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Introduction

PDFs are essential for precision physics at the LHC and other hadron colliders:
o Low x: standard candle processes, W, Z production
o High x: production of new heavy particles, study of their properties

=>» Separation of PDFs is important

DIS is best tool to probe structure of the proton:

o Processes:

NC: ep—e'X

CC:iep—-v X

o Double Differential cross sections:

ve
e
‘W
p f‘\——-""}x
T

Kinematic variables:

— _q2 — —(k o k?,)2
Virtuality of the exchanged boson
Q2

. 2p - q Bjorken scaling parameter

Q2
X

Yy = P-q Inelasticity parameter
p-k 2

s=(k+p)?= o Invariant c.o.m.

d’c(e*p) Q*z 32 Y_ F2 dominates
2y _ _ oy Y 2y . ¥— 2
or(z,Q%) = dzdQ® 2702, Fy(z, Q%) Y+FL($’Q ) F Y+93F3(:1:,Q ] |- sensitive to all quarks
xF3
o sensitive to valence quarks
Fu

o sensitive to gluons
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"%@ Kinematic range of LHeC

Scenario B: (Lumi e*p = 50 fb'') 8 JRAAALL BB BELALLL B
Y a8 [ Atlas and CMS
EP=7TeV’ Ee=50 Gev’ P0|=io°4 Ef lﬁ [ Atlas and CMS rapidity plateau
o) Kinematic region: :}llu 7 E= D0 Central+Fwd. Jets
. 2 < Q2 < 500 000 GeV2 ) ; CDF/D0 Central Jeta
. 0.000002 < x < 0.8 S
Scenario H: (Lumiep = | fb) 10°g =
2
Ep=I1TeV, Ee=50 GeV, Pol=0 1040 o
o Kinematic region: 03 — S
+ 2< Q%< 100000 GeV? ; vy |
+ 0.000002 < x < 0.8 102 LHeC
M =10 GeV ‘ M | o~
10 M
Typical uncertainties: il HH‘H
o Statistical <I% 1 e -
it ranges from 0.1% (low Q?) to 45% 10 ! L Il -

hi heStX 2 CC .IrIIII-r||.III|IIII|‘I III|III|‘1IIIIII||.I|IIIII||.IIrIIIII|-1III|II§
(g ’Q ) l[]'? l[ll[i l'[]5 ng lﬂ3 ll]z IDI 1

o Uncorrelated systematic: 0.7 % v

o Correlated systematic: typically 1-3 %
(for CC high x up to 9%)
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Settings for the PDF determination

o Data:

Published HERA | (NC, CC e*p data, P=0)

+ Kinematics of HERA data: 0.65>x>104, 30 000 >Q2%>3.5 GeV?

LHeC data: NC e*p, NC, e'p, CC e*p, CC ep postive and negative polarisations P=10.4

Fixed target data from BCDMS
Q?_. =3.5 GeV? (and W2>15 GeV? for BCDMS data)

Uncertainties are estimated using Hessian method cross checked against MC method

o Theory: Same settings as for HERAPDF 1.0 has been used [JHEP 1001:109, 2010]:

NLO DGLAP [QCDNUM package], RT scheme
Fitted PDFs:

Uya/,dva/,g,U = D+ Z',ﬁ: a+ S‘ 'xg(x)
- Xu,(x)

* Sea S(x)=U(x)+D(x)
« Strange s(x)=fsD(x)=d(x)fs/(1-fs) xd,(x)
with constant fs=0.3 | at Q,2=1.9 GeV?2 xU(x)
xD(x)

+ Impose the fermion and momentum sum rules

AyxB(1 = x)%,

Ay, X% (1= 0% (1+ E,x°),
Adl,dev(l — x)Cdv,

AgxPo(1 - x)‘e,

ApxBo(1 — x)°p,

+ One B parameter for sea and one for valence
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‘@I@ Impact of LHeC on PDFs: gluon

* Experimental uncertainties are shown at the starting scale Q?=1.9 GeV?

xglu(x)

rel. unc.

. 2 2 .
HERAPDF1.0 settings, Q"=1.9 GeV", Experimental Uncert. HERAPDF1.0 settings, 0%°=1.9 GeV?, Experimental Uncert.
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Based on simulated data, impressive capability for LHeC to constrain gluon:
o At low and high x

Voica Radescu DIS 201 | Newport News 5



2

Impact of LHeC on PDFs: u valence

* Experimental uncertainties are shown at the starting scale Q?=1.9 GeV?

HERAPDF1.0 settings,

0.25
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0.1
0.05

Xlya (X)

0
-0.05

unc.

-0.1

rel.

-0.15
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le-05

Q2=1.9 Gevz, Experimental Uncert.

HERAPDF1l.0 settings, Q2=1.9 GeVz, Experimental Uncert.
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0.4

Uitve mupga] ey

.
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I+BCDMS+LHeC (B) Coooe)
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0.001
X

0.01

= Similar improvement also for u valence (linear and log plots are shown)
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'ﬁ@ Impact of LHeC on PDFs: d valence

* Experimental uncertainties are shown at the starting scale Q?=1.9 GeV?

HERAPDF1.0 settings, Q2=1.9 GeVz, Experimental Unceri HERAPDF1.0 settings, Q2=1.9 Gevz, Experimental Uncert.
0.25 T T 0.4 T T T
HERA I HERA I E===2d
0.2 I+LHeC (B) 0.3 F HERA I+BCDMS mmmam
. I+BCDMS+LHeC(B) e
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—_ ” . |
£ 0.1 5 |
o 0.1 I
g 0.05 g | g
!.; 0 (; 0 ] T\}\\:\\\\\\\:‘A\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
a I
c |
5 -0.05 7 0.1
. '_| |
— 0.1 g i
3 u -0.2 |
-0.15 |
-0.3
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le-06 le-05 0.0001 0.001  0.01 0.1 o o0.r 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

X

= Similar improvement also for u valence (linear and log plots are shown)
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Impact of LHeC on PDFs: sea = 2(usea+dsea)

= Beautiful reduction of the uncertainties given the precision and kinematic span of
the LHeC simulation.

HERAPDF1.0 settings, Q?=1.9 Gev?, Experimental Uncert

0.25
0.2
0.15 f

2x ( usea+dsea )

-0.05

XSea(x)

-0.1

unc.

-0.15
-0.2

rel.

HERA I+LHeC (B+H) Come)

HERA I G
HERA I+LHeC (B) mwwm

-0.25
le-06

le-05 0.0001 0.001 0.01

X

rel. unc. xSea(x)

HERAPDF1.0 settings, Q2=1.9 Gevz, Experimental Uncert.

0.4

HERA I [EE=E3
i HERA T+BCDMS M
HERA I+BCDMS+LHeC(B) =557

Accurate high x sea is important to study production of heavy particles at the LHC, e.g. Z'
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Unconstrained setting
= Usual assumptions for light quark decomposition at low x may not necessary hold.
= Relaxing the assumption at low x u=d , we observe that uncertainties escalate:
HERAPDF1.0 settings, Q%=1.9 GeV?, Experimental Uncert Unconstrained sea Fit, 0Q?=1.9 Gev?, Experimental Uncert.
_ 0® " HERA I == ' T ~ . HERA T
& 0.2 F HERA I+LHeC (B) wwwmm 8 HERA I+LHeC (B)
o HERA I+LHeC (B+H) Cons) .
ts 0.15 T
g 3
5 0.1 s
v »
S 0.05 Iy
% X
% oo :
@ -0.05 %
+ -0.1 0
0 S
5 -0.15 ?
M —
:‘.3 -0.2 o
-0.25 ' ' } ' : le-06  1le-05 0.0001 0.001  0.01 0.1

le-06 le-05 0.0001 0.001 0.01 0.1
X

X

o One can see that for HERA data, if we relax the low x constraint on u and d,
the errors are increased tremendously!
o However, when adding the LHeC simulated data, we observe that uncertainties

are visibly improved even without this assumption.

Voica Radescu DIS 201 | Newport News 9



Impact on d/u ratios

Standard decomposition:

rel. unc. d(x)/u(x)

HERAPDF1.0 settings, Q2=1.9 Gevz, Experimental Uncert.
0.25 T

HERA I

R
0.2 b HERA I+LHeC (B) wemmm
HERA I+LHeC (B+H) =
0.15 |
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0.05 F
0 .............
-0.05 F
-0.1F
-0.15 F
-0.2 F
~0.25 ) . . . .
le-06 le-05 0.0001 0.001 0.01 0.1
X

Unconstrained sea decomposition:

d(x)/u(x)

unc.

rel.
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Unconstrained sea Fit, Q2=1.9 GeVz, Experimental Uncert.
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X
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rel. unc. d(x)/u(x)

rel. unc. d(x)/u(x)

HERAPDF1.0 settings, Q2=1.9 Gevz, Experimental Uncert.
1 T

HERA I B ' '
L HERA I+LHeC (B) mwwmm
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0.3 0.4 0.5 0.6 0.7 0.8 0.9

Unconstrained sea Fit, Qz=1.9 GeVz, Experimental Uncert.
1

HERA I =omd
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m Precise Alphas from DIS at the LHeC

= Strong coupling from DIS processes still seem to prefer smaller values

o Recent results from HERA show that even with precise HERA data one has to rely on

jet measurements in order to constrain gluon PDFs

H1 and ZEUS (prel.) _
20 ]
£ £
NRE ~-- HERAPDF1.5f |3 iaaaaat
rf Quarkonia (lattice) e
S |
10— E Y decays (NLO) U
2 |
s DIS F, (N3LO) @:
14
S /5 DIS jets (NLO) o
----- w |
0 e N AT g ete jets & shps (NNLO) ——C+—
T TSmemssescee=s === o |
PR I T TR N NN TN TS N T TN T TN T T SR S N SR SR SN NN SN S 1 % LT'EE'].TU'J'- tllk. [111.5 '\13[_':'_,' |_|'|:}_|
0.114 0.116 0.118 0.12 0.122 0.124 0.126 N !
o (M) e’e” Jets & shapes (NNLO) —0—
S\ |
0.11 0.12 0.13

o5 (M2)
" Therefore, the determination of the strong coupling at the LHeC could solve this
ambiguity.
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M,i@ Summary

Presented an impact study of the LHeC on PDF based on settings used for HERAPDF fits.

LHeC could provide stringent constraints on PDF both at high and low x:

o mix of high/low energy improves precision by better coverage at high x, hence better
flavour decomposition.

LHeC could also address the question of the strong coupling from DIS inclusive data.
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Backup

= Standard vs Unconstrained settings (HERA 1)

Comparison at the starting scale Q,2=1.9 GeV?
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= PDF uncertainties are estimated using Monte Carlo method [arXiV:0901.2504, p 41-42]
o RMS of ~100 MC replicas of the data represents the PDF uncertainty
= Uncertainties increase considerable for the unconstrained low x sea PDF case!
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HERA | vs HERA I+l data (DISS PDFs
Comparlson at the starting scale Q,*=1.9 GeV2

xG(x)

i

xdsea(x)

e o 6 0
o N B » @

0
10 10 10 %0

i X i m
10 10 10 10 il 10 1010 %10~ X 10 10 %10 *10™

Voica Radescu DIS 2011 Newport News 14



‘”ﬁ@ Effect of the unconstrained fit (using HERA data)

W- W+ Z

rrrrrrrrr

Propagate experimental o o
uncertainties of PDFs to | 00%f — HERAPDFI.0 {100% — HERAPDFI.0 ;

W.,Z cross sections via MC == Unconst. PDF == Unconst. PDF
technique:

o Observe rise in the
experimental 10% |
uncertainty in the
platform region up to
5% for the
unconstrained PDF set 1%

o Measurements of W, Z

may constrain better
u/d at low x.

e o

0%}

| %:| \/\ /\/ )

ol% L. . . . 101%
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"m* Uncertainty treatment in the fit

* The impact of the LHeC data is studied at the level of the experimental uncertainty
= Monte Carlo techniques has been used to evaluate the experimental uncertainties:
© Method consists in preparing replicas of data sets allowing the central values of the cross

sections to fluctuate within their systematic and statistical uncertainties taking into account
all point to point correlations [A.Glazov and VR, HERA-LHC proceedings, arXiV:0901.2504, page 41-42]

© Shift central values randomly within the uncorrelated errors assuming Gauss distribution
of the errors:

g = (T,'(l } dyncorr[l),/h\"l),')

© Shift central values with the same probability of the corresponding correlated systematic
shift assuming Gauss distribution of the errors:

N:(ys
oi = 0i(1+ 6" "RAND; + Y _ 6% RAND;)
i

© Preparation of the data is repeated for N times (N>100)
© For each MC replica, NLO QCD fit is performed to extract the N PDF sets

© Errors on the PDFs are estimated from the RMS of the spread of the N curves
corresponding to the N individual extracted PDFs
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