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Proton Structure
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Tevatron and LHC

Persistent experimental effort over the last 40 years both by fixed-target and collider
experiments around the world supported by the theoretical developments
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Deep Inelastic Scattering

= DIS is best tool to probe structure of the proton:

o Processes: Kinematic variables:
NC: ep—oe'X CC:ep->v X Q*=—q*=—(k—K)?
Virtuality of the exchanged boson

v, 9

e _Q
. L= 2p - q Bjorken scaling parameter
W .
; Yy = P4 Inelasticity parameter

=N Pk @

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

o Double Differential cross sections:

_ d*o(ep) Q'z 2 y* 2y Y- 2
UT($1Q2) - dﬂ’)dQ2 271_0{2}{'_ — F2($:Q ) _ ZFL(‘,EaQ ):F Y—_I_JJ'FB(:E:Q )

F2» dominates sensitive to all quarks
xF3 sensitive to valence quarks
FL sensitive to gluons
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HERA

- World’s first e*p accelerator and collider

- located at DESY, Hamburg - Germany, in operation for |5 years (1992-2007)

- HI and ZEUS collider experiments:
- general purpose detectors
- ~Ifb"! of integrated luminosity of physics data

Integrated luminosity for H1 physics [ph')

HERAPDFI|.5 <—

. Kinematics is determined with scattered electron or with HFS

. high precision due to redundancy
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Combination of the Hl and ZEUS Measurements
[JHEPOI (2010) 109]

= Ultimate precision is obtained by combining
the HI and ZEUS measurements

H1 and ZEUS
~ 16 ¢
* The combination procedure is performed &y
before QCD analysis using x2 minimisation 5;;) y 0,000 ‘ e HERAINC e'p
+0

> Improvement on Statistical precision: ©

- HI and ZEUS collected similar 12|
amounts of physics data.

» Improvement of Systematic precision: 1 |

* HI and ZEUS are different detectors |
and use different analysis techniques; . |

e The HI and ZEUS cross sections

have different sensitivities to similar |
06

sources of correlated systematic
uncertainty.
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Combination of the Hl and ZEUS Measurements
[JHEPOI (2010) 109]

= Ultimate precision is obtained by combining
the HI and ZEUS measurements
H1 and ZEUS

—~ lfl
* The combination procedure is performed &

before QCD analysis using %2 minimisation
;; 14
» Improvement on Statistical precision: )
* HI and ZEUS collected similar 12
amounts of physics data. A L
» Improvement of Systematic precision: 1 ! | '3 T ;}q‘qﬁf x=0.008
« HI and ZEUS are different detectors o e
and use different analysis techniques; J."' ~s; -
¢ The H'I and ZEUS cross sectiqns. i a _.‘.."
imilar ' N
rave diferencsendties cosmlar g7 T it o

uncertainty.

C RN - T
04 P oOhRRAEAREES S & x=0.08

Before combination, the systematic errors S suseniey > ; x=025

are ~3 times Izarger than statistical for 02 ; 3

Q<100 GeV P
After combination, the systematic errors |

are of same precision as the statistical 1 10 10 10’ 10
errors, reaching |% total precision! Q%/ GeV?
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Combining HERA | and Il Inclusive data

Without HERA || H1and ZEUS With HERA Il Hland ZEUS
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Much more precise CC measurements after including new high Q2 HERA Il set

HERA CC data give flavour information:
o e*p CC process sensitive to dy at high x oie  ~  x@+2)+ x(1 —y)*(d + )

o e’p CC process sensitive to uy at high x Toe  ~  x(u+c)+x(1—y)(d+53)
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Schematics of PDF extractions

Input parameters and flags || PDF parametrisation ™| PDF evolution (DGLAP)

l l

DATA —— 2 minimisation QCD calculation

Error treatment

¢
Output PDFs

o PDFs are extracted from QCD fits to double differential cross section data:
o Parametrise PDFs at a starting scale by smooth functions with sufficient parameters;
o Evolve PDFs to other scales by the evolution equations (DGLAP)
o Compute cross sections for DIS (or other processes) at NLO (NNLO)
o Calculate x 2 measure of agreement between data and theory model
o Obtain the best estimate of the PDFs by varying the free parameters to minimize yx 2
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HERAFitter Open Source QCD Fit package

A common initiative of Hl and ZEUS:

v HERAFitter is a set of PDF fitting tools jointly developed by the HI and ZEUS collaborations for
determination of the parton density functions.

v The current distribution contains a BET A-version of the first code released within the HERAFitter
package, the Hlfitter program.

= HERAFitter package available online at http://projects.hepforge.org/herafitter/

1z} H1 Fast Navigator () watchlive 'ﬁ\‘ All the PAW FAQs ... - Find Your Macintosh . my doctor () CVS: step by step it () Apple &/ Yahoo! » ﬁ Other Bookmarks
VolcaRadescu Settings Logout

Helplndex » HelpOnAccessControlLists » HI1Fitter/H1FitterInternal » H1Fitter/downloads » H1Fitter

Wiki . CResn=EBS
WikiPolicy H1Fitter
RecentChanges
FindPage - =
HelpContents Welcome to HiFitter Project
| H1Fitter H1iFitter is a QCD Fit Package used to determine HERAPDFs and it is part of the HERAPDF project @ https://www.desy.de/hlzeus.
Page | Downloads
fdf't (Text) @ The HiFitter beta release can be accessed here upon registration. Everyone is free to register.
nfo
u bscribe To register, please log in (upper right corner) by creating an account (firstnamelastname) and send your request and login name to &1
Lkl h1ifitter-help@desy.de.
Add Link
Attachments | Getting help
Maore Actions: ¥
[ Send email to Ehi1fitter-help@desy.de

| Developers Info

["/H1FitterInternal”]

CategoryHomepage
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PDF determination at HERA

= HERA PDFs are determined from QCD Fits to solely HERA data

o NLO (and NNLO) DGLAP evolution equations, RT-VFNS (as for MSTWO08)
*  Other schemes were investigated as well: RT (optimal), ACOT (full and ), FFNS

= The QCD settings are optimised for HERA measurements of proton structure functions

Fy(z,Q%) = §(zU + zU) + §(zD + zD)

o PDF parametrised at the starting scale Q,:

Tq, Tyal, Ldyat, tU = zi(+2¢), 2D = xd + :1:§(+:Bl_))
A;zBi(1 — 2)% Py(x)

o Simple Functional form: :qu(a:) —

Where Pi(x) are polynomials in powers of x and only terms

o A - normalisation
o B -low x behaviour
a C - high x behaviour

o D,E - medium x tuning

that bring significant improvement to the fit quality are retained

QCD sum rules:

1
f de - (zuy +2dy, +2U +zD +zg) =1
0

1 1
/d:r'Zu,b.:2 fdm'dt.zl
0 0

Voica Radescu

Additional Constraints:

x5 = f.xD strange sea is a fixed fraction f; of D at 0

BUhar - BDhar
sea = 2 x (Ubar +Dbar)
Ubar = Dbar at x=0
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HERAPDFI.5

= HERAPDF1.5: most precise DIS data, recommended PDF

= HERAPDF sets are based only on combined HI and ZEUS HERA |+l data
with well understood systematics

= eigenvectors available in LHAPDF allows for specific studies (i.e. model variations)

H1 and ZEUS HERA I+II Combined PDF Fit

H1 and ZEUS HERA I+II PDF Fit

1
% : T
[ N LO Q*=10 GeV? ]
i =
L 2
08 —— HERAPDF1.5 (prel.) 08 -
I B exp. uncert. '
E model uncert.

- parametrization uncert.

0.6
04} xg(x0.05)

02

xu,

HERA Structure Functions Working Group

10

. . 0 ...
1 10

* Observe a possible turn over of gluon at low x
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'NNLO

Q*=10 GeV?

—— HERAPDF1.5 NNLO (prel.)
I exp. uncert.

[ | model uncert.
[ parametrization uncert. xu,

HERAPDF1.5f (prel.)

March 2011

HERAPDF Structure Function Working Group
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F, from Low Energy Run at HERA

Accurate measurement in Q2>1.5 GeV? range
from HERA Il low energy runs sensitive to
structure function F, are included in the QCD
analysis on top of the HERA | data:

o Observe sensitivity to the Q2 cut applied

which triggers further explorations of
DGLAP validity at low Q2.

Integrated luminosity for H1 physics [ph ']
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Gluon becomes larger while
the sea decreases at low x
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2
Q* cut dependence study Eur.Phys.C71 (2011)

= Stability of the fit to inclusion of low Q? data is studied by varying the Q2 . cut
Q- | GeV? 1.5 2 2.5 3.5 5 7.5
X2/ naot 824.8/834 777.9/818 748.7/801 715.2/781 677.6/759 626.9/712
—> fit has more difficulties to describe data at the S Erx wicod ..
lowest Q2 values [| T Stac J18
10|« scows witanes
o Change of Q? cut from 1.5 to 7.5 GeV? leads to | - conis' SRR
increase of the gluon 10°F | NTvown 53 ’3 e
| o | — o2 F
= An alternative to the Q2 . variation is a saturaton 10t — Aaz07 LIEEEEEE XM
- S HHHHHHHE
inspired cut on data [F. Caola, DIS2010]: Q° > Agx™* 115 ‘\»L; T i
* With different values of parameters As and lamda=0.3 0F T,;\T‘%‘*% H 1
—> fit quality improves with the increase of A T TR DT e it
f0° 10° 10 10° 102 10"
X
Ag 0.2 0.3 0.5 0.7 1.0 1.5

X/ neos | 709.5/777 696.1/762 643.1/734 617.3/709 594.4/690 554.1/654
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Low x phenomenology with Dipole Models

urPhstC7I (2011)

= At low x and Q? the virtual photon-proton scattering

can be described using the color dipole model:
o Fluctuation of the photon into a quark-antiquark pair

(dipole) interacting with proton
o Dipole has built-in saturation assumption
* Following models have been considered:

@ GBW dipole model:

Fitting parameters: og, A, Xo.

r? x\*
o(x,r?) = og (1 - exp[—m]) R2(x) = (X—o>

p p

1
or1(x, Q?) = / dr /O dzlVr (2, 1) Bo(x, r?)

@ |IM (CGC) dipole model:

No ( 2)75+m\ln(x) ifr <1

2 =0
G(X,f )— 0{ (1 _exp[_a|n2(2b 7.)]) if > 1

T = r/2R0(x)

Fitting parameters: o9, A, Xo.

@ B-SAT dipole model:
2,2 2 2
a(x,r2) = 0p (1 —exp l_vr reas(pc)xg(x, p )D

30’0

xg(x, @) = Agx (1 — x)°°

C
#2=r—2+ﬂg

Fitting parameters: Ag, Ay, Qo.
Fixed parameters: oo = 23.8(mb), C = 1.0, p2 = 4.0.
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Model Comparisons: DGLAP vs DipoEIe

ur.Phys.).C71 (2011)
" To facilitate comparisons with dipole models, fits are performed in the same
kinematic domain:
o X<0.0l [where Dipole is applicable]
o Q?>3.5 GeV? [where DGLAP is valid]
= DGLARP fits:

o However, for x<0.0l region valence quark cannot be determined in this range when
DGLAP fits are performed =» fix valence parameters to values obtained from the fits to
the full kinematic range

DIPOLE DGLAP
Xz/ Rgof
Fit Conditions GBW IIM B-SAT ACOT RT
Nominal fit 718.8/352 397.6/352 424.9/352 | 715.2/781 764.5/781

Q? >3.5GeV? | 559.7/252 259.4/252 261.7/252]
DGLAPyyence | 739.5/252  287.6/252 371.4/252 l248.3/249 288.8/249'

Data not yet precise enough to discern among models
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Model Comparisons: DGLAP vs DipoEIe

ur.Phys.).C71 (2011)
" To facilitate comparisons with dipole models, fits are performed in the same
kinematic domain:
o X<0.0l [where Dipole is applicable]
o Q?>3.5 GeV? [where DGLAP is valid]

= DGLAP fits:

o However, for x<0.0l region valence quark cannot be determined in this range when
DGLAP fits are performed =» fix valence parameters to values obtained from the fits to

the full kinematic range
H1 Collaboration

H1 Collaboration F _
F, [=8 228 8 & 8 ¥ 28 g8 @& ¢| L0428 2 %2 &8 8 &8 % 5 8§ 3 8§ ¢ ¢
0.4 :
j * i 0.3}
0.2 B I~ * - I .-
@ : : | 11
i [ HERAPDF1.0NLO [ MSTWO08 NNLO ! o
[] CTi0NLO ] JRO9 NNLO T QCT:OT lEISIYISAT * H1 Data
o ZEUS M NNPDF21NLO [ ABKMO9 NNLO e
02— ——————— ——z9 2 1J 50
Q2 / GeV? Q?/ GeV?

Low Q2 region remains interesting to be investigated!
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Alphas from HERA

= Addition of the HERA Jet cross section data (NLOJet++/fastNLO) into the fits allows to
constrain simultaneously alphas and gluon

= Comparison of the PDFs with free alphas fit with and without Jet data

H1 and ZEUS HERA I+II PDF Fit H1 and ZEUS HERA I+II PDF Fit with Jets -
= 1 =
. < . . ]
= Free alphas (no jets) Q*=10GeV? %Qi ' Free alphas (with jets) Q?=10 GeV? =
] i g
— HERAPDFL.5f (prel.) = | —— HERAPDFL.6 (prel.) =
0.8 08 [
free o_s | free o_s
I exp. uncert. ) I exp. uncert.
[:] model uncert. xu, :] model uncert. xu,
0.6 [ parametrization uncert. = 0.6 [ parametrization uncert. >
04 & 04 <)
£ : g
: :
5 3
02 é 02 é
B [
g 8
X &
3 <
= &
10* 10° 10° 10 i ! 10 00 100 1o x , Og Scan
c rAs)
N><.é
' --- HERAPDF1.5f
N, 151

— HERAPDF1.6

= HERA data prefer larger value for strong coupling:

S
T

0, =0.1202-+0.0013 (exp)+0.0007 (mod ) +0.0012 (had )’y gose (th) 5

~
~e
~-
-

-
-
-

N R R AR SRR R R

0.114 0.116 0.118 0.12 0.122 0.124 0.126
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Effect of the charm data

=  Addition of the HERA combined F, charm data can help reduce model uncertainty of m_(1.35-1.65):

o Inclusive data show low sensitivity, addition of the charm data have strong constraining power

H1 and ZEUS (prel.) 0 64 i
o, 680 15 = i +
esol- m*(opt)=1.308 = 0.100 GeV .15 ¢ -~ - W (\E =7 TeV)
| HERAPDF1.0 | = = 62~ HERAPDF1.0 + F¥(prel.) }
640+ RT standard 11 @] e -
620_— e flexible param ] : 10/0
: o  standard param __1-05 60? ---------
600 e e N ISPt
I C(_;C‘OQ i = ) et
580 [T LS : ) o A —
T 1 without charm 58 S TL o —
560} ] 4—
g Jo.95 data -
540 1
: | 56
5Ol 1 1309 i —— RT standard
1.2 13 14 15 16 1.7 1.8 i * t I ------ RT optimised
rngodel H1 and ZEUS (prEI.) 54 | 0 Ima m -=== ACOT-full
NX I mz=*(opt)=1.572 = 0.018 GeV | i p PDF ¢ o g;:\ﬁ:(:rs-x
1000~ HERAPDF1.0 + FS(prel.) | 1.6 52 T In | | |
L RT standard | I I I I I I ‘ I I
900 L e flexible param 1 '2 1 '4 1 '6 1 '8
' . o standard param -1.4 m‘r:'l:‘lodel / Gev
800 y ®
i o 1.2
Including charm 700/ ‘. o] * |1% error due to different schemes
data —Jp - rpep 14 ¢ Uncertainty on W prediction due to
600 .
HF treatment in PDFs reduced to | %

el by s by b b 1y e
12 13 14 15 16 1.7 18

mz / GeV
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A summary of PDF sets

Table shows a summary of the current status of available PDFs

MSTWO08 | CTEQ6.6/CT10 | NNPDF2.0/2.1 | HERAPDF1.0/1.5 | ABKMO9/ABMI | | GJRO8/JR09
PDF order LO, LO, LO,

NLO, NLO, NLO, NLO, NLO, NLO,

NNLO NNLO NNLO NNLO NNLO NNLO
HERA DIS v (old) v (old/new) v (new) v (new/newest) | ¢ (new) v (new)
Fixed target DIS | v/ v (4 - v v
Fixed target DY | v/ v v - v v
Tevatron W, Z | v (4 v - - -
Tevatron jets v v v - v v
HF Scheme RTGMVF SACOT GMVFN FONLL GMVFN | RT GMVFN BMSN FFNS FFNS
Alphas (NLO) 0.120 0.118(f) 0.119 0.1176(f) 0.1179 0.1145
Alphas (NNLO) | 0.1171 0.118(f) 0.1174 0.1176(f) 0.1147 0.1124

The analyses differ in many areas:

Voica Radescu

« different treatment of heavy quarks

* inclusion of various data sets and account for possible tensions
* different alphas assumption
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oy - BOW* > I'v) (nb)

Level of PDF agreement

o Overall disagreement in W, Z cross sections was found ~8%

NLO W' 5 I'v at the LHC (Vs = 7 TeV)

6.6 T T I
. HERAPDF:
- | / -------------- -
6.2_— """"""""""" ]
6 88% C.L. PDF -
[ onemeem" ® MSTWos ]
- -1 m CTEQS.6 1
58 ... A NNPDF2.0 B
i Y HERAPDF1.0 ]
56— 0 ABKMO09 -
B GJRO8 ]
%418 " oa1e  od1s o042 0422 0424

(Plots from G. Watt -68%CL)
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G, - B(W" > I'v) (nb)
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NLO W' = I'v at the LHC (s

AN S

= ”, 6% C.L POF ]
- @ ustwos -
I B cTEQES ]
581 A cTi0 —
5 () NNPDF2.1 ]
5 [ ] HERAPDF1.0 -
[ Vertical error bars {1 ABKMOZ |
B Innar: PDF anly T
= Outer: PDF+c, OHERAPDf1 5 GIRES .
I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I

0.114 0.116 0.118 012 0.122 0.124

2
Updated version og(M)
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Probing the Proton Structure at LHC

o At the LHC: Drell Yan (DY)

Proton-proton collisions:

rapidity y = % In g * iz
M

M
—=¢";Xo

ViV

X1 =

1

0x(0%)= X [dndfef, (0.Q") fo(12.0°)

ab g
|

v v

hadronic cross

section section

So, to predict Z or W production
at LHC with a rapidity y=-4, it is needed:

Voica Radescu

Partonic cross

8
e 10
-
as an 1=]
8 1 B&Atl d CMS (7 TeV)
~10" Atlas jets
(]
o E DO Central+Fwd. Jets
=== fi _,r.r'_.a """" '”’"’.r "'r-""r.r-”j
10 6 CDF/DO Central Jets = 1Tev IN, 7 J 7 ,r; ff,,r
= m g
1) "r,-”f' ,r_,g,;,;ﬁ L
10 5 (L] ZEUS Jrf, x;i;r?::::: J:f..,f ,r;f;?f’.f ’rff,:rf;??
I\ i
NMC J, J,f; ) ) ,,ff oy f.-‘,, ::” If:rra‘,r f,rff’r
.F,:: *’;’:rf 7 r’r"f:’u ,’;?;;,f ;{”f,
10 4 271 BCDMS M = 100 GeV. mr’rf;"f,r i f”}’f{fﬁ:’r?ff’r‘f’f
10 E665 ) ,, 7 ,,,;,;/,,r,m
3[ [ suac /7 "’f ’rﬁ’f"’ Wi i
10 . .
u,
J/ ¥
2 y= ’:—6 7'4 ‘952
10 =
M= 10 GEV ]
| ]
BN ATLAS W,Z .
i WM
i m ‘IIIIH|H|||HH|||II|I\E|III"
-1 il 1L
10 v
1 IIIII;Il 1 IIIIIII| 1 IIIIIIII 1 IIIIIII| 1 IIIIlII| 1 IIIIIII| 1 L1 1111l
-7 6 5 4 3 2 1
10 10 10 10 10 10 10 1

q(x1,Q*=M?y7)

q(x2,Q*=M? 7)
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PDF Constraints from LHC

= Main information on proton structure comes from DIS data at HERA:

. . . ° P
o probes linear combination of quarks: e(vs)
* CC: provides constraints on valence quarks

- NC:Fy~044z(u+d+c+¢) +0.1lzx(d+d+s+5+b+D)
=» No flavour decomposition of the sea distribution [S=2(ubar+dbar+sbar)]

=  Additional constrain come from DY and jet data at the LHC P P

o probe a bi-linear combination of quarks
Z  ~0.29uit + c¢) + 0.37(dd + 55 + bb) W+~ 0.95(ud + ¢5) + 0.05(us + cd)
}" . 044(1{!_1‘ + C‘E‘) + 0.1 l(dd + 55 + bb) W= - Ogﬁ(dl_l + S'E’] + OOS(dE‘ + sit)
= 7 = | ; ! " —3 2 ]
© — uo — dd S | - uw - dd 5 W g W

~|-_ - — s ~|-_ -~ s 1.5[ :ﬂg :Eg : el

_ bb _ bb :

0.5}
1
- 5
y

: Y
o Different couplings:
* Z production more sensitive to d vs U quarks and more sensitive to § than W production

=» LHC data can provide complementary information:
flavour decomposition of the quark sea
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Measurements at the LHC relevant to PDFs
= A successful 2010 and 201 | years: rediscovery of the SM:

o sufficient lumi to measure precisely W, Z production

= |nclusive measurements:

o W, Z total cross sections:

« W W, W' + W, Z for electron and muon decay channels
[PRD201 I, arXiv:1109.5141v3

E T T T T T T T T T I T ] E l T T T T T I ]
S [ ATLAS ] =+ ATLAS .
> - . > r .
+T 6.5 . ? 11 =
+ r . H L J
: | ' s | -
il - B o - -
3 O _ . @ 10r -
. i 4 ] 55 R )
= i i s) L i
1 f Ldt=33-36pb" | 5[ f Ldt=3336pb" |
5.51 . I ]
- @ Data2010Ns=7TeV) total uncertainty - 9+ @ Data 2010 Ns=7TeV) total uncertainty ]
T O MSTWO8 -@- sta @ sys @ acc 7 : O MSTWO8 -o-sta@ sys @ acc :
5l (] HERAPDF1.5 uncertainty _ | ) HERAPDF15 uncertainty i
| A ABKMO9 68.3% CL ellipse area - /A ABKMO9 68.3% CL ellipse area -
. 0 JRo9 ] 8- JRO9 —
C 1 | ] \ ] | ] A ] | | | L] L1 ] ] ! ! | ] L ! ! | ] L L

3.5 4 4.5 0.8 0.9 1

- - + -

o'% - BR(W — [¥) [nb] oz - BR(Z/y*— I'T) [nb]

"= Large correlations between uncertainties due to the common lumi uncertainty



Measurements at the LHC relevant to PDFs

= A successful 2010 and 201 | years: rediscovery of the SM:

o sufficient lumi to measure precisely W, Z production

= |nclusive measurements:
®)

o Ratios of W and Z cross sections:

* W*/Z and W-/Z

[arXiv:1109.5141v3

ATLAS

f L dt = 33-36 pb’

—— Data 2010 (Vs =7 TeV)
total uncertainty
exp. uncertainty

A ABKMO09

v JRO09

B HERAPDF1.5
® MSTWO8
ol

ATLAS

f L dt = 33-36 pb

— Data 2010 (Vs = 7 TeV)
total uncertainty
exp. uncertainty
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A
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= Uncertainties due to lumi is cancelled, hence reduced uncertainties
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Measurements at the LHC relevant to PDFs

o

< 0.35

= |nclusive measurements: 03
o

’ 0.25
o

* 0.2

o Lepton charge asymmetry
(measured in fiducial volume)  0.15¢

dow+/dne — doy - /dne
doyw+/dne + doy - /dng

Ag(ne) =

« Assumingu =
given by

* Large spread in theory predictions is
due to differences in dv/uv at low x.

@
DES.
‘o

Y OICd nduescu

A successful 2010 and 201 | years: rediscovery of the SM:

sufficient lumi to measure precisely W, Z production

d, W* asymmetry is

dLenernvoscil, south Africa - 2.02.2012
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Measurements at the LHC relevant to PDFs
= A successful 2010 and 201 | years: rediscovery of the SM:

o sufficient lumi to measure precisely W, Z production

" |nclusive measurements: arXiv:1109.5141v3
(@]
= 160
. 8 | ATLAS
. S
. =

801 f L dt = 33-36 pb” Z—1IT

o Z rapidity distribution

I B$= Data 2010 (/s =7 TeV)
Z production is more sensitive to d- 60:_ A
- © HERAPDF1.5 i
quarks compared to F2 from HERA 40 —+ Unoor. uncerainty
- O ABKMO09 [ Total uncertainty

:
Iltlllll

y=0 corresponds to x, ,~0.01 S Y E A
y=3 to x,=0.3, x,=6x107%,

—

3o PN

Theory/Data
o
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Measurements at the LHC relevant to PDFs

= A successful 2010 and 201 | years: rediscovery of the SM:

o sufficient lumi to measure precisely W, Z production

= |nclusive measurements:

o

[ ]
®)

[ ]
®)

[ ]

o

o Inclusive jets:

* Sensitive to gluon at high x

Voica Radescu

subprocess fraction

inclusive jet production at LHC (/* = 0)
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J L dt=37 pb’!

\s=7 TeV
anti-k, jets, R=0.6

Data with

o statistical error

Systematic
uncertainties

NLOJET++ (u=pT™) x
Non-pert. corr.

— MSTW 2008

NNPDF 2.1

HERAPDF 1.5
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Measurements at the LHC relevant to PDFs
= A successful 2010 and 201 | years: rediscovery of the SM:

o sufficient lumi to measure precisely W, Z production

®)
®)

= Beyond inclusive measurements:

o W,Z+jets:
* sensitive to higher order QCD effects
* Sensitive to PDFs

o Diboson production
* W+gamma, Z+gamma
« W*W-
* Rapid increase of accumulated luminosity should allow for improved accuracy
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Motivation for LHeC
= What HERA could/did not do:

Test of the isospin symmetry (u-d) with eD no deuterons

Investigation of the g-g dynamics in nuclei no time for eA

Verification of saturation prediction at low x too low c.o.m energy

Measurement of the strange quark distribution too low Luminosity

Discovery of Higgs in WWV fusion in CC too low cross section

Study of top quark distribution in the proton too low c.o.m energy

Precise measurement of FL too short running time with low
energy runs

Resolving d/u question at large Bjorken x too low Luminosity

Determination of gluon distribution at hi/lo x too small range

High precision measurement of &s overall not precise enough

HEP needs a TeV energy scale machine with 100 times

higher luminosity than HERA to develop DIS physics

further and to complement the physics at the LHC. The

Large Hadron Collider p and A beams offer a unique

opportunity to build a second ep and first eA collider

at the energy frontier. (M. Klein)
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The Large Hadron Electron Collider at CERN

http://cern.ch/lhec Lﬁ?}
e, @
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Kinematic range of LHeC

LHeC scenario: (Lumi e*-p = 50 fb!) - 1;10 iv:lalluat.e t}lle impact;)f LI—lI)eC,

_ _ _ the following data sets have been
Ep 7TeY, Ee SO G?v’. Pol=+0.4 used under the same QCD settings
o Kinematic region: as for HERAPDF (same machinery):

« 2<Q?< 500000 GeV?

. 0.000002 < x < 0.8 o LHeC data: NC e*p, NC, ep, CC

e*p, CC e'p postive and negative
polarisations P=10.4

Typical uncertainties: o Published HERA |
o Statistical <% * NC, CC e*p data, P=0
it ranges from 0.1% (low Q?2) to 45% * Kinematics of HERA data:
(highest x, Q2 CC) 0.65>x>104, 30 000 >Q?%>3.5

GeV?

n nted . evoically 1.3 % o Fixed target data from BCDMS
o ~orrefate systematlc.otyplca yim3 e o Extrapolated LHC precision
(for CC high x up to 9%) :
assuming the same y range

* stat 0.5%, uncor 0.5%, total %
o Uncertainties are estimated using

Hessian method cross checked
against MC method

o Uncorrelated systematic: 0.7 %
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Current

knowledge is

limited at high x:
o Lumi barrier

o challenging
systematic

o nuclear effects

LHeC could
improve the
knowledge of the
valence at high x
to 5% precision

Voica Radescu

Ratio to MSTW 2008 NLO

Ratio to MSTW 2008 NLO

Valence distribution
NOW

Down valence distribution at Q* = 1.9 GeV? .4
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Gluon Distribution

Gluon distribution at Q? = 1.9 GeV? Gluon distribution at Q% = 1.9 Ge
9 2 T lI'__Il}l‘ll UBLELRRELY | T T 17T 3
W IMLD POF (2% G HLO POF (82% C.L)
Z 18 W mzTwes = Jr——
i e

8 16 s 8 s

g - ABEMOF ﬁ H+ ABKMDR
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0.4 ;
HERA I ]
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.1

=
Amazing precision over extended kinematic range, from low to high x
enable for accurate determination of alphas from DIS
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Alpha strong from DIS

The precise knowledge of &s(M.?) is of instrumental importance for the correct prediction
of the electroweak gauge boson production cross sections and the Higgs boson cross
section at Tevatron and the LHC

The strong coupling &s exhibits the largest uncertainty out of SM couplings, which is
currently of the size of ~ 1%.

case cut [@° in GeV] relative precision in %
HERA only (14p) Q2> 35 1.94
HERA+jets (14p) ¢ > 3.5 0.82
LHeC only (14p) ¢ > 3.5 0.15
LHeC only (10p) Q> 3.5 0.17
LHeC only (14p) Q% > 20. 0.25
LHeC-+HERA (10p) Q% > 3.5 0.11
LHeC+HERA (10p) ¢ =7.0 0.20
LHeC+HERA (10p) Q* > 10. 0.26

LHeC promises per mille accuracy on alphas!
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Summary

= HERA data is the main ingredient for determination of the PDFs

Combination of the HI and ZEUS data brings ultimate precision for PDFs.
FL measurement down to Q2 = |.5 GeV2 as a new input for low x phenomenological analyses

Fit to inclusive + DIS-jet data provides determination of strong coupling with consistent
treatment of PDF uncertainties.

o Charm data constrain heavy flavour models parameter and reduce PDF uncertainties for the LHC
predictions

= HERAPDF fits provide basis for QCD analysis with a consistent and high accuracy input data
having well understood systematic uncertainties.

= LHC data can provide complementary PDF constraints:
o Very successful operation of the LHC allows for precision physics measurements
o data precision is comparable to the PDF uncertainties and requires NNLO calculations.

* The LHeC has the potential to constrain the full set of PDFs and strong coupling due to its
kinematic range, huge luminosity, availability of electron and positron beams, as of proton
and deuteron beams.
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Electron Beam -Two Options

L= NPT . Ie
4M'Epn '\!ﬁpxﬁp}:

1
N, =17-10"¢, =3.8um}p,..,

N 107"
L=8210"%cm3s! 2

=1.8(0.5)m,y = —=

I

£

Ring-Ring

Power Limit of 100 MW wall plug
“ultimate” LHC proton beam

p 60 GeV e*beam

E

M

I =035mA- PIMW ] (100/E [GeV])*

17 \B.B, S0mA

>L=210% cm2s? - 0(100) fb'l

Pulsed, 60 GeV: ~1032

High luminosity:

Energy recovery: P=P,/(1-n)
B*=0.1m

[5 times smaller than LHC by

reduced |*, only one p squeezed
and IR quads as for HL-LHC]

L= 103 cm2s1 - 0(100) fbl

Voica Radescu

1 N, 1 I
L=— 2 .yt
4 €, B e
1
N,=17-10"¢, =3.8um,B =0.2m,y =7000/0.94
, , N,107"
L=810"em=st o, 92 1./mA
17 Bim 1
[ - ma D1V
E,/GeV

Synchronous ep and pp operation (small ep tuneshifts)

The LHC p beams provide 100 times HERA’s luminosity
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FL from Low Energy Run at HERA

. 2 2 = 600 7T 600
=  Accurate measurement in Q“>1.5 GeV~ range, 2 5] ees crs cev ] Y0
sensitive to structure function F are included in T R 460GV, 2 Joo
> 3 HERA1 HERAII
the QCD analysis on top of the HERA | data S 150
using DGLAP g ™ o
= 350 350
g i 820 GeV 920 GeV
= 300 300
o Observe sensitivity to the Q2 cut applied which g w0 250
triggers further explorations of DGLAP validity at = My Luminosity / o
150 = HERA upgrade 150
low Q2. 1 improvement
100 3 / Background 100
5 'i H1 upgrades . problems 50
03~ —p— 0
1992 194 1996 1998 2000 2002 2004 2006 2008
‘g L H1 and ZEUS (prel.) . H1 and ZEUS (prel.)
. o %
_ Q%= 10 GeV? 2 Q=10 GeV? §
03 i ) 08 —— HERAPDFL0 5
Xxg (x0.05)—— HERAPDF1.0 R e === total uncertainty
[ total uncertainty 8 (*x005) ....... +low energy data

"""" +low energy data, sz 5GeV?
RT VFN STandard

+low energy data
RT VFN STandard

0.6
04

02

Prelim 2010

HERA Inclusive Working Group
HERA Inclusive Working Group

0
10*
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Dipole Model Fits

» At low x and Q? the virtual photon-proton H1 and ZEUS
scattering can be described using the color o
dipole model:

Q* =10 GeV?

o Fluctuation of the photon into a quark-antiquark

o8 i —— HERAPDF1.0
pair (dipole) interacting with proton i B exo. uncert.
"= Following models have been considered: [ | model uncert.
- parametrization uncert. Xu,

0.6
[ xg (x 0.05)

@ GBW dipole model:

2 A
o(x,r?) = og (1 — eXp[_4Rr§(x)]) R3(x) = (xi)

04

02
Fitting parameters: o, A, Xp. i

@ |IM (CGC) dipole model:

ing parameters: Ag, A\g, Q.
ed parameters: g = 23.8(mb), C = 1.0, p = 4.0.

Fitting parameters: og, A, Xo.

* Dipole models are applicable for x<0.0| where the gluon and sea dominate. All models
neglect valence contributions, However...
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Standard Dipole Model Fit Results

GBW model yields very bad description of data with y2/ndf=719/352
B-SAT model yields slightly improved description of data with y?/ndf=425/352
= |IM model yields a reasonable description of data with y?/ndf=398/352

H1 Collaboration H1 Collaboration
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LHC predictions: for LHCb and CMS W asymmetry data

W* - Fv at the LHC \s =

7 TeV) with pl > 20 GeV
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HERAPDF provide reasonable predictions for LHCb and CMS data too
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LHC predictions for Higgs and top cross sections
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Fitting LHC data

= Fitting machinery exists:
o DIS processes at NLO and NNLO calculations

o DY process at LO + kfactors from external sources (MCFM)

" First impact studies performed on ATLAS muon asymmetry data.

ATLAS Muon Asymmetry data (31pb-1)
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comparisons
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Effects of inclusion of the HERA charm data

= QCD fits without charm data have only small sensitivity to the value of the charm mass

= However, there is a strong preference for a particular m_ once charm data is included
o Study performed for RT, ACOT, ZMVFNS schemes

=  Comparisons of the ¥2 minima of
H1 and ZEUS (prel.) P A~ minim
oy 5 HERA | + charm data using different
= HERAPDF1.0 + F<(prel =
1200 0+ F, (prel) R schemes that account for quark
R — RT VFN Standard b7 . .
. —— RTVFN Optimized 5 masses (shown in different colors)
- —— ACOT full E
i " ——— ACOTy,
------- ZMVFNS
1000? g | = Observe sizeable spread in optimal
i o values of mc: 1.25 - 1.68 GeV
c
: x
800 2 = RT Standard: = ACOTY
- % o m=1.57 GeV o m=1.25 GeV
3 [for MSTWO8: 1.4 GeV] [for CTEQ: 1.3 GeV]
i £ = RT Optimised: = ACOT full
600 E o m=1.47 GeY o m=1.58 GeV
L1 - .1 _|T = ZMVFNS
1.2 1.4 1.6 1.8 o m=1.68 GeV
mg°*! / GeV [for NNPDF: | 4 GeV]
= Each scheme describes data well at
the corresponding x? minimum
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H1 and ZEUS HERA I+1I Combined PDF Fit o 1 ——
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HERAPDFI.5 vs HERAPDFI.0

- parametrization uncert.

HERA Structure Functions Working Group
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o XS (xS—xU+xD) at the scale Q,2=10 GeV?

H1 and ZEUS Combined PDF Fit

HERAPDF1.5 (prel.)
(HERA I+II)

xu,

July 2010

HERA Structure Functions Working Group

0
X
X
* Inclusion of the HERA |l data reduces the uncertainties on PDFs in the high x region
especially visible on the valence distributions!
o See HERAPDFI.5(prel) vs HERAPDFI.0
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HERAPDF|.7 (NLO)

" Data Sets: HERA I+1I inclusive, jets, charm PDF Fit
o Combined HERA I+l data (prelim) % 1 )
o Combined HERA Charm data (prelim) . Q=10 GeV
o Combined HERA Il low energy data o5 —— HERAPDFL.7 (prel.)
o Separate H| and ZEUS jet data B cxp. uncert.
\ [ :]aﬁel:l::]n?:;:{on uncert. xu,

=  Adjustments of the settings:

HERAPDF1.6 (prel.)

o Use extended parametrisation

o Use RT optimised version with its prefered value of
mc=1.5 GeV

* From the studies based using charm data

o Raise the value of strong coupling from 0.1176 to
0.1190

* From the studies using jet data
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