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Pabora BKa1O4aeT B cedsI uccaea0BaHs 110 ABYM

HallpaB/ACHIIYIM.

(OparMeHTalVIOHHOE POXKAEHVIE aadPOHOB C

OTKPbBITbIM O94pOBaHIEM B €+€_-aHHI/II'I/I/1§ILH/II/I

Ob6paszoBanue AByx cC-tmtap B ycaosusix LHC(b)

Tuesday, May 29, 12



OparMeHTAIMOHHOE POXKICHUE
aIPOHOB

* leamn:

* C ncrnoap3oBaHyeM HerreprypOatusHOM PP, 3aBUCAIINI TOABKO OT

OOpa3yIoIIerocs agpoHa onucaTh AaHHbIe Kak B-dpadpuk
(10.58 I'sB), Tak 1 aanusie LEP (91.2 I'sB)

* JlccaeaoBaTh CBOJICTBA ITpUMeHsAeMON HertepTypOaTusHOM PO,
CBsI3aHHBIE C pa3Anyrie B KBAPKOBOM COCTaBe KOHEYHBIX YaCTHI]
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OO0pa3oBaHuE IBYX CC-Map B

ycnoBusx [LLHC(b)

* lleamn:

* /las mapHOTO POXAEHUS [/ BBIYUCAEHUS B g¢ U (g ITpoIieccax
ObLau nIposeensl eme B 1982 roay B LO pQCD B CS-moaean.
Heo0x041MO mOAy4nTh CA€ACTBIA, AOITyCKaOMIIVIe
HeII0CpeACTBEHHOe CpaBHeHIe ¢ AaHHbIMY, rToaydaeMbimMu LHCD.

* PaccmoTtpeTs poskaerne [/P+D, otanuarorieecs ot J/Y]/y
OTCYyTCTBUEM IIPaBUA OTOOPA, 1, IIODTOMY, BasKHOE A5 BBISICHEHASI
MEeXaH3MOB PO3KAEHIUST pacCMaTPUBAEMbIX KOHEYHBIX COCTOSTHMIA.
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Pe3ynbTaTel, BBIHOCUMBIE HA 3aAIATY

* (MparMeHTalIOHHOe POXXAEHIe aAPOHOB:

# TlokaszaHo, yTo NLO-35B0OAIO1MS ITO3BOASIET ITI0AB3YCH

YHIBEpCaAbHOU HenepTyp6aTMBHof/1 OD IIOAYYUTH VIMITY AbCHBIE
pacrpeaeaeHs O4apOBaHHBIX aAPOHOB B ¢'¢-aHHUTUASLINUN IIPU

sHeprusx 10.58 I'sB 1 91.2 I'3B.

* JlokasaHO, 4TO pazanuue HerepTypOaTuBHBIX DD a4
O4apOBaHHBIX ME30HOB U DapMIOHOB O0YCAOBAEHO pa3AudMeM B VX
KBapKOBOM COCTaBe.
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Pe3ynbTaTel, BBIHOCUMBIE HA 3aAIATY

+ ObpasoBaHne AByx CC-tmrap B ycaosusix LHC(b):

# Iloaygyensl ceuennsa u kuHeMarnueckue pacrnpegeaenns 8 LO pQCD
CS-MoaeAn aA4as1 mporeccoB ¢9— J/1]/1 B KuHeMaTNIeCKMX yCAOBUSIX

ycraHoBku LHCb. Hammcan production tool LbOniaPairs aas
MOJAEAUPOBAHUS POKAEHMS ITap S-BOAHOBBIX YapMOHUEB U
oorromoHnes B LHCb framework.

+ Hargeno ceuenne mpoitecca g¢9— J/D B ycaosusix LHCb u rmoayuenst
KIMHEeMaTI4ecKue pacipeaeaeHns oopasytoruxcs [/ u D-me30HOB.

* ]IpoaHaausupoBaHa BO3MOXKHasI pOAb ABOVHBIX ITAPTOHHBIX
coyAapeHni1 B 00pa3oBaHMy KOHEYHBIX COCTOSTHUI C YeThIPbM:I
C-KBapKaMI.

Tuesday, May 29, 12



OparMEHTAMOHHOE POXKIICHUE aJPOHOB C

OTKPbLITbBIM O4YdPOBAHHUCM B €+€-aHHI/II’I/IIISH_II/II/I
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[1n1an

* DBoa1onys neprypoatusHon PP

* JIspaeuenne HentepTypOaTtysHOI PP 1 00Cy>KAeHIE ee
CBOJVICTB

* PesayabTaThl 4451 pOXACHNS
* D*nAc—or 10k 90 I'>B
* D — HanpsAMYIO 1 OT pacnagos D*

* D™ u Ac B pacnagax B
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dakropusanys




dakropusanys

+ Heobxoaumo pa3aeants Kectkue (p ~ q) u msrkue (p ~ Aqcp) 9P PeKTh

ert n
E Uo/a = DS/H & DQp/H

* OaHako rpu X — 1 neprypOatusHas PO cama cogepXuT Aorapm@pMal
Buga ~ In(mg(1- x)) ~ In(Aqcp), COOTBETCTBYIOMNTVIE U3AYIEHUIO MATKUX

I'21I0O0HOB

& HpI/I DTOM HeHepTyp6aTI/IBHI)H71 PE>KNIM HaCTYIIa€T 11PN

X > Xpr = 1 — Aocp/mo

Tuesday, May 29, 12
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dakropusanys

* CyMMHUpOBaHMIe DTUX BKAaA0B BO BCeX IOpsIAKaXx I10 as IIposeaeHo B JHEP

0604 (2006) 006 (Matteo Cacciari, Paolo Nason, Carlo Oleari).

* O4Hako, IIepTypOaTUBHBIN Ps14 OYEBUAHO PacXOAUTCS TP

1 — x = Agcp/mgq, UTO COOTBETCTBYET ITOAIOCY (.

* Takom 1moaxos NpuBOAUT K OTpULIaTeAbHBIM 3HaYeHUAM PO ripu

X OAm3Kux K 1.

* B npeacrasasgemon paboTte CyMMIPOBaHNE MATKIIX TAI0OHOB He

IIPOU3BOAUTCS, OCTaBAAA yueT 9Toro adgpdpekra HerteptrypOaTBHOM yacty PP.

Tuesday, May 29, 12
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DpoJronus I JIAIT

dDg /g
d1n p?

> (@, mq, 1) Z/ — Py, <— O@(M)) Dysq(z,mq, i)

* NLL »Boatonus (pyukrun paciienaenus: 8 NLO)

#* NLO naugaapHbie ycaosusa 1 NLO mapToHHOe ceueHme

+ B. Mele and P. Nason, Nucl. Phys. B361, 626 (1991).

G. Curci, W. Furmanski, and R. Petronzio, Nucl.
Phys. B 175, 27 (1980).

W. Furmanski and R. Petronzio, Phys. Lett. B 97, 437
(1980).
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DpoJronus I JIAIT

* JIpeoOpaszosanue Meaanna f(N / G

> DQ/Q(NvaMu) N E(NvlLLvMO)DICIQl;Q(N?mQaMO)a

{ (0)
as(MO) PQQ(N)
E(N = <1
( 7:“7:“0) CXP : 1l CVS(/L) 27_‘_1?0

oF (,UO) — (,U) (1) 27-‘-bl (0) :
| Foo (N Foo (N
)~ o0 | PG ) S b

= O-C<N7 \/g) :5-Q(N7 \/g) E(qua:uO) iclgli/Q(quOamQ)
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HeneprypoarnBHasg O
KapreesmiuBuim—JIuxonena I lerpoa

V. G. Kartvelishvili, A. K. Likhoded, and V. A. Petrov,
Phys. Lett. B78, 615 (1978).

* CoorHomeHnne “B3auMHOCTN I'pndoBa-/unanrtosa:
B. H. Ipu6os, JI. H. Jlunaros, AP 15, 781 (1972)

Dgn(z) "2 fi(2) 2= pH/Pe

24y —ag —ay)  _ 3
. () = T et G By ) L
v R

F(?) = Vs Qage— Zqu)
1 —ag)I'(1+ 78 — 20y)

P. V. Chliapnikov, V. G. Kartvelishvili, V. V. Kniazey,
and A. K. Likhoded, Nucl. Phys. B 148, 400 (1979).

aj—&c(l e w)l—l—’yB—QO{q

i) =
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HeneprypoarnBHasg O
KapreesmiuBuim—JIuxonena I lerpoa

24+ vy —ag —ay)  _ e
- v = g (L = gp) e
LA e Y

(o) = et

rue o, = 1/2 — nepeceueHue TpaekTopuu Peke Jier-
KMX KBapKOB; aig — NepeceueHre Belylled TpaeKTo-
pun Pemke cuctembl QQ, a napameTp s onpee-
JISIeT HODMHPOBKY KBapK-TIJIl0OHHOr0 Mopsi. Tak, ecin
byHkuMs1 pacnpenenenust ff. npu z — 1 yObiBaer
Kak (1 —x)™, To creneHb yObiBaHUS (popMdaKTo-

pa ~(q~2)* cBasana ¢ n cooTHolleHHeM n = 2k —

— 1. YobiBanue GopmdakTopa Kak ~q~ 2 NPUBOJHUT K

3HaueHuto vy = 3/2. AHanoruuno ajs A.-6aproHOB
N B 3.

e (1 o 1’) I+vB—20aq
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BemmuuHa o

CylleCTBYeT HEKOTOpasi HEOIPENELJEHHOCTh B Be-
JIMUMHE .. TeopeTnueckue uccenoBanud [21], ocHo-

BaHHbIE HA CHCTEMAaTHKe TPaeKTOpuH Peke, yKas3bl-
BalOT Ha 3HAUE€HUE <, B HHTEepBaJie oT —2.0 10 —3.95.

DTO HECKOJIbKO 0O0JIbllle, UeM BeJIMUMHA o = —(3—4),
noJiydeHHast B pabote [22] ¢ nomombio KX/I-nipaBu.
cyMM. Jlpyro# crioco6 onpejeseHust ., o 3Ha4YeHHI0
+ BOJIHOBOH (DYHKLMHM BEKTOPHOTO KBapKoHHs QQ B

HauyaJie KOOpAUHAT |23 ], TpUBOAMUT K 3HAUEHHIO —3.5 +
+ 0.6.

21. S. S. Gershtein, A. K. Likhoded, and A. V. Luchinsky,

Phys. Rev. D 74, 016002 (2006) [hep-ph/0602048].
22. A.T. Oranecsn, A. IO. Xomxamupsii, AP 56 (9), 172
(1993) [Phys. Atom. Nucl. 56, 1720 (1993)].
23. B. I. KapreenuwBuau, A. K. Jluxonen, 9P 42, 1306
(1985) [Sov. J. Nucl. Phys. 42, 823 (1985)].
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M3BneyeHne HeneprypOaTuBHbIX OP

+ Enp(z)zéci@(z i_1>@(i—z>

T n
~ = = i Al =G = 1) )™
4 an(N) a4 Zci ﬁ_l ZN_lClZ 8 ZCZ' ( / ) (](V )/ )
2==1l; n 1=1
3—""|""|""|+""|""— T
-+ A BELLE } (b) - N
! ; 1, 1 ol<. f  BaBar 0 ko
A e D°D" avg. ﬁ:gﬁgﬁﬁa;i' o U‘U i 4&#%#%% oK
it B e S SN
¢ +qnl:l bgnn 1 22_ 4-;*_ ++
i é:h $on o - ¥ t,
1 w*’i ‘: oo i 15_ _I_—i—_ﬁ_ 1
O@Fﬁ%....l....l....l..‘.ﬁ‘;q OIZ#%EH"H"H"'f+‘ﬁﬂ.¢++'+
O 02 04 : 06 08 1 0 0.2 04 0.6 0.8 1 XP
p
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M3BneyeHne HeneprypOaTuBHbIX OP

From u =s%5/2 (s = 10.58 I's>B)

ST tO‘u:‘uO:mC

25" Fi A

i / I\\

I /| .
20" WA G =

i ly 7 \

i /) ¥ \
15 jore o

I 7/ \\I

[ {
10" /

//n/- _\\_l
05" A )

i 524 }Tﬁl

: .—g_——%éﬁé ‘‘‘‘‘‘‘‘‘‘ \\l-:



M3BneyeHne HeneprypOaTuBHbIX OP

DP"(2) = 20.12%7(1 — 2) + 2.7710%213(1 — 2)7,
D2(2) = 72.9257(1 — 2)° + 2.9310%21°(1 — 2)® + 10%21°(1 — 2)3.

oo do/dx T do/dx
RSB EREE - /\c — BaBar,
2.0 [ 2.5 i *,\
- CLEO 50 CLEO
15} : :
: 15" £
10" e 3
5 £ | 2%
05¢ ﬁ* 0.5 [ o i
I i T
S A S ey g 2B e sl S e x
0.0 0.2 04 0.0 0.2 04 0.6 0.8 1.0
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[Tepecuer na Y0 I'2B

*D* @90 GeV * Ac @90 GeV

oo do/dx o ordo/dx
gD — AT EPH,
OPAL
115 [

2.0

10 Al

s/

0.0 0.2
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Poxknenue /)-Me30HOB

+ Panaa D*—=Dm nponcxogut o4eHb 0AM3KO K IIOPOTy, IO9TOMY IOAaraeM:

DPr(z) = D (222 g (1 - 5102 1
™mp ™mp ™mp

+ Aas paciaga D*—=Dy:

a5 1 1 i} / /
PPY(z) /O dz*/_ldC;SQDf (z*)é(z—vp coséurﬁe)

pmax

B o — 677 1= 005, %
BTD*O—)DOT('O = 61.9x 2.9, %
I ey = ST 0, %
Brp-o_po, = 38.1+29.%
BTD*+—>D+’7 — 16 Z|Z 04, %
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Poxknenue /)-Me30HOB

EesTe . 5
D (z) = n” (D/(2) ¢ {BTD*OeDOVDDW(Z)‘F c=14
i . NDn R. Barate ef al. (ALEPH Collab.), Eur. Phys. J. C 16,
+ (Brp-+—port + Brpoporo) D (Z)D 597 (2000) [hep-ex/9909032].

DP"(2) = nP" (DP(2) + ¢ [BTD*+_>D+7DD7(Z)—|—

+ Brp-+,p+nDP7(2)])

oido/dx otdo/dx
I pt ‘::ﬁ"j:‘ih ! ) R
20} f Ciri
i s : > 207 4 51
; | |
1.5 * : 3 ; 1.5 [
I r"'v h=;_ r
107 f' : 1.0 -
I A ) -
: | ‘AAI H r
L - Y - %
05 o 05, P \
¥ i Wihs 4
47 = : ' \ ! ! ! \ ! ! ! \ ! ! ! \ ! ! k\‘t X 77 _____  Sulk '" \\\\\\\\\\\ sy X
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
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PoxxeHre OTKphITOrO Yapma B
pacrnajax >

T = [F(5e) e ()

* D* 1 * Ac
oido/dx o140/ dx
4 5¢ +
3 : q{:%j
3
2,
I o) Féﬂ
: i
1 G
_ I I I | I I I I | I 1 1 I | I 1 1 1 | I ) I x lllllllllllllllll ’_E_' x
0.0 0.1 0.2 0.3 04 0.0 0.1 0.2 0.3 04 0.5
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PekoMOMHauys Co CIEKTATOPOM

* B~ consists of b and u-bar quarks

* cu-bar = D)0, thus its production is enhanced:

L | ['(a + 3)
Ppele) = 50 = Arei)

2%(1—2) 4+ Ad(1 — 2)

+ For D)* recombination is not possible

D) = 51 - Apor (-2

S
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Charm production in B decays

Brp-_poyx
Brp-_p+yx
Brp-_potx
Brp-_p-+x
BTBO_>50_|_X

Tuesday, May 29, 12

:j\tot 1

BoDYX — (1 4+ A)(1 4+ CBrpso_po) + (1 — AYCBrper_po))
I'c+152

T tot

I 1
B—D+X
(A (S g

el |
Brgo_,po = Fi_f;); Fg 5 ((1 =g C(BTD*O—J)O 3 BTD*——J)O)))

[peos I'/1
= Brgo_p- = 2ty O (1+ CBrp«_p-))

= FC —+ FC_’ FC 2
:_ﬂtot 1
-jB_>D+X s, ((1 ol C(BTD*O—J)O T BTD*—%DO)))
= Fc‘v D
T tot 1

- B—=>D+X
:}¢+F@2(( i3 Clrosoon
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Charm production in B decays

Channel

Th

Exp

Brp-_,poyx
R L
Brp- ,poyx
Brp- ,p-1x
BTBO—>D0+X
Brpo_,p+ix
Brgo_,potx

Brgo_p-4x

77.0
9.4
7.8
2.9

418.6

37.8
7.8
2.9

78.6 £1.6 2.7
9.9+ 0.8+ 0.57°
8.6 4+ 0.6 + 0.37
25 == 0.5 S= 0 L
47.4+£2.0+ 15473
36.9+ 1.6 + 1.475%
8.1+1.4+0.5%03

2.3+ 1.1 4+ 0.310

* Data by BABAR collaboration

Br. ratio

Th

Exp

Tuesday, May 29, 12

BTB——>D0—|—X/BTB——>D0+X
B, SIS i R S
BTBO—>D0+X/B7“BO—>D0+X

BTBO—>D—+X/B7“BO—>D++X

0.092
0.237
0.138
0.072

0.098 = 0.007 = 0.001
0.204 + 0.035 £ 0.001
0.146 £+ 0.022 £ 0.006

0.0598 = 0.028 = 0.006
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Charm production in B decays

Brx102/(0.15 GeV) Brx10°/(0.2 GeV)

2.0

+ B~ — I

T

1.5

10 ¢
05
o s T R T e p, GeV
0.5 1.0 1.5 2.0
Brx10°/(0.15 GeV) Brx10°/(0.2 GeV)
207 10+ u
? : 06"

1.0 i
i 04

0.5} 02

p, GeV
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Charm production in B decays

Brx10°/(0.15 GeV)

Brx10%/(0.15 GeV)
20
15¢
10}
05

e

6
5 bt
4:
3 5
X _
! BY — DY
|_§_|
‘ 0.5 B 1.0 B 1.5 B 2.0

Brx10%/(0.2 GeV)

6

~0.5}
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. B — DT
4
; ++
¥ +
1F
M | 025 Rmtalli0), s 155 S EE O D
Brx10%/(0.2 GeV)
1.0 BO T
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Pe3ynbraThl

* IIpoBepeHa rumoresa pakropusan iy IIpu SHEPIVSX OT
10 20 90 I'»B. Iloka3zano, 4TO BO3MO>KHO MCIIOAb30BaHIE
YHUBEPCaAbHO HerlepTypOaTusHOU PO.

* CporicrBa 9101 HeneprypOaTtuBHON PP HAXOAATCA B
coraacuu c npeanoaoxennamu K711, a mapamerp a.
COraacyeTcst C HallA€HHBIM B APYIUX [10AXO0AaX.

* Ha sneprum 5.2 I'sB(=mg) ¢pparMeHTalIIOHHBIN TT0AX0A
[lepecraeT padoTarsh, IIPU DTOM CyILIeCTBEHEH BKAaJ, OT
peKoMOUHAIIMY C BaA€HTHBIM KBapKoM 13 B-Me3oHa.

Tuesday, May 29, 12
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Pe3ynbraThl

e HpI/IBe‘ZI,eHHI)Ie pQBYZleaTbI OHY6/H/IKOB8HBI B CTaThe
A. A. HoBoceza0B, PparmMeHTallIOHHOE PO>KAECHVE OYapOBaHHBIX
aAPOHOB B ¢*e-aHHUTNAANUN, JlaepHas Pusuka, tom 73, No10, 2010

* Ilpennpunrax
arXiv:1007.0846 (A study of charm hadron production in e +e”- annihilation)
arXiv:1012.5753 (Charmed quark fragmentation in B-mesons decays)

* /10A0>KeHBbI

16-n1 Mexxaynapoanbiyi Cemunap o @usuxke Boicoknx Dueprunm KBAPKI12010,
KozaowmHa, 6 - 12 utonst, 2010 — “A study of charm hadron production in ete—-
annihilation”
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OO0pa30BaHuE IBYX CC-Map
B ycnoBusx LLHC(b)




Outline

© Introduction
@ Motivation

© Theoretical preliminaries
@ Production models
@ Color selection rules

© Double quarkonia production

@ Selection rules for double quarkonia
@ Other contributions (DPS)

O Calculation for LHC
@ Analytical part

@ Monte Carlo - LbOniaPairs, feeddown
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Motivation

@ Heavy quarkonium production is not yet well understood

» First attempt to explain prompt J/v production at Tevatron on the
Color-Singlet (CS) model basis led to ~order of magnitude discrepancy

> Color-Octet (CO) model allowed to improve the prediction and lead to
the prediction that J/4) are transversely-polarized

» Subsequent experimental studies didn't confirm transverse polarization

» Large NLO-corrections gave strong enhancement to the CSM
contribution and allowed the longitudinal polarization of J/4.

» Additional studies are needed to clarify the interplay between CS and

CO models

@ Pair production of heavy quarkonia can clarify this problem as it
depends heavily on the production mechanism involvec

@ Different quarkonia pairs in the final state are accessible

Tuesday, May 29, 12
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Production models

@ According to the NRQCD factorization the production of heavy
quarkonium factorizes into two steps:
» Heavy quark-antiquark pair is created perturbatively at short distances
» This pair non-perturbatively evolves into the quarkonium at long

distances

o (OH(>5*1[})) matrix elements describe the probability of
heavy-quark-antiquark pair with certain quantum numbers to evolve

Into a heavy quarkonium H.
Here n = 1 stands for CS and n = 8 — for CO matrix elements.

@ The crucial feature of the CS approach is presence of so-called color
selection rules which are well-known In quarkonia decays.

@ CO model implies a two-step process:

@ The color-octet state (cc)g is produced
@ The (cC)g state radiates a gluon and becomes colorless (cc); (this

process is not formalized)

Tuesday, May 29, 12
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Color selection rules for CSM

@ Quarkonia couplings to gluons:

» 2 gluons in a color-singlet (62?) combination are C-even. Thus C-odd
states, i.e. J/1 and h¢, do not couple with 2 gluons

» 3 gluons in a color-singlet (£2°¢) combination are C-odd.
o order process, 3-particle phase space — narrow J/4 and h..

> >

C g C v g
Y 0000000
v g

< <€

Al

g

Al

g

o MN(n'Sy — gg) = Smaz |wn(72)|2(1 + ...) ~ 26 MeV
C

o [(n*S; — ggg) = 2 (r? — 9)a (1 + ) ~ 80keV/

@ Landau-Yang's theorem forbids J = 1 states to couple with 2 real
massless vectors (i.e. gg, 7). This leads to narrow width of y1.
Suppression goes off for virtual gluons and at NLO.
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Selection rules for double quarkonia

@ The C-parity conservation forbids ¥y . and 1. exclusive production

@ There are 36 Feynman diagrams of 2 types:

- I x. e Xe T
Type 1
31x
e . J/@D Xe Tlc Tc T
: / Xe Tc Xe T
Type 2
bhx

Tuesday, May 29, 12



Color-octet mechanism

@ Produce whatever quarkonium you want in whatever combination in

whatever diagram
mi EE o
J/, x,n,T...
Type 1 (~1/p%) Type2 (~1/p%) Type 3 (
@ Small (~ 107%73) color-octet contribution to the quarkoma wave

function

@ But dominates

@ In high-pr region especially because of gluon fragmentation (type 3)
which has dT ~ 1/p%

Q For final states disallowed in the CS mechanism.
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Other source of quarkonia pairs - DPS mechanism

AB / 2 A2 ~AA " A2\aB .
ODPS — 5 Z /FU(X17X27b17b27Q17Q2) Xo-ik(X].?Xl?Ql)O-jl (X27X27Q2)
i7j7k7l

X Tr(xq,%0,b1 — b, by —b, Q2, Q2) x dx1dxadx; dxyd?byd2byd? b

@ Calculations now base on many assumptions and simplifications (no
partonic correlations, universality of o). Lead to a simple expression

Opps — 5 s Oeff — 14.5mb

O eff

@ @ C.H. Kom, A. Kulesza and W. J. Stirling, “Pair production of J/psi as a probe of
double parton scattering at LHCb,” arXiv:1105.4186 [hep-ph].
Q A. Novoselov, “Double parton scattering as a source of quarkonia pairs in LHCb,”
arXiv:1106.2184 [hep-ph].
Q S. P. Baranov, A. M. Snigirev and N. P. Zotov, “Double heavy meson production
through double parton scattering in hadronic collisions,” arXiv:1105.6276 [hep-ph].

@ Recent work considering parton correlations: B. Blok, Yu. Dokshitzer,
L. Frankfurt and M. Strikman, “The Four jet production at LHC and Tevatron in QCD,”
Phys. Rev. D 83, 071501 (2011) [arXiv:1009.2714 [hep-ph]].
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DPS — o.# measurements

E 24 :_l | | I 1T 1T 1 | | | | | | 11 | | | | | | I_I:
_‘:ﬁ- 22 ;_ A AFS (4 jets - no errors given) _;
S 20 a4 UA2 (4 jets - lower limit) —
18 o CDF (4 jets) —
16E- CDF ;3] i =
= s DO (y3)) E
= 4 ATLAS (W2)) -
12 I E
10 1=
8- . =
6 =
— & —
oF- /‘ =
:I | | L1 1 | | | | | | L1 1 | | | | | | | |:
107 10°
Very first measurement \'s [GeV]

(pp, 4 jets, 1986)

from ATLAS talk, MPI workshop, DESY, 2011
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SPS vs. DPS
@ There are no LO diagrams contributing CS J/47T production:

(@)

)l

b

@ This leads to “unnatural” ordering of the cross section values:

Jy I TYT J/YT
Ogpg ~ 0sps =~ Ogpg

@ For DPS an “expected” ordering take place:

JYJy J/PT TYT
opps -~ 9pps -~ 9DPS

@ Numerical values for the quantities involved are predicted:

Jpdip TY _ /T
oips? =4nb  odfg=10pb oLt | =3pb
JyJ TT J/PT
oWl —4nb  ofps =1pb  o/%" = 100pb

All these values are for LHCb acceptance.
Color-octet J/¢7T prediction from arXiv:1007.3095 [hep-ph]
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Calculations for the
LHC(b)



Calculation in CS, LO

e r e 4
P QY

@ = amplitude at each point of phase space to be used in polarization
studies (see Berezhnoy et al. Phys.Rev. D57 4385 (1998))

@ = dé/dt to be used in MC generators.

@ A. V. Berezhnoy, A. K. Likhoded, A. V. Luchinsky and A. A. Novoselov, Phys. Rev. D84,

094023 (2011)
V. G. Kartvelishvili, S. .M. Esakiya, Sov.J.Nucl.Phys. 38, 430-432 (1983).

B. Humpert, P. Mery, Z. Phys. C20, 83 (1983).
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Analytical part of calculation - Polarization

@ Solid, dashed, dotted and dot-dashed curves correspond to total cross
section and TT , TL and LL polarizations respectively.
Angular distribution is presented at v/5 = 10GeV

7lgg = 2J/1), pb do/d cos O,pb

o5 |

10

107

1 | IFITIW

‘e
‘e
. .
.
‘e
.

6 8 10 12 14 16 18

—
<
N

.
ot
‘e
.

~
e

AL RN LTS R R e B R LTS T T M
20 0 -0.8 -0.6 -04 -02 0 02 04 06 08 1
V/Sqg, GEV c0s O
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Analytical part of calculation - Matrix element squared

8t (0)*
81m?2s (m2 — t)* (m? — u)*
570 (—3393t% + 6782tu — 3393u°) +
7 (—7124¢° + 7204t%u + 7204tu° — 71240°) +
s® (3290t* — 24440t°u + 42684t°u* — 24440tu” 4 3290u*) +
4s'(t — u)® (5459t> — 4631t°u — 4631tu” + 5459u°) +
2s°(t — u)? (7771t* — 1016£7u — 13126t°u” — 1016tu® + 7771u%) —
—  16s°(t — u)* (778t — 821t%u — 821tu” + 778u°) —
—  s*(t — u)* (20405¢* — 18628ty — 3938t°u” — 18628tu” + 20405u™) —
—  25°(t — u)° (2647t — 1375t°u — 1375tu” + 2647u°) +
+  21s°(t — u)® (223t° 4 398tu + 223u°) +
+ 3780s(t — u)lo(t + u) + 972(t — u)12)

|M|? (3355'% + 2745 (t + u)+

+ + + + +
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Partonic cross section

. 512m34)(0)* . . . . .
65(8) = ToTE g = | (55% 4+ 874m?33 4 13368m™*5% 4 36594m°s + 90m®)54 /1 —

4m?

N\

14 /1 — 4m?
+  30m*(6m® + 70m*s — 1025m?5% — 13453) log \/ -

2x10° 8
1x10°8

5x107° |
44867 2 %1070 |

1x107°% F

5x10710

2x10710

1 x10° 10 F
80

o § and t are selected non-uniformly t® in@reé‘geéffici’@ncii‘)at‘“’géﬁération
level — ~ 7%

Tuesday, May 29, 12 45



Properties of the production tool

OniaPairsProduction.Ecm=7000. ;
OniaPairsProduction.PsilS1S=1. ;
OniaPairsProduction.PsilS2S5=0.59;
OniaPairsProduction.Psi2S2S=0.35;

@ Properties like PsilS1S (analogously Ups1S1S for T-mesons) allow to
turn on/off production of certain final states

» value = 0 — channel is switched off
» value > 0 — channel is switched on with the weight value

@ These weights are useful for generation with feeddown. When EvtGen
is forced to decay higher quarkonia states to the lower ones weight =
total branching fraction of these decays.
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Numerical computation - cross section

@ Pythia 6.4 MC generator was used to sample the phase space and to
convolute with the proton‘s PDFs. LO as-evolution and CTEQ 5L LO

PDFs @ m+ scale.

@ The predicted value for the J/-pair production cross-section is

(feeddown not accounted for)

U(J/@J/w) — 18 £ 6nb.

@ We use m. = 0.5my and wJ/w(O) — 0.21GeV3/2

@ LbOniaPairs — a LHCb s/w package to generate vector S-wave
charmonia and bottomonia pairs

» Accounts for feeddown from the higher states (¢(25), T(25, 35))
» "FullGenEventCut” tool is used to increase efficiency in the LHCb

acceptance
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Numerical computation - cross section

@ Kinematical cuts are applied not to the hard subprocess but to the
complete event. Consequently the result depend on the ISR, which
gives the pr to initial partons. This part is most model-dependent
and gives additional uncertainty to the cross section.

@ This effect is crucial for ATLAS, which has a pr-cut:

oSoinear (pp — 2J /4 + X)
o WEIRR (pp — 20 /4 + X)

0.09nb,
0.06nb.

@ Happily as LHCb has no cut on pT, the uncertainty in or,gc caused

by the ISR should be small:

o5 (pp = 24/t + X)
orHien (pp — 24/¢ + X)

3.2nb,
3.1nb.

@ The uncertainty caused by other sources is < 30%, so

orHCH (PP — 2J/Y + X) =
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Feeddown from '

@ We estimate contribution of the gg — J/41)’ process by substituting
(m(J/v) + m(y)"))/2 for 2m. in ME and using

Yy (r)],_y = 0.16 GeV/2, Br(¢/ — J /¢ + X) = 53%.

do [dm, nb do/dm, nb

12+
10

(\) ~ @) o0
T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T
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Prediction for LHCb - cross-section

@ Kinematical cuts select ~16% of events. This corresponds to the

oV (pp — 1)y 4+ X) = 1.0 £ 0.2 nb.

@ Together with the direct cross section this leads to the value

ol (pp — 24/ + X) = 4.1+ 1.2nb.

@ The experimental value is 5.1 = 1.1 nb (arXiv:1109.0963v1 [hep-ex|)

® Apart from the parameter selection (as, m¢, ¥,/,(0)) the difference
In cross-section values can due to the existence of other sources of

J /1) pairs such as
» Production and decays of y.-pairs

» Resonant and non-resonant transition of (cc)(cc) system to J/-pair.

» DPS
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Prediction for LHCb - dlstrlbutlons

do /dmj/w/w R nb
30t

2.5
20
1.5
1.0
0.5 .1

0.8

0.6+

T
~

04 //

0.2

= My
14
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Prediction for LHCb - distributions

300 [
> 2-57
O L
<} i
S 20;
S I
s 1.5
S I
S I
v 10
S .
0.5+
0.0 = i ——i 3

14

mj/w /s GeV

Figure 1: Distribution over the invariant mass of the J/y-meson pairs compared with the LHCb
measurement. Solid curves were obtained with mz‘]/ ¥ as the hard scale, dashed — at 0.5- mz‘]/ ¥ and
dotted — 2 - mg,]ﬂ/ Y. For every scale choice upper curve corresponds to the CTEQS5L, lower — to

the CTEQG6LL pdf used.
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Prediction for LHCb - distributions
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Prediction for LHCb - distributions
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AccouunpoBaHHoe poxxaerve J/1 + D

o [loanpouecc gg — J/¢cC paccunTbiBancs B

© Phys.Rev., D57:4385-4392, 1998 (A.V. Berezhnoy, V.V. Kiselev, A.K.

_ikhoded, and A.l. Onishchenko),

© Phys.Rev., D73:074021, 2006a (S.P. Baranov),

© Phys.Lett., B653:60-66, 2007 (P. Artoisenet, J.P. Lansberg, and F.
Maltoni).

@ In the LHCb acceptance within SPS:

o(gg — J/¢cc) ~ 20 = 60nb

0(gCsea — J/Wc) ~ 10 + 40nb

According Jean-Philippe Lansberg estimation the contribution of gcses — J/c is even
larger than gg — J /4 cc.

@ For the LHCb conditions:

opps ~ 240nb osps = 30 = 100nb oexp ~ 300nb
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J/y+ D

@ DPS npepackassiBaet bonee bnnskoe 3HaveHume ceyevus B LHCh.

@ Tem He MeHee, pacnpegefieHne no nonepevHomy umnynscy J/i

CYWECTBEHHO OTJINHAETCA OT NSMEPEHHOIO B MHKJTHO3NBHOM

POXXIAEHUW, YTO NPOTMBOPEYUT HanBHoOW mogenn DPS.

|—U| T T | T )
~ B —o0— al |

— % 107 = +=*?£ —
= Ut ey LHCb
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S N —0#4i+ W ]
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J/y+ D

o [lpouecc gg — J/1cC HepooueHNBas 3Ha4YeHNE CEHEHUS OTAUYHO
onucbiBaeT opmy pT1 cnekTpoB J/1) n D-me30HOB.

@ [lTockonbKy NMOANPOLECC gCses — J/YC MMeeT 2 YacTuubl B KOHEHHOM
COCTOSIHUM 1 HA obpa3ytowmecss D-Me30HbI HANOXKEHO 0bpe3aHue

pt > 3[3B, B pacnpegenednn no pr J/1)-Me30HOB oXumAaanacb Obl
ocobeHHOCTb psagoM co 3HadyeHuem pr = 3[aB. Ee otcytcTBUme

yKa3blBaeT Ha TO, YTO gCses — J/1)C He HOMUHMPYET B
PacCMaTpUBaEMbIX YCJIOBUSX.
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Prediction for LHCb - distributions
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Figure 7: Distribution over the difference of the azimuthal angles of the J/¢ and D-meson in the

J /1 + D production. Curve designations coincide with Fig. 5.
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Prediction for LHCb - distributions

dino [dAy;,_p

Figure 8: Distribution over the difference of rapidities of the J/¢ and D-meson in the J/¢ + D
production. Solid curve corresponds to the LHCb kinematic limits imposed, dashed — to the

absence of kinematic limits.
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Pe3ynbraThl

* B pamkax C5S mogean B LO pQCD noaydens! nnpeackaszanms 441

oOpa3oBaHMs nap J/1) ME30HOB U aCCOIMATUBHOTO posKAeHusI J/i+D.

Aas odpaszoBaHus nap 1 Me3oHoB Hanucad LHCDb production tool.

* Vl3ydyena BO3MO>KHOCTD IIOVICKA KOPPEeASALINI MEXKAY ITPOAYKTaMU
pPacCMOTpPeHHBIX peakii ¢ moMompio getektopa LHCDb.

* O1eHeH BO3MOXXHbBIN BKAaag DPS B oOpazoBaHue paccMaTpuBaeMBbIX
COCTOSTHIIA.
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