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% Outline

> Introduction
»The LHCb detector

» LHCb measurements

V2 X ]/ [pLB 707 (2012) 52-59]
v'J /1 + open charm & 2 X open charm [JHEP 06 (2012) 141] [JHEP 1403 (2014) 108]

v'Z + open charm  [JHEeP (2014) 091]
v'Y + open charm [arxiv:1510.05949]

»Summary and prospects
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% Introduction

Double-parton scattering (DPS) Single-parton scattering (SPS)
v" Two independent processes v Products highly correlated

v" Provide information on parton transverse profile & correlations in proton
v Help better understand background in searches for new physics (Z + bb, WtW ™ etc.)

» Studies in various experiments
v’ pp: W+2-jets, J/W+W, J/PY+Z, 2 X /1, 2 X Y etc.
v’ pp: 4-jets, y+3-jets, J /i + Y etc.
v p—Pb:W*TW*, W~W~ (proposed)
v’ Pb — Pb: 2 X J /Y (proposed)

» LHCb: pp collisions, smaller x
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% DPS in pp/pp collisions ("

|
| + (5Q|Q:

0Q,Q;

X [ dx1dx,dx,dx,d*d™brd*b
kg™

. . AG/.. 2\ ACh I N
Xlr,'j(.\]..\p_. b,, bz)l(rl.k (X1, X7) G (.\2..\2il"k,(.\,..\2.b] —b.b, — b)

Generalized double parton PDF

SPS parton-level cross-section

» Assumption 1: factorization of transverse & longitudinal components
l—‘ij (Xl, X2, blr bZ) — Dij(x1; xZ)Tij(blr bZ)
» Assumption 2: no correlation
Dij(xbxz) = fz(x1)f](x2); Tij(bl;bz) = Ti(b1)Tj(b2)

— Pocket formula 1
00,99,

[0) =
5% 1+ 60,0, et

v" Also valid for differential cross-sections

16/6/7 Liupan An 4/18



% DPS in pp /pp collisions (cont.)

o _ 1 00,9,
W% 1+ 60,0, et

> 0eir = |[ d?bF(b)?|, F(b) = [ T(b)T(b; — b)d?b;
v' A property of proton
v" Thought to be universal, i.e. independent of process and energy

v" Experimental result indicates a smaller “proton radius” 0.3 — 0.7 fm

» General purpose of DPS measurements

v' Measure gy :

validate its universality or probe the dependence on process and energy

v’ Test the pocket formula for differential cross-sections

16/6/7 Liupan An 5/18



% The LHCb detector

» A single-arm forward region spectrometer covering2 <n <5
» Excellent vertexing, tracking, PID
>Runl: Lipy = 1fb" 1 @7 TeV&2fb™ ! @8 TeV

i
/ pear, HCAL
SPD/PS

Magnet RICH2 M1

[ ———
-.-'
.IIIII

1

pp interaction point

v’ Vertex Locator: opy ./, ~10 um, opy ,~60 um [JINST 3 (2008) S08005]
v’ Tracking (TT, T1-T3): Ap/p = 0.5 — 0.6% for 5 < p < 100 GeV/c

v RICHSs: (K = K)~95% @ misID rate (mr = K)~5%

v Muon system (M1-M5): (1 = u)~97% @ misID rate (r - u)~1 — 3%

v ECAL: 05 /E~10% /NE & 1% (E in GeV)

v HCAL: 6 /E~70% /VE ® 10% (E in GeV)
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
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»>Using 37.5 pb~ ! dataat+/s = 7 TeV

> Fiducial region: 2 < y//¥ < 4.5, p%/l’b < 10 GeV/c
» Observed with significance > 60

[PLB 707 (2012) 52-59]
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»Update with X 80 statistics in progress T T
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.094023
https://arxiv.org/abs/1109.0963

J/¥ + open charm

>Using 350 pb™! dataat+/s = 7 TeV

opencharm € 2 <y <4,3<py <12GeV/c

»Fiducial region: J/Y € 2 <y <4,pr <12 GeV/c
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http://arxiv.org/abs/1205.0975

Candidates

Candidates

2 X open charm

> Using 350 pb~! data at+/s = 7 TeV
»Fiducial region: opencharm € 2 <y < 4,3 <pr <12 GeV/c
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[JHEP 06 (2012) 141]

»Signal significance = 50 except for D*AL (2.50)
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Candidates

LHCb D+DS+ 52 i 9

S

Mode o [nb]

D'D® 690+ 40 +70
D'D* 520+ 80 +70
DD 270+ 50 +40
D*D* 80+ 10 +10
DD 70+ 15 +10
DA 604 30 +20
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http://arxiv.org/abs/1205.0975

% J /Y + open charm & 2 X open charm

. . [JHEP 06 (2012) 141]
» Production cross-sections

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, OC1Ca
DODO [ ] * LHCb DODO HeH LHCb
DD+ . DD+ -
0 DD+ H—e—Hi
DDy ~ SPS e
D*D* - M [PRD 87 (2013) 074039] e
D*D; .- [EPIC 60:693-703,2009] | D'Df ——1
D+ A+ o [PRD 57 (1998) 4385] DA
¢ [PRD73 (2006) 074021]
¢ WD JAD?
. oD+ JAbD*
- J/‘LI)D+ J/IDD;-
s +
. JWAT S A
| IJIIIHI | HHIIII | HHIII' IIIIIIII| | IIIIIII| | 11 | l [ 1 ||||| L L || |||||
10" | 10 10° 10° 10* I 10 10%
o [Ilb] 720102 [mb]
v’ Significantly larger than SPS predictions ¥ Interpreted as der in DPS 00 <¢ (1097 38111
v" SPS fraction 1 — 5% v J/Y + open charm: in good agreement
v Clean DPS!!! with Tevatron measurement in multi-jet

production g = 14.5 + 1.7737 mb
> Differential distributions studied! ¥ 2 X open charm: closer to 20 mb
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.074039
http://link.springer.com/article/10.1140/epjc/s10052-008-0826-9
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.4385
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.074021
http://arxiv.org/abs/1205.0975
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.3811
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» DD as comparison:
Enhancement at small Ag

» J/Y + open charm &2 X open charm:
Reasonably consistent with a flat distribution
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% Ay distributions

> J/y + open charm: » 2 X open charm: UHEP 06 (2012) 141]
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pr spectra
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charm

[JHEP 06 (2012) 141]
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» Fit with exponential for 3 < pr < 12 GeV/c
» Open charm compatible with prompt charm

» ] /Y + open charm harder than prompt J /1?
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]

pT spectra— 2 X open charm

[JHEP 06 (2012) 141]
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%% Z + open charm

»Using 1.0 fb~! data at+/s = 7 TeV
»Reconstructed with Z - utu=,D° > K nt, Dt > K n*tn™

> Fiducial region: 60 < m+,- < 120 GeV/c?, pr(ut) > 20 GeV/c,
2 <n(ut) < 4.5, opencharmE 2<y<4,2<pr<12GeV/c

»>7 7+ D°&4 7 + D' candidates with combined significance of 5.1¢
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> [JHEP (2014) 091]
measured SPS DPS

Z4DY 25041124022 0.85°082 014005 3287068  Inpb

0.07 —-0.17 —0.58

Z+D* 044£023+£003 0377003 007 £0.08 1297035 45 - = 14.5 + 1.7517 mb

[PRD 56 (1997) 3811]

v'Z + D? prefers to have a DPS contribution

v'Z + D% inconclusive due to large uncertainty
v'"More data needed!
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https://arxiv.org/abs/1401.3245
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.3811

»>Using 3 fb~! data at+/s = 7 TeV & 8 TeV

Y + open charm

»Fiducial region: Y € 2.0 <y < 4.5, pt < 15 GeV/c
open charm € 2.0 <y <4.5,1 <pt < 20 GeV/c

[arXiv:1510.05949]

LHCb

N/(100 x 5MeV?/ch)

N/(100 x 10 MeV?/e)

a) Do
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1(18) T(29)
Do 980 =+ 50 184 + 27
D+ 5562351 = D0 116+ 2
D+ 3147 e
AF 11+6 144
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> Results:
Y (1S)DO
By~ X0 o7 TV
T(1S)D+
By X O /s=7Tev
T (1S)D°
Bty X 0-\/(§=8)TeV
T(1S)D+
%u‘*u‘ X 0-\/§=8Tev

155 + 21 (stat
82 + 19 (stat

80 + 16 (stat

e )
)= )
250 + 28 (stat) £ 11 (syst)
J )

» DPS predictions:
v With Oeff = 14.5 mb

;@u+u— X O

:@u-ru— X O

> Consistent!

Y(1S)DO°
V/E=TTeV

T(1S)D+
Vs=TTeV

DPS

DPS

New
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(
(

206 -+ 17 pb,

86 + 10 pb,
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% More comparisons

T(18)D?
R0 = et = 194 0.5 (stat) £ 0.1 (syst),
V/5=TTeV
T(18)D°
RS = —esm® = 31407 (stat) £ 0.1 (syst)
/5=8 TeV
B T(1S)cT
T (1S)cc o
e = (77+1.0)%,
B T(1S)cT
(0)
RYUSke = (8.0+0.9)%,
Vs=8TeV oY (18) a8 TV
T(28)DO
RE/TUS) — g9, 0 x —;/fggﬁv = (13+5)%,
V/s=TTeV
T28D"
s=8 TeV
RES2S)/T(1S) = Bopy ¥ % = (20+4)%,
}/f;f;giv v Kinematic distributions of ¥ + open charm
T(25)/7(1S V5=TTeV also show good agreement with DPS
s=T7TeV . . .
GT‘[@S)DJr Neglecting SPS contribution:
Rgfs)/'r(ls) — By X ﬁ;ﬁg’i’ = (22+6)%, Oegf = 18.0 + 1.3(stat) + 1.2(syst) mb
O /s=8Tev v’ Consistent with previous measurements

[arXiv:1510.05949]
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% Summary & prospects

»DPS is explored at LHCb through several processes

» Relevant DPS contribution is observed in
v J /1 + open charm & 2 X open charm
v'Y 4+ open charm

» Prospects

v'Still a lot to be analyzed with Runl data
* Update existing measurements with more data
* New channels to look into: Y + J /1, 2 X Y etc.
v'Runll is in progress

* New energy scale: /s = 13 TeV
* More statistics expected: L;, = 5 fb™!
* Trigger improved

* Possibility for triple-parton scattering? Th an k yO § I
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Back up
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» J/Y + open charm:

Mass spectra

[JHEP 06 (2012) 141]

» 2 X open charm:
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> DD as comparison
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