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General Introduction and Motivation

Proton-Proton

¥low-x (D production)

S CHS A Y S

¥high-x (top production, W+jets)
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¥constraining Cold Nuclear Matter effects
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PDFs ( DGLAP evolution)

The Approach

Hadronisation (PS)
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The Approach
PDFs ( DGLAP evolution) Hadronisation (PS)
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Constrain PDFs by measuring many process dependent cross sections
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P1 b3
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pp—CCT, \s =7 TeV
O—""'

- p_(D%) <8.0 GeV

A Jocyo<as S

Ioglo(xz)

F <x> = 1.8e-02 : 5 g
"2 <x > = 4.66-05 1 —

X1,(2) =

. OW-X

Ti : fraction of momentum!

Yi : rapidity! log, ()
g . partonic COM!

ITIT ; transverse mass

m.! 1.5 GeV Moderate-x

LHCb acceptance, 2.0<y(D°) < 4.5
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P1 b3
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‘ForwardO LHCb acceptance, 4.0<y (D% < 4.5
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Summary of introduction
LHCDb simultaneously sensitive to low- and high-x

Large-x constraints:
- g/g distributions important for NP searches

- Interplay with nuclear physics

Low-X constraints:
- study DGLAP/saturation at low-x
- Input for atmospheric neutrino 3ux

NNPDF 3.0 nlo, _S(mz) =0.118, 1nCL gluon PDF, _s(mz) =0.118, 1nCL
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Proton-Proton
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Candidates / (3 MeV/c?)

7 TeV measurement - arXiv: 1302.2864

pp! D+ X
2.0<yp < 45
Dpr < 8.0GeV

Mass requirement

I Complete fit + LHChH -
: m Secondary bkg.

Combinatorial bkg.

---------

......

18 1.85 1.9
m(K ! *) [GeV/c?]
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Measurement performed
double differentially in: pt,y




PDF Uncertainties smallest

Scale Uncertainties smallest
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d2r dzr - Normalised Differential!

. Cross-section PDF Uncertainties smallest
dy dpr dy dp]' Pt = max,y = min Scale Uncertainties smallest
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Ratio to LHCb Data

Normalising 7 TeV data

bkt bt

Data Point Ind Data Point Index
Not-normalised, ! Normalised, !
data on the high side generally good agreement!

d*! 0?0 /dZJref
aydpr dydpr / dydpr
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Results of including data

RG, J. Rojo, L. Rottoli, J. Talbert - arXiv:1506.08025
1) Normalise LHCDb differential charm data to high-pt , low-y bin

2) Reweight the 100 replicas based on compatibility with LHCb data!
(here we use the FONLL predictions obtained from public web interface)
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http://arxiv.org/abs/1506.08025

Comparison of HERA+LHCDb data

PROSA Collaboration analysis - arXiv:1503.04581

Q%= 10 GeV?

o
o
I —

Similar analysis, earlier
performed by PROSA.!
|

| PROSA FFNS HERA
PROSA FFNS HERA + LHCb
I NNPDF3.0 + LHCb FFNS (Nf=3)

S
o
T

Differs in approach:
¥ HERA+LHCb Data PDF bt
¥ FFS, NF=3

¥ Normalise to Omiddle rapidity
bin for each pT bin

¥ HERAPtter framework

gluon distribution

N
o
T

Consistent Results!!

relative uncertainty
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http://arxiv.org/abs/1506.08025

New 13 TeV LHCb data already

LHCDb 13 TeV analysis - arXiv:1510.01707
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FONLL: Cacciari, Mangano, Nason - arXiv:1507.06197
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Using the PDF with LHCDb data for astrophysics

In progress RG, J. Rojo, L. Rottoli, S. Sarkar, J. Talbert - arXiv:1511.XXX

prompt neutrino Bux background to extraterrestrial neutrinos
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Top at LHCD

wW* 1 @
Doy
b! jet
I '
e WE
See talk of Victor Coco - Wednesday morning! bl Jet

Top measurements proposed - Kagan, Kamenik, Perez, Stone arXiv:1103.3747
PDF Constraints and SM asymmetry predictions - RG arXiv: 1311.1810, 1409.8631
Observation of forward top quark production - LHCb arXiv: 1506.00903

Approach same as D - reconstruct “oneO of the heavy quarks
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Top at LHCDb: Potential at 14 TeV

POWHEG+Pythia8 (NLO+PS), Signal+Background stacked!
b-tagging : 1% mis-tag, 70% efbciency muon: 75% efpciency !

\'s =14 TeV (5fb™
1 1 1 1 I 1 1 1

50 100 150 200
RG arXiv: 1311.1810 ™M(t,)[GeV]

— W, bp_ >20, 60 GeV 1 ]

_ M, D P —3\22;,85/501% _ t ﬂ| Ii bX
T am 14 TeV

T Zbjets -

] | e E 20<! (I,b) < 4.5
3 1 pr(b) > 20/60 GeV
3 T 2 | R(I* ,jet) ! 0.5

25 Cuts slightly different to !
Run | measurement

High statistical precision expected within 1-2 year of data taking
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Top at LHCDb: Potential at 14 TeV

Consider impact of a bducial cross section measurement on gluon PDF

CT10wnlo 1m = 0.118
40 || || || || I || || || || I || || || || I || || || || I || || || || I || || || ||

35 Q% = (80 GeV)?

——— CT10wnlo (4% LHCb)
30 CT10wnlo (6% LHCb)
25 —— CT10wnlo (8% LHCD)

Reduction of gluon PDF error (%)

1 1 I 1 1 1 I 1 1 1 I 1 1
0.1 0.2 0.3 0.4 0.5 0.6
RG arXiv: 1311.1810 X

Only parton-level. So actual measurement more constrainingE!
I

Actual Pt would need to be performed at lepton+jets level
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d/u

u (d)

Motivation:!

probe the large-x u/d content!

Electroweak+jets

' . 2
Cuts on jet increase Q°, X1, X2
1.0 T T Y T
| BN CJ15(T=10) R — '_t
0.8/ MMHT14 _ | g
0.6_ DDDDDDDDDDDD
0.4} : eﬁubn:a}:ii323igifiijij§:;;; eeeeeeeee
U
Melnitchouk - QCD@LHC15
%35 0.2 0.4 0.6 0.8
X 26

W™ (u)..

jet

A d iy L od R dd

Cdlidr +dr e idn

CMS at 8 TeV

arXiv:1403.7366

this work
ABM12
CT14
CT10
MMHT
NN30
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2 2.2

Alekhin, Blumlein, Moch, Placakyte - 1508.07923



Relative uncertainty (%)
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2.0<! (I,]) < 45
pr(l/] ) > 20/ 80 GeV

| R(I* ,jet) ! 0.5

PDF uncertainty
Scale Uncertainty
¥ Fixed-Order
¥ LHCD ‘stat uncertaintyO

<L 0.6

Stat. Uncertainty, " dt=5/50fo™

| xfy(x,M ) Unweighted

! xfd(x,I\/I\ZN) Reweighted - 5ifb+1%sys.
-------- | xfy(x,M ) Reweighted - 50ifb+1%sys.
| xfy(x,M ) Reweighted - 50ifb+2%sys.
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04:_ _+_ LHCb Stat. Uncertainty I Ldt=5.0f"  PL>20GeV, 2 94p,j) <4.5 _:
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0.2 o
0. p, > 80 GeV -
ok S.Farry, RG - 1505.01399 -
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0.
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Study the impact on NNPDF3.0
Relative improvement in d PDF
Different stat./sys. assumptions

Y% (x=0.7,m§)
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Sensitivity to high-x nuclear corrections
Approach of CT-JLAB (1212.1I702), bt proton + deutron DIS!

neutron DIS: more data at high-x + higher-twist corrections

NNPDF

Plot of A(CJ12)- AINNPDF)!
|

Note, Red vs. Black points!
(nuclear corrections)

A - A

At high * , can distinguish
between CJ12min/max

0.2

0.15

_+_ LHCb Stat. Uncertainty “'Ldt = 5.0 ft"

NLO aMCatNLO + PYTHIAS 4
%M. ) =0.118

P! >20GeV, 24 (1)) <4.5 -
T |—.=

Modelling the binding in Deuteron
Min : WJC1 - see arXiv:0802.1552 [nucl-th]
Max : CD-Bonn - see arXiv:0006014 [nucl-th]!
(extracted from N-N scattering < 350 MeV)

28
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P-Pb collisions
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|s the distribution of partons the same in bound and free nuclei?
A 2\ — DA 2 f 2
1:i (X’HF)_ Ri (X1|J'F)! firee(x1uF)

Nuclear modibcation of PDFs, !
extracted from data! e.g.:!

|

NCTEQ15 - arXiv 1509.00792!
EPSQ09 - arXiv 0902.4154!
DSSZ - arXiv 1112.6324!
HKNO7 - arXiv 0709.3038!

1.5~ antishadowing ~ Fermi-
- motion
VN I :
1.0 feoeerrnninnnnnn Ao, SIVPI NP
< o I
v . :
0.6 /-
Yo shadowing
0.2 - Xq Xe
i ] ] ||||||| ] ] ||||||I ] ] |||I||
10° 10° 10" 1
30 XL

-Ye



p-Pb collisions

Is the distribution of partons the same in bound and free nuclei?
A 2\ — DA 2 f 2
fi (X’HF)_ Ri (X!“F) | 1:iree(xil"lF)

1s | — nCTEQ15|
Nuclear modibcation of PDFs, ! 6 |
extracted from data! e.g.:! 1.4 | — HKNO7
, S
. s 1.2+
NCTEQIS - arXiv 1509.00792!  «, ... 9on
EPSO09 - arXiv 0902.4154! Sy a
DSSZ - arXiv 1112.6324! ~od
HKNO7 - arXiv 0709.3038! L]

02 Q =2GeV

31 0.0 ——




|
pAl Q@ = A dXij fip (Xi,H%)Rjr}XC bt (X] ey
N

" i 2 2 2 $
d6; 1 oex O ME. HR.#s(MR). Mg + ...
Double differential within LHCb acceptance - RG arXiv: 1508.07629

. |1
n pP b n P bp pr Ldt =1.1nb

dx dx dx Pbp Ldt = 0.5nb'
OE _'"'I'"'I""I""I""I'F;_I'Dk')l""I(')"'I""I""_ O’D\ B N LI |'I'p_F;b' o
v|_1.2__ dR,, _ d = "/dp_(D") — = 1.2 dR,, _ d ™ dy_ (D) —
s dp_(D°) d! "*P/dp_(D’) 1 S ¢ dy(D°) d "Prdy_ (D°) ]
o — 1 B it —
& T 1 5 .
o - — ] - i
0.8 = sssssmssmmmommmemiisis— 0.8~ ]
0.6 RG - 1508.07629 E 0.6 RG - 1508.07629 E
B ISp=5TeV, 247<y_ (D" <4.03 _ B IS, =5TeV, p_(D°)>1Gev _
0.4 NLO, EPS09 + NNPDF3.0LHCh B 0.4 NLO, EPSO9 + NIPDrS.0LHCD B
N — — Total uncertainty, 1! CL i _ — — Total uncertainty, L i
02 — - - - = Uncertainty excluding nPDF ] 02 B o Eg?%r;aérétg fXNCHggg;gDF ]
B LO, EPS09 + NNPDF3.0 _ l —— LHCb coverage -
O'....|....|....|....|....|....|....|....|....|....' O' T | T B B |

O 1 2 3 4 5 6 7 8 9 10 2 2.5 3 3.5 4 4.5

p.(D%) 32 y(D°%



1.4
- Pb-Pb s =2.76 TeV M ALICE(0%80%)p ! 0

¢ ALICE (0%-80%),p ! 3 GeVic
1.2 A CMS (0%-100%), p ! 3 GeVic

<

<
Measurements of J/ | suppression!
In Pb-Pb vs. reference pp collisions

ALICE arXiv:1202.1383!

1f

0.8

!

A suppression beyond nuclear ! *, ke +
shadowing observed! 04F ok l

l | Shadowing ?
| - 0.2F Zerctont o

Interpreted otherwise as QGP! - SNTDSg. bl 3Gevic

| — EPSO09, pt! 3 GeV/c

Matsui, Satz Phys. Lett., B178(416),1986 055" 3 35 4 s
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1.4

- Pb-Pb s =2.76 TeV M ALICE(0%80%)p ! 0

¢ ALICE (0%-80%),p ! 3 GeVlc
A CMS (0%-100%), p ! 3 GeVic

<

<
Measurements of J/ | suppression!
in Pb-Pb vs. reference pp collisions :

ALICE arXiv:1202.1383!

1]

| 0.8 T
A suppression beyond nuclear ! iy, i ;
shadowing observed! 04F ok |
| I Shadowing ‘
' . 0.2F Zirete 1o 1
Interpreted otherwise as QGP! S, 3G
Matsui, Satz Phys. Lett.,, B178(416),1986 0555 "3 35 4 s
y
m e L L L e
X I (a) lﬁgbc\%:mev —4— LHCb, Prompt J/ | 7
1.2 " p_<14 GeVic ]
LHCb forward J/ ! measurement Pb-p ! : :
I Tying
Indicate NLO EPS09 nPDFs alone A i -
underestimate the suppression! I S
B EPS09 LO Ny -
| 0.6 EPS09 NLO —
. B nDSg LO -
Need more data to constrain the nPDFs oal. — Eloss -
[ et S e I TP
0 1 2 3 4 5
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Outlook
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Process measurement type X1 X 2 sensitivity
pp collisions
W * -jets Lepton asymmetry / cross-section large moderate u/d
W * c-jets Lepton asymmetry / cross-section large moderate s/ g
te cross-section large moderate g
t/ © Asymmetry large moderate u/d
dijets Cross-section large moderate g
Q@ cross-section (large Mmoo ) large moderate g
D/B Ratio (13/7) / cross-section moderate low g
Drell-Yan (low my ) Cross-section moderate low q/ @
PPb collisions
D/B Reg [/ cross-section moderate low Rg b
Drell-Yan (low my ) Reg /cross-section moderate low R g,b@

Have not considered Onia+CEP production... someone better qualibed should comment on this.

Thanks for your attention!
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Bonus slides
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Quus | H #H W), B Qus ($*' dr)H B Quud +hc. | i(M DyH)(=p,%d;)
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Taking a bottom-up approachE!

Motivation: interpret Higgs couplings measurements in a robust framework!
see - Progress in Higgs Effective Field Theories (Higgs Couplings 2015), M. Trott

Take for example,

h — b

at one-loop in the SMEFT!
Recelves O(m?) corrections from

Quap = (8 THA0) (A TH D)

LHCb already “measuredO the
differential b-quark pair cross-section
CZAFB _ dO'aSym' /deg

dMyg ~ do™ /dM.g

LHCDb data arXiv:1406.4789
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13 TeV D data from LHCDb

See talk from M. Needham - Heavy Flavour parallel QCD@LHC 2015

LHCb Pr'elim'inarly

POWHEG+NNPDF3.0L+

Low y L 10 s= 13 TeV
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1) POWHEG+NNPDF3.0 reweighted with LHCb 7 TeV data (NLO+LLcoll.) 1506.08025
2) FONLL+NNPDF3.0 (without reweighting), Cacciarai, Mangano, Nason 1507.06197

3) GMVFNS - Kniehl et al. EPJC 72 (2012) 2082 ;
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LHCDb klnematlcs Pb-p
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