
parameters are mp = 4.9 GeV, m = 1.5 GeV, Mﬂj =mp+me. g
parenthesis shows the Monte Carlo uncertamty in the last digit. The

N 20 GeV 30 G

OB, 0.6579(5) x 1072 0.9465(8) x 102 0.7872(8) x 102
op, [7] 0.661(7) x 10~2 0.949(8) = 102 0.782(9) » 1072
aps 0.1606(1) = 10~1 0.2460(3) x 10~1 0.2033(2) x 1071
ops [7] 0.160(2) x 107} 0.244(3) x 1071 0.203(3) x 107!

Table 5

Comparison of total cross sections for gg — B + b+ ¢ with the corresponding results of Ref. [8]. The input parameters
are mp = 3mc. Mg, = 6.30 GeV, fp. = 0480 GeV, ay = 0.2. The number 1in parenthesis shows the Monte Carlo
uncertamnty m the last digit. The cross sections are expressed m nb

NG 20 GeV 30 GeV 60 GeV 80 GeV
o, 0.6853(5) x 1072 0.9731(8) x 1072 0.7997(9) x 104 0.6244(9) x 102
op, [8] 0.686(2) x 10~ 0.971(4) > 102 0.793(5) = 102 0.623(5) »x 1072

‘

Computer Physics Communications 159 (2004) 192-224
.. 0092 -—_
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' Improve the efficiency for unweighted events by
using BCVEGPY and GENXICC

Weighted events : (IDWTUP=3) — time-saving — no waste events
All partonic events are accepted by PYTHIA with unit weight (100% pass): two ways
A) The phase-space are uniformly generated.
B) VEGAS is adopted to generate sampling importance function to improve its accuracy.
The phase-space are generated according to the relative importance of this point.
Then, one can use the weight of each points to restore total CS or distributions.

Unweighted events : (IDWTUP=1) — time-consuming — less waste events more better
A) Using PYTHIA inner hit-and-miss technology (von Neumann algorithm):
XWGTUP/XMAXUP = PYR(0) accept
XWGTUP/XMAXUP < PYR(0) reject
B) Using improved hit-and-miss technology:
MINT, divided into mesh grade, XMAXUP to be a group, pass the criteria much
more effectively
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Summary and Prospects

»Due to its high efficiency, BCVEGPY and GENXICC, are very
useful for MC simulation and also for theoretical studies.

»Now it has been adopted by ATLAS, CMS, LHCb, CDF and DO
groups respectively.

» The coming LHC experiment shall provide a better platform to
check all the theoretical predications and to learn the Bc, Xicc, Xibc,
Xibb properties in more detail.

» The programmed super Z factory, GIGAZ, LEP3, and etc. shall
provide other platforms for doubly heavy meson and baryon

productions, which are in progress. Especially, a generator BEEC
shall be available soon.

46



Backup slides for BCVEGPY and
GENXICC applications
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Uncertainties

some results for the S-wave Bc production
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Cross-
section

TABLE III: Total cross-section for the hadronic production of B.[115;] and B*[135,] at TEVA-

TRON and at LHC with the leading order {LLO) running o, and the characteristic energy scale

Q* = &/4 or Q* = pf- + mp_. The cross section is in unit of nb.

CTEQSL|CTEQGL|GEVISL| MRST2001L || CTEQSL| CTEQGL | GRVIY9SL | MRST 20011
- Q* =/ Q* =} +m},
- TEVATRON
7B, (1180) 3.12 3.79 3.27 3.40 4.39 5.50 4.54 4.88
& B+ (135y) 7.39 9.07 T.88 B.16 10.7 13.4 11.1 119
- LHC
T B, (1180) 49.8 53.1 53.9 47.5 65.3 Tl.1 70.0 61.4
O B+ (135y) 121. 130. 131. 116. 164. 177. 172, 153.

TABLE VI: The integrated hadronic cross section for ’t['E?ATRDN La.t different C.M. energies. The

gluon distribution is chosen from CTEQSL and the characteristic energy scale of the production

is chosen as Type A, i.e. @* = §/4. In addition, a cut for transverse momentum pr (pr < 5 GeV)

and a cut for rapidity y (|y| > 1.5) have been imposed.

C.M. energy|| 1.8(TeV) | 1.9(TeV) | 1.96(TeV) | 2.0(TeV)
B.[1Sy] 0.40 0.44 0.46 0.47
B*[2S] 1.00 1.09 1.14 1.18

20%
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P, cut

dafdy (nib)
11311832

&
4
&l
&

ek

FIG. 6: B, differential distributions versus its y with various pre in TEVATRON (left diagram)
and in LHC (right diagram}. Solid line corresponds to the full production without pre.; dashed
line to prae = 5.0 GeV; dash-dot line to proe = 20.0 GeV; the dashed line to py., = 35.0 GeV;
the big dotted line to P, = 50.0 GeV and the solid line with diamonds to pro = 100 CeV.

scalar B, meson in TEVATRON and LHC.

TABLE V: Values of the ratio Ry, (see definition in text) for the hadronic production of pseudo-

PTout 0.0 GeV 5 GeV 20 GeV 35 GeV 50 GeV
Yout 10|15|20)10|15|20)|10|1.5|2.0|10|1.5|2.0|1.0|15|20
Ry, .. (TEVATRON) | 0.45|0.64(0.79|0.46|0.65 |0.80|0.57|0.77|0.91((0.65|0.85|0.95(/0.70(0.90(0.98
Ry, (LHC) 0.31|0.46|0.59(10.32|0.47|0.60)(0.38|0.54|0.69|/0.42|0.60|0.74|(0.45)0.64 | 0.79
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Results for the P-wave Bc states

Good check

between each

other 11!

100GeV

o’
o
B
e

+
T
ot

3P2

------
.
L

‘piilqul".q|ulil"‘t
L]

subprocess

"pt[r-“ﬂu}" b -a ] ] ; 1
C.M. energy (GeV) || 20GeV | 40GeV | 60GeV | B0GeV | 100GeV | 200GeV| ||A. V. Berezhnoy,
:r[lFl] (ph) 0.184 0.743 0.657 | 0.538 0.439 0.195 I
EI'I:R.H}} (ph) 0.367 0.207 | 0.175 0.141 0.114 0.0496 totally
numerically
:r(EPI] (pb) 0.346 0.598 0.503 0.402 0.324 0.139
r:r(EPg] (pb) 0.721 1.49 1.31 1.06 0.862 0.374
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total hadronic production

.........
---------------

LHC

...........
RERERTErHIUL ) 8 ST T

R,
l R

J - ll;l*l‘."l.‘iepilh‘r"itr I*.h
" by
L] *a

da/dp,(nb/GeV)

TEVATRON
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Cross-
section

- LHC (v'§ = 14. TeV) TEVATRON (+/§ = 1.96 TeV)
Q? A B C D A B C D
o(1P,)(nb)| 4.738 | 9.123 | 9.825 | 8.379 || 0.2555 | 0.6545 | 0.7547 | 0.5507
a(3Fy)(nb)|| 1.910 | 3.288 | 3.523 | 3.036 || 0.1161 | 0.2563 | 0.2966 | 0.2149
o(3P;)(nb)| 4.117 | 7.382 | 7.304 | 6.682 || 0.2289 | 0.5597 | 0.6490 | 0.4780
o(3Ps)(nb)|| 10.18 | 20.40 | 21.71 | 18.26 || 0.5096 | 1.350 | 1.515 | 1.102

nd

a g o,

do/dp, (nb/GeV)

i

1

A V. Berezhnoy,
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LHC

TEVATRON

doidp (nbiGeV)
. B - =

defdp (nb/GeV)

- - - -

m ; -

L i C ]
i -l - -
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For experimental usage

y cut

&

)

da'd

pt{;h"ﬁ'ﬂ'

P, cut
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Results for the color-octet Bc states

TABLE I: Total cross-section (in unit of nh) for the hadronic production of the (cb) meson at
LHC (14.0 TeV) and TEVATRON (1.96 TeV), where for short the |(1Sg);) denotes (cb) state in
color-singlet (1Sq) configuration, and so forth. Here my = 4.90 GeV, m. = 1.50 GeV and M = 6.40
GeV. For the color-octet matrix elements, we tak@ £ (0.10, @

- [(*So)u) [I*Sa)a) || I(*So)sg) (CSsg) ([P || CR)a) || PO P2
LHC 71.1 177 || 10.357,3.21) | (158, 14.2) | 9.12 3.29 T.38 204
TEVATRON|| 5.50 13.4 ||(0.0284, 0.256)|(0.120, 1.16)| 0.655 | 0.256 | 0.560 | 1.35
1 |
B (CSo) ) [CS D) |[ [(MSh)sa) [(*S1)sg) (P (|G P CP) ) | F) 1)
LHC 1.00 248 ||(0.005, 0.045) |(0.022, 0.199) || 0.128 | 0.046 | 0.103 | 0.287
TEVATRON| 1.00 244 ||(0.005, 0.046)|(0.023, 0.211) || 0.119 | 0.046 | 0.102 | 0.245

60%
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Y)

F t(nbi’Ge

=)
L

do/d p

do/d y(nb)

3p,_____-__1

pmm =P

[0}

=)
T

=)
A
T

do/d y(nb)

TEVATRON

-3 -2
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Results for Xicc, Xibc and Xibb Production

TABLE II. Cross sections (o) for the hadronic production of
.. at colliders TEVATRON and LHC, where the (cc)-diquark is
in (cc)3[*8,] or (cclg'Sy]. and the symbol g + ¢ means g +
¢ — =, + ¢ and etc. In the calculations, cuts p, = 4 GeV and
|v] = 1.5 are taken at LHC, while at TEVATRON cuts p, =
4 GeV, |y| = 0.6 instead.

- TEVATRON (+/§ = 1.96 TeV) |LHC (/5§ = 14.0 TeV)
- LEEJJPS[] Lffjﬁ[lsu] [ff}j[ﬂsl] {ff}ﬁ[lsu]

10°
10't
2 1L
©
107}
2 . .
105 50 500
E (GeV)
cm

FIG. 5 (color online).  The energy dependence of the integrated
partonic cross-section for the production of the baryons via the
heavy digquarks in terms of the gluon-gluen fusion mechanism.
The dotted line, solid line, dashed line and dash-dot line stand for
those via the diquarks (cc)3[*S,] (be)3[*S,]. (be)['Sy] and
(bb);[*S,] respectively. The curves for = and 2, both are
divided by 2.

T gty (nb) 1.61 0.392 22.3 5.44
O oy g(nb) 2.29 0.360 22.1 3.42
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FIG. 9 (color online). The p,-distribution for the hadroproduction of 2, 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 + ¢ — =, + &, the dashed line and the dash-dot line are for ¢ + ¢ — 2, + ‘g’, where the upper

lines of each mechanism are for (cc)s[*S,] and the lower lines are for (cc)g['S,]. respectively.
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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— 2, + ¢, the triangle line and the
diamond line are for ¢ + ¢ — =, + ‘g', where the upper lines
of each mechanism are for (cc); [ §;]and the lower lines are for
(cc)g[' Sy ], respectively.
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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 (ce)g[' §;] are summed up. The
upper band is for the mechanism g + ¢ — .. 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 u =
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 =,..

Tiotal
R = \

Fgg—s Beciicen P51y

SELEX
- P =02 GeV p, =4 GeV. |yl =06 p, =4 GeV, |yl = 1.5

TEVATRON LHC

R

D
———

34 2.8
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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
Ain = 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 Table 3. The R values for SELEX with the cut p, = 0.2 GeV.

total cross section (in pb) for the E.. hadronic preduction at SELEX with the cut p; = 0.2 GeV.

CTEQoHQ (A =00 A =0.1%  Ap =03% /
R 293 6.6 51.3

CTEQeHQ(A;, =) Ap=1%

Ogg Cec Oge  Ogg ee rge

(ceiPS1] 403 L02x 107 1020 406  1.25x 107 372
(coye['So] 073 415x 1077 113 0758 501x107% 409

-

Table 2. The contributiogggtes of the sub-process ge — Z.. in the different x region in the charm
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Figure 5. The p,-distributions for the hadroproduction of 2., at LHC. The left figure is for CMS

oy
pseudo-rapidity ¢ 2 adopted. The solid line, the dash-dotted line and the 5 10 E B =5
circle line corresp g + ¢ and ¢ + ¢ mechanisms without the intrinsic charm P, (GeV)
being considered (the PDFs T CTEQ6HQ [8] are used), respectively. The dotted line, the dashed ) o . ) ) N
line and the diamond line correspond to that of the g + g, g + ¢ and ¢ + ¢ mechanisms with the Figure 6. The p,-disiributions for the hadroproduction of 8., at TEVATRON with the rapidity
L A S . " o o ) . cut |y| < 0.6 being adopted. The meaning for the lines in the figure is the same as figure 5. The
intrinsic charm being considered (the PDFs of equation (6) with A, = 1% are used), respectively. differences between the two cases with and without intrinsic charm are too small to be seen.

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, TEVATRON can not
see the difference between
the cases of with or with
Intrinsic charm

p, (GeV)

Figure 8. The p,-distributions for the hadroproduction of Z... The dotted line, the dash-dotted
line, the circle line and the diamond line are those corresponding to LHCb, LHC, Tevatron and
SELEX with Ajy = 0, respectively. The solid, the dashed line, the triangle line and the cross line
are those corresponding to LHCb, LHC, Tevatron and SELEX with Aj, = 1%, respectively. Only
at SELEX, the difference between the cases with and without intrinsic charm can be seen.
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