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% Outline

> Introduction

»The LHCb detector

> LHCb measurements

v'J /Y + open charm & 2Xopen charm @ 7 TeV  [JHEPO06 (2012) 141]
[JHEP 1403 (2014) 108]

v'Y + opencharm @ 7 & 8 TeV  [JHEP 07 (2016) 052]

vV 2X] /Y @ 13 TeV [LHCh-PAPER-2016-057]

»Summary and prospects
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% Introduction

» DPS studiesin various experiments
v pp: W+2-jets, ] /Y+W, | /P+Z, 2X] /P, 2XY etc.
v’ pp: b-jets, y+3-jets, J/Y + Y etc.
v p—Pb: WXWZ (proposed)
v’ Pb — Pb: 2X] /1y (proposed)

» LHCb: pp collisions, smaller x

> Pocket formula
1 0,00,

o —
“% 14 60,0, Oerr

v’ 0. thought to be universal, i.e. independent of process and energy

» General purpose of DPS measurements
v' Measure ¢ :
validate its universality or probe the dependence on process and energy

v’ Test the pocket formula for differential cross-sections
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% Effective cross-section

30 TGN Uiy, Landoerg-Shad)
- ——— AFS (4 jets - no errors) :
25 [+ UA2 (4 jets - lower limit :
- —o— CDF (4 jets) . ;
20 b ——=—— CDF (y+ 3 jets) < _
T p —5—— DO (y+ 3 jets)
- f ——v—— ATLAS (W + 2 jets) i :
= 15 _ ———— CMS (W + 2 jetS) oo o o o i o o e o o e \ i.--; 14.5 mb
o - ——=—— DO (Jy+Jhy) 5 :
10 | l
5 _ }
0.01 0.1 1 10

\/S [TeV] [PLB 751 (2015) 479]
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The LHCb detector

» A single-arm forward region spectrometer covering 2 <71 <5
> Runl (2011-2012): L, =3 fb 1 @7 &8 TeV; o(bb) ~ 250 ub™! @ 7 TeV [ERIC 71 (2011) 1645]
> Runll (2015-2018): Lipny =5~ @ 13 & 14 TeV ; 6(bb) ~ 500 pb~! @ 13 TeV [HEP 10(2015) 172]

HCAL
ECAL M5
SPD/PS T
RICH2 M M2
N
\\
pp interaction point =
iy g
|
v Vertex Locator: apv'x/y~10 pm, GPV‘Z~6O pum [JINST 3 (2008) S08005]

v’ Tracking (TT, T1-T3): Ap/p = 0.5 — 0.6% for 5 <p < 100 GeV/c

v RICHs: (K - K)~95% @ misIDrate (r —» K) ~5%

v/ Muon system (M1-M5): (i = u)~97% @ mislDrate (mr - u)~1— 3%
v ECAL: 0 /E~10% /NE ® 1% (E in GeV)

v HCAL: 6, /E~70% /VE ® 10% (E in GeV)
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> Rec, =a ——=
> Using 350 pb™! dataat+/s = 7 TeV e ocic,
DD " LHCb
> Production cross-sections DOD+ do,
................................................................................................................................................................ DD} . #
DODO _ L 2 D+D+ H—e—H
DD+ e g LHCb D+D; H—e—i
o+ - DTAF
Db . SPS '
D*D B [PRD 87 (2013) 074039] | 77 S
D*DF e M [EPIC 60:693-703, 2009] JWD
DA} e ~»; [PRD 57 (1998) 4385] JDT
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, “ [PRD73 (2006) 074021] JApDF
. JAp DO JWAT
4 J/II)D+ | | IIIIII| | | IIIIII|
- JWH DS 1 10 10?
RS JbAS R b
| IIIIIIII | IIIIIII| | IIIIIIII | IIIIIII| | IIIIIIII | 11 0102 [m ]
10! 1 10 10? 10° 10*

v’ Interpreted as g¢¢in DPS 00 cc (1007) 38101

o [nb] v' J/y + open charm: in good agreement
with CDF measurement in multi-jet
production g.¢ = 14.5 + 1.772-2 mb

v 2Xopen charm: closer to 20 mb
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v" Significantly larger than SPS predictions
v' SPS fraction 1 — 5%
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S

More comparisons

o_T(lS)DO
RO/ = Yasme = 194 0.5 (stat) £ 0.1 (syst),
V/s=TTeV
o_T(lS)DO
0 —
R", /D = % — 3.1£0.7(stat) + 0.1 (syst),
V/5=8 TeV
3 T (1S)cc
o
RY(S)ee 0 " (7.7£1.0)%,
V/s=T7TeV oY (15) o= TV
B T (1S)ce
o
RYUS)ec 7 8.0£0.9) %,
/s=8 TeV oY (15) /58 TeV ( )%
T (2S)D°
s=T7TeV
RpCID = gy x Yl = (1345)%,
VE=TTeV
5T @S)D°
5=8 TeV
RIE/TOS _ g8, % W = (20+4)%,
V35=8TeV
O_T(2S)D+
T(28)/7(1S Vs=TTeV
RD-(I- )/X( ):@2/1 X W = (22:':7)%,
VE=TTeV
T(2S)D+
T(28)/7(1S Vs=8TeV
RD-(i- )/X( ):%2/1 X T(ZLST = (22i6)%,
V5=8 TeV
[JHEP 07 (2016) 052]
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v Kinematic distributions of ¥ + open charm
also show good agreement with DPS

Neglecting SPS contribution:
geee = 18.0 + 1.3(stat) + 1.2(syst) mb
v’ Consistent with previous measurements
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e 2X] /1 @7 TeV

>Using 37.5 pb™! dataat+/s = 7 TeV

> Fiducial region: 2 < y//¥ < 4.5, p%ﬂp <10 GeV/c

» Observed with significance > 60
[PLB 707 (2012) 52-59]

L —_————————————— o 600 ————
S b LHCDb N LHCb
S > F
S ) Vs =TTeV aChRs b) Vs =17TeV
o 8- o -
N i N 400:—
| sk Raw yield | Wk Efficiency-corrected yield
PR 141+ 19 I 672 + 129
+ | + I —
2 |2 A ; 2 | 2 200f -
~— | + ~— | + - N
T2 E _+_ ] T2
S SEE 7 3w
© T A e e T
03 3.05 3.1 3.15 32 03 3.05 3.1 3.15 32
2 2
Miru-),  [GeV/e?] M),  (GeV/c]

c2:|
[55)

nb
1 GeV/

»gl/VWI/Y =5141.0+1.1nb

v oppe =~ 3.8+ 1.3 nb; 0. = 14.5 mb
DPS - eff [PRD 56 (1997) 3811]

»Not enough events to disentangle 0.5$ ++ e -
T = el = = I

SPS and DPS contributions
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2XJ/Y @ 13 TeV  New!

»>Using ~279 pb~! dataat/s = 13 TeV

> Fiducial region: 2 < y//¥ < 4.5, p{ﬂp <10 GeV/c

» Cut-based selection
» Efficiency estimated using simulation & data

»Signal yield obtained from simultaneous fit to the efficiency-corrected 2D
(M(ut u7), M (usps)) distribution

(\/l;\ rr—rr—rorrrrrororrerer T —E (\/l;\ f— 7T rrrrorrrerer T —f
> :(5)88 LHCb prelimi +haa 2> :388 = LHCb prelimi + o
o preliminary —Total fit ~ § 2V prefiminary — Total fit 3
53500 EIy +Ily, % 3500 Iy Hly,
<3000 ——bkg+ify, 5 3 3000F —-bkg+l/y 3
8 2500 Iy +bkg 5 g2s005 T Iy +bkg
= 2000 Ibkg+bkg 3 g 2000 & | Ibkg+bkg =
= 1500 | 4 S1500F E
O 1000 £ , F R © 1000 & H
3000 3100 3150 320 3150 3200

M(pp) [MeV/e?] M(uip) [MeV/c’]

[LHCb-PAPER-2016-057]

»a(J /Y] /) =13.5 + 0.9(stat) + 0.8(syst) nb
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Comparison to theory

e

o(J /) [nb)

[PRD 94 (2016) 054017]

[CPC 198 (2016) 238]

[PRD 84 (2011) 054012]

[PRD 94 (2016) 054017]

[CPC 198 (2016) 238]

Approach
no pr-cut pé/q’b T > 1GeV/e pﬁfw T > 3GeV/e

- LOCS 1.3 +0.1732 — —

LOCO  0.45+ 0.09F}42+02 — —
SPS 4 LOkr 6.35 16158 5.7 2. 755710

NLO* CS’ — 4.340.1599 1.6+ 0.1733

L NLO*CS” 154 42.219 14.8 +1.775 6.8 4 0.61%
DPS 8.1+0.9718 7.54 0.8715 4.9+ 0.5
DATA 1354+09+08  120+08+08  74+06+05

DPS: assuming g = 14.5+ 1.7117 mb [PRD 56 (1997) 3811]

»L0O CO : contribution very small
»LO CS/ NLO* CS’ : need DPS contribution

»LO kt and NLO* CS” : uncertainty quite large;
consistent with measurement within uncertainty
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Differential cross-sections

T T T T

DPS

LHCDb preliminary

Q -
~ -
2 % 6 0 -—--- SPS: LO kt
= ————— SPS: NLO* CS'
5 :_. _____ SPS: NLO* CS’<’,(T>=O5G,3WC
g. E ———-SPS: NLO* CSI(/kT)=2GeV/c
5|2 45 E———=5PS: LO COxp)=05Gev/c
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Differential cross-sections (cont.)
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- ) . £ " = *,
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: m:[’ SPS LO CO(kT):ZGeV/c : 25 E_ * »
10— o 20
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Sk S St . 0 T {
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DPS contribution
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N

> DPS contribution essential for the region |Ay| > 1.5
> Compatible with expectations for g.¢ = 14.5+ 1.772-7 mb
» Much smaller g.¢ values are disfavoured

30

25 t

20

15 ¢

10 |

CMS (Jhy+Jhy, Lansberg-Shao)
—— AFS (4 jets - no errors)
UA2 (4 jets - lower limit)
CDF (4 jets)

CDF (y + 3 jets)

DO (y + 3 jets)

ATLAS (W + 2 jets)
CMS (W + 2 jets)

DO (Jhy+Jhy)

—e—

+——

o|.1 1
Vs [TeV]

» Comparisons with pr(J /Y] /) > 1 GeV/c or 3 GeV/c give same conclusions
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% Summary & prospects

»DPS is explored at LHCb through several processes

»Relevant DPS contributionis observed in
v ]/ + open charm & 2Xopen charm
v'Y + open charm

»Indication for DPS contributionin 2XJ/Y @ 13 TeV

»Prospects

v'Still a lot to be analyzed with Runl data

* Update existing measurementswith more data
* New channelstolookinto:Y + J /Y, 2XY etc.

v'Runll isin progress

* New energy scale:y/s = 13 TeV
* More statistics expected: Liyy = 5 fb™?!
 Possibility fortriple-parton scattering?

Thank you!
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Back up
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% DPS formula

|
| + (50.02

7Q,Q;

Z [(7'.\'](7'.\'2(/.\"]d.\';_dzbldzbgdzb
ikl

. . WA /.. I AGhH i 7 N \
Xlr,'j(.\l..\p_.bl,bz‘(rik (.\1..\1 )(T” (.\2..\zll"k,(.\]..\2.b| — b, bp_ - b)

Generalized double parton PDF

SPS parton-level cross-section

» Assumption 1: factorization of transverse & longitudinal components
Fij(x1:x2:b1»b2) = Dij(xpxz)Tij(bLbz)

» Assumption 2: no correlation

D;; (x1,%3) = fi(x1)fj(x2)» Tij(bpbz) = Ti(b1)Tj(b2)
=> Pocket formula 1

00,90,
99,0, = :
12 1+ 5Q1Q2 O off

v" Also valid for differential cross-sections
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