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Inclusive Scattering DIS at HERA at low X

ZEUS

Diffractive Scattering

expectation before HERA

~0.01%

seen ~20% at Q%?=4 GeV?
~10% at Q2% = 20 GeV?

820 GeV
920 GeV




DIS Reactions
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Rapidity Gaps
AY = In(W?/M2x) =An

M

Forward protons
with xL = 1-xip > 95%
xL ~ longitudinal
fraction of proton
momentum

Inclusive variables:

Q? - virtuality of the incoming photon

W - CMS energy of the incoming photon-proton system
X - =Q2/W?

Diffractive variables:
Mx - invariant mass of all particles seen in the detector
;f.jjj t - momentum transfer to the diffractively scattered proton ragt



Partons vs Dipoles at low-x

Infinite momentum frame: Partons

° . F2 measures parton density at a scale Q°

—_—
/%)T % ef rq(z, Q?)

Proton rest frame: Dipoles - long living quark pair interacts with

the gluons of the proton dipole life time = 1/(m) x)
=10- 1000 fn at x = 102 - 10-*
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for small dipoles, at low-x, dipole picture
is equivalent to the QCD parton picture

Oqq ~ r* xg(x, Q%)



Low-x phenomena in DIS give access to the properties of the gluon
density

e rise of F2 with decreasing x (this talk)

e diffractive reactions ( A. Valkarova talk)

€ Optical Theorem =2

p

x doY P—=Vp - =
o) P = /\If*gqq\p d o~ ‘/de\IJ’{/\IJezb'A
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The same, universal, gluon density describes the properties of many
reactions: F,, F., inclusive diffraction, exclusive J/Psi, Phi and Rho

production, DVCS, diffractive jets
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Diffraction as a shadow of DIS
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Determination of Gluon Density in pdf's

g i z ‘ E O BCDMS * HI1 9697
6D is determined from the increase 2 r FZ A E665 ¥V HISVIX9S
é 5 S L 0 SLAC  * HIISR (prel.)
of F2 with x and Q?in low-x region .t Q=3|| e o s
N 150 m ZEUS SVTX95
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Determine pdf's densities from the 5 5 i+ _____ -
X2 fit to the data 1.25 ‘ \. {t “%\t iii — ;:Ts (R(;e::e/;np)

Fa(z.Q J=L %[}'_".Cg(g:a,)q‘-(:::Q’J-i-co(z:ngg(ﬂzQ’J]

Galz. o) = & [3(1 — 2) + e fa(2)]

Cylz. ) = e fp(2) beyond LO

Who? ABM, MSTW, CT(EQ), HERAPDF, (6)JR, NNPDF
How? Start from parametrized form of g(q)(x,Qo°) at Qo 1-7 GeV?
use N(N)LO DGLAP, MSbar factorisation, Heavy quark scheme



HERAFtter PATA

DIS (HERA and fixed target..), Drell-Yan processes (fixed target)
High Erjets (Tevatron), W,Z rapidity (Tevatron)
vN dimuon (CCFR, NuteV)....

HERAPDF 1.0 uses combined H1 and ZEUS HERA | xs data
HERAPDF 1.5 uses, in addition, combined HERA charm data ..

— H1 and ZEUS

Excellent test reaction 2 el
p = [ Charm + HERA-l inclusive (a)
W, Z production at LHC L [ s
| e RT optimised opt
c 62 L === ACOT-ull * M
‘ S-ACOT-
q 60 B ZM-VFNS

correlation between McT and g(x,Q)1
known also fr'om dlpole sa'rur'a'hon mv

W, Z production at LHC is -
low-x effect 1.2 E E 18
¢ M, [GeV]




x? function < (DT'F
—» nuisance parameters: 7=

: V=T 2 5005
o™ ' Comelated
. . . . wy ~ Nuisance parameter
— covariance matrix: 7'=2., (D=T)Cov}(D,~T))
— mixed

Various types of uncertainty treatment for experimental data:
— Hessian, Monte Carlo, Offset

Hessian Monte Carlo
Error inflation by a tolerance parameter (nuisance)  MC replica method shifting data cross section
to accommodate inconsistencies between data sets  points randomly within their uncertainties
Fhys.Rew DES (2001) 014013, fhep-sh/0101032] Priys. Rev. DS3 (135€) 054023, (hep-ph'S€03333)
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Various forms of parametrisation ansatz
— HERAPDF, CTEQ style, Chebyshev, bi-log normal

JHEP 1001:10% (2010)  arXv:1202.5246 Prys. Let. 8 €35 (2011) 233

Bayesian Reweighting technique = cors mvisicn

1208, 052 (2012), [arXIv-1205.4024)

— a method to study data sensitivity on PDFs without fitting the data




Heavy Quark treatment in pdf’s

Fixed Flavour Number Scheme - FFNS (exact calculation at fixed order)
Variable Flavour - VFNS (approx. eval.: Mc=0, resums large logs

W I
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VFNS provides consistently better fits than FFNS
=> importance of resummation
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Variable vs Fixed Flavor Number Schemes

# The impact of FFN vs GM-VEN slide from a recent talk of M. Cooper-Sarkar
# Similar trend observed as between NNPDF2.3 and ABMI11: softer large x gluon, harder medium x quarks

R( xg(x, OF)

............

Soﬂnr ln‘h-x ‘luon

Aato to NNFOF23NNLO. CF =10°GaV* -0, =0 118
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These fits are done with the same value of alphas- so the PDF shape change

does not come just from difference of ag(M,)
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Sources of uncertainty

example: HERAPDF

e st. and sys. errors of data

e variation of Qg2

range - 1.5 to 2.5 GeV?
e variation of the Q2cut
range - 2.5 to 5 GeV?

(relatively large

uncertainties of HERAPDF
are due presumably to the
use of HERA data only)
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Percentage uncertainty (68% C.L.)

Percentage uncertainty (68% C.L.)

NNLO % (qq) luminosity at LHC (\'s = 8 TeV)
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from a recent talk of M. Cooper-Sarkar

Study of uncertainties (DESY QCD Workshop, 2nd of Sep. 2013)

e st. and sys. errors of data (red)
e variation of Q¢?, range - 1.9to 2.5 GeV? (green)
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» behaviour of gluon density at large x and/or large Q2’s is
strongly correlated with its behaviour at small x and small Q?’s

T—
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Study of uncertainties

e variation of the Q?%.t, range - 2.5 to 5 GeV?(yellow)

(most of the effect is coming from the change from
3.5to 5 GeV?)

" Q’ =10000 GeV’

.’f I 3 3
l-.; ‘\s :': /
K m—
'“o‘ 0’ 0 10* 1 :
1 1 1 x 0 10° 10° 0 _ 1

» behaviour of gluon density in the saturation region could be
correlated with its large Q2 behaviour

more investigations are in progress, wait for HERAPDF2.0 which
will also use HERA Il inclusive combined data

A — D—
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Strangeness suppression at low-x?

dimuon production in vN DIS suggested that s/d ~ 0.5

this was accepted by e.g.: MSTWO08, NNPDF2.3, but contested by CTEQ
(also difficult to understand in the dipole picture)

this is a 4% effect at LHC, could we see it?
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Drell-Yan at LHC
(a potentially very interesting

& reaction for low-x physics) p o/
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f top production at LHC

test of gluon density, as(Mz) dependence
f and top mass

S
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top production is also very sensitive to top mass, which in turn
determines the running of the Higgs potential to high scales,
which in turn determines the stability of our universe



Higgs production

Higgs xsection is strongly dependent on the
gluon density and as(Mz), as the top xsection
but at smaller x
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ATQ2=1 9 GeV2

LHC m»
1.2 [.LHC+HERA m
LHeC(just incl.)
1.1
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< conclusions
i{)
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