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Final H1 & ZEUS structure function data published
New LHC data being rapidly published

Searches for high mass states require precision
knowledge at high x

Log(Q?) [GeV?]

M=1TeV

For central production x=x,=x3
M=x2+/s
— M > | TeV probes x>0.1

DGLAP evolution allows predictions to be made

M =100GeV

High x predictions rely on
e data (DIS / fixed target)

y = :
- * sum rules
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Low X region important for high energy cosmic rays
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Dominant contribution

The NC reduced cross section defined as:

£ O°x 1 d’o*

- , 2 2 6NC B 2 2
Only sensitive at high Q2 ~ Mz 2 Y, dxdQ
~t - Y -
One ~ by F ——xI;
Only sensitive at low Q? and high y Y,

The CC reduced cross section defined as:

2 +

similarly for pure weak CC analogues: 5t — 27X { M +0° } do ¢
cCc — 2 2 2

W;, xW; and WLi G, M, dxdQ
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1and ZEUS |
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Neutral current event selection:

High Pt isolated scattered lepton

Suppress huge photo-production background by
imposing longitudinal energy-momentum
conservation

Kinematics may be reconstructed in many ways:
energy/angle of hadrons & scattered lepton
provides excellent tools for sys cross checks

Removal of scattered lepton provides a
high stats “pseudo-charged current sample”
Excellent tool to cross check CC analysis

Final selection: ~10° events per sample at high Q?
~107 events for 10 < Q% < 100 GeV?

Charged current event selection:

Large missing transverse momentum (neutrino)
Suppress huge photo-production background
Topological finders to remove cosmic muons
Kinematics reconstructed from hadrons

Final selection: ~10° events per sample
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Status: 1-July-2007
400 \ \ \ \ ‘ I ‘ ‘

HERA-1 operation 1993-2000

-1

Ee = 27.6 GeV | —_— elec.trons ]
Ep = 820/ 920 GeV o ﬁ)"vi‘g"“s |

JL£ ~ 110 pb’! per experiment
300

HERA-II operation 2003-2007
Ee = 27.6 GeV

Ep = 920 GeV

JL£ ~ 330 pb’! per experiment
Longitudinally polarised leptons

200

H1 Integrated Luminosity / pb

100
Low Energy Run 2007
Ee = 27.6 GeV
Ep = 575 & 460 GeV
Dedicated FL. measurement 0

| ‘ ‘ ! | ! !
0 500 1000 1500
Days of running
breakdown of HERA-Il data samples

R L
B L =473pb7 ! E = 104.4pb~!
“ Pl P = (436.0+1.00% | P, = (-258+0.1)%
otp| L=1013 pb~! L = 80.7pb ™"
P, = (+32.5+0.0)% | P. = (—37.0£0.1)%
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Up till now HERA-II datasets only partially published

ZEUS CC ep 175 pb!  [EP) C 61 (2009) 223-235
ZEUS CC e*p 132 pb!  |EP] C 70 (2010) 945-963
ZEUS NC e7p 170 pb-! | EP)J C 62 (2009) 625-658
ZEUS NC e*p 135 pb"! | ZEUS-prel-11-003
HI CC ep 149 pb-! [ H1prelim-09-043
HI CC e*p 180 pb-!  |HIprelim-09-043
HI NCep 149 pb"! |HIprelim-09-042
HI NC e*p 180 pb"! |HIprelim-09-042
ZEUS CC e p 175 pb!  [EP) C 61 (2009) 223-235
ZEUS CC e*p 132 pb!  |EP) C 70 (2010) 945-963
ZEUS NC ep 170 pb' | EP) C 62 (2009) 625-658
ZEUS NC e*p 135 pb-! arXiv:1208.6138
HI CCep 149 pb-!
HI CCe*p 180 pb-!

arXiv:1206.7007
HI NCep 149 pb-!
HI NC e*p 180 pb-!

HERA-I| datasets

Combined in HERAPDFI.5
(except ZEUS NC e*p)

Complete the analyses of HERA high Q? inclusive
structure function data

New published data increase | £ by

~ factor 3 for e™p

~ factor 10 for e7p

much improved systematic uncertainties

Neutrino Interactions Workshop - Rio de Janeiro - Oct. 2012 6
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i Q*=200GevV: T Q*=250 GeV* | Q* =350 GeV* ] Q*=450 GeV* ]
[ ]
M
i >=650 GeV> T Q> =800 GeV*> Q*=1200 GeV> | Q> =1500 GeV?
b A
[ Q’=2000GeV? T Q> =3000 GeV” ] Q*=5000 GeV> | Q’ = 8000 GeV’>
_HIH”I I IHH”I | IH”E_ ﬁ_llllllll cvvnl e
2 -1
Q” = 12000 GeV> 10° 10
- —+ 4 e ZEUSNC

e'p (135.5 pb™),
P, = 0 (corrected)

1 —— SM (HERAPDF1.5)

O ZEUS NC
ep(169.9 pb™),
P, = 0 (corrected)

] —— SM (HERAPDF1.5)

107 10!

107 10!

102

10!
X

Z° contribution enhances as Q? increases
Final measurement of ZEUS NC e*p data

Shown here for P=0
Polarised measurements also available

Compared to published NC ep data
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. High:Q% NC Cross Sections,

X LR

H1 Collaboration

A LLLI R R AL R R ALl B R R L R L B R H1 precision 1.5% for Q2 < 500 GeV?2

es®  x=000005,i=21
x = 0.00008, i = 20 » HINCep,P =0
" x = 0.00013,i =19 L S
P aady . = HINCe'p,P =0
/’..'. x =0.00020,i=18 ¢
x =0.00032,i=17 e HI Low Q?
:f:;‘.:.- x =0.0005,i=16 o Fixed Target
'././Ml- x=0.0008,i=15 ____. H1PDF 2012, ep
=0.0013,i= 14
* ' —— HIPDF 2012, ¢'p

x =0.0020,1=13

x=0.0032,1i=12
x=0.005,1=11

x =0.008,1=10
/_“.-.“.'- 000320

)

= factor 2 reduction in error wrt HERA-I

Statistics limited at higher Q? and high x

Extended reach at high x compared to H1
preliminary data

This x region is the ‘sweet spot’

<
W x=0.02,i=8
M x=0.032,1=7

High precision with long Q? lever arm
x-range relevant for Higgs production

Combination of high Q? data
HERA-1 and HERA-II

Larger HERA-II luminosity
— improved precision at high x / Q?

& 10 _—
X -
D 5|
o 10
< -
)
> il
10° =
10? =
10 =
LE
107! =
107 =
107
1
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10 102 10° 10* 10°

> HERAT+1II
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-

Q* [GeV?]
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H1 Collaboration

1 T T T T T T T T T T T T T
vZ |
XF3 — ) .
ZEUS = Transformed to Q © = 1500 GeV~ -~
— . ZEUS NC e’p (305.4pb™), Q=1500 GeV? 0.8~ o HI B
—— — SM (HERAPDF1.5) L _
— -—--SM (ZEUSJETS) . — HIPDF 2012 _
— . SM(CTEQ6M) 0.6— _
— ---SM (MSTW2008) } - —
= el 0.4 —
— 0.2 N
= 0 |
— Lol I B I 10 1
10" 1
X
At high Q2 xFs arises d Z0 eff I Y, o a 5+ vz
t hig xF3 arises due to Z° effects xF, = (GNC — GNC) ~ aexzx}?;
enhanced e cross section wrt e” 2Y

Difference is xF3
Sensitive to valence PDFs ~

Eram Rizvi

J

0.725

.016

H1 measure integral of xF3¥Z - validate sumrule:

dz FJ7(z,Q% = 1500 GeV?) = 1.22 + 0.09(stat) & 0.07(syst)

Neutrino Interactions Workshop - Rio de Janeiro - Oct. 2012

NLO integral predicted to
be 5/3 + O(as/T1) = 1.16

HERA I+I1



."NC Cross Sections

N

H1 Collaboration

—_ 1.8 ! I I 1 | T ]
Once 1 : :
o HINCep 7 Measurement extension to high y
i , 5
1.6 m Hl NC e+p ] at h|gh Q
""" HIPDF2012,e'p  _ Sensitive to FL and xg
14 HI1PDF 2012,e*p |
' | Difficult measurement:
4 - low scattered electron energy E<>5 GeV
19 7 - large photo-production background
-7 =
1<C
P, + 4
el
0.8 | > | . »
10 10
Q* [GeV7]
Total uncertainty reduced by factor 2:
HERA-I ~4%
HERA-II ~2%
Eram Rizvi Neutrino Interactions Workshop - Rio de Janeiro - Oct. 2012 10
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Electron scattering Positron scattering
2 2

DO _Ge\ My | Tseyr(-pr@+s)] e Byl N ICRO R (RN CRD]

dxdQ* 2m|\ M? + QO

” IHIII“Collalgoratilolpl | IHllnCollall)lorqtilo”rlll

5 300Gev? T @=500Gev: T QP=1000Gev: ] & I @=300Gev> I  @P=500Gev? | QP=1000GeV?
o 1 ] st I I i
of 1 1 ] :

; 1t f 1 :
1:_ T T ] 0‘5-_ ______ + " I ) 4
():: e 05: b :::::::I": -+

L5 Q*=2000 GeV? T  Q*=3000GeV? T  Q*=5000GeV? ] 0.8F  Q*=2000 GeV? T  Q*=3000GeV? T  Q*=5000GeV? ]

[ I I ] 0.6F T I i
I T T ] : s -

[ 1 i : 04F + _ T 1+

i w é | 1 12

: I : [ : =
O [H— N — () [ sl s
Ir Q*=8000GeV? T @=15000Gev> T Q*=30000GeV? [ Q*=8000 GeV? Q*=15000 GeV? ] 107 10

- 1 X
[ o HICCep,P =0 ] 02r T 1 = HICCe'p,P =0
i 1 — H1PDF 2012 1= [ 1 — HI1PDF 2012
05F T & T x(uro) 1= ol 1 (-y)x(@+s)

; \: ig | %

oL Ll Lol A I Y I R B 1= = 0-' N Y R Y B N

107 10" 107 10 107 10" 107 107! 107 10"

X X X X X

H1 combination of high Q2 CC data (HERA-I+II) CC e+ data provide strong dy constraint at high x
Improvement of total uncertainty Precision limited by statistics: typically 5-10%

. . . . . o
Dominated by statistical errors HERA-I precision of 10-15% for e+p
Provide important flavour decomposition information Large gain to come after combination with ZEUS

Eram Rizvi Neutrino Interactions Workshop - Rio de Janeiro - Oct. 2012 |l



*.NC Polarisation Asymmetry . . SR ‘ W
.-\'\.‘ L82¢ ; -l L\ .v"'«l ‘ I.,'l"‘:; ' 1 e '..‘ | 2 ‘," / : ; E
+< 0.52_ I T T I T T I _';f
04 E NC polarisation asymmetry:
£ 035 E
S 02F = +/( p* +
Z.E E AT — 2 .O(PL)_J(
E E - p=* + L+ (pE +
OF = P —Pg o= (Pp)+ o™ (
3: 3 . ZEUS NC e*p ( 135.5 pb™) E
03E — SM (HERAPDF1.5 : i =
"E ( ) (ep already publlshed)_E . 1+ dy /s
TTE Lo | | R | L1 3 Atlar’geXA O(:l:/‘{u'
10° 10* 4+ dy [ uy
Q* (GeV?)
. H1 Collaboration
Ai B T T T T T T T T T T T T T LI | T |
i o A" (¢'p) i
0.5 —— HIPDF 2012 ?
_ ¢ —
Or A S 5 ]
: ET e ek ]
n N kR T —
05 o A Ep 1
[ - HI1PDF 2012 L1
B —
_ 1@
_1 1 1 1 1 1 11 1 | 1 1 1 1 1 11 1 | E
10° 10*
Q% [GeV?]
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Measuring the difference in NC polarised cross sections gives access to new structure functions:

4+ p=* +( p* 2 2
e o [ Y)_ ) Y)_ KQM
= Ta.F,) Ve Fy 7 — v2 4+ a?)aFY
Pf—PE Q2+l\4% 2 4+ 3 +Q2—|— %( ) 3

xF3 terms eliminated by subtracted ep from e*p

H1 Collaboration
I Q=400 GeV? '

Due to different couplings F2¥4 has different
sensitivity to U-type and D-type compared to F»

Q? =200 GeV? Q? =250 GeV? Q? =300 GeV?

+

Q? = 650 GeV?

H1 Collaboration

YZ
FZ

Transformed to Q2 = 1500 GeV?

] - ® HIl N
- — HIPDF 2012 .

LTy AL

1.5F  Q=1200GeV? Q®=3000GeV? ]

0.5} |
i Rt
: : T : ! : é
1f @ =5000GeV? + Q=8000GeV? I Q=20000GeV? ] '%
I oHI '} ] 10! 1
1 — HIPDF 2012 1 X
I \¥\0— é
] A 1m
1 1 1 I 1 ] m
107! 1 107! 1 107! 1 107! 1
X X X X
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/
X g(.ﬁl} ) = Angg (]_ — X )Cg — A/QQEBQ (]_ — X )25 Parameter Central Value Lower Limit Upper Limit
o B C 2 fs 0.31 0.23 0.38

ruy (1) = Ay, 27" (1 — )~ (1 + By, @ ) ; me (GeV) 1.4 1.35 (for Q2 = 1.8 GeV) 1.65
dev(gj) — AdvadU(l x)cdv : my, (GeV) 4.75 4.3 5.0

_ B C Q2. (GeV?) 3.5 2.5 5.0
.TU(CC) — AUCL‘ U (1 — CC) U, Q2% (GeV?) 1.9 1.5 (fs = 0.29) 2.5 (m. = 1.6, fs = 0.34)
rD(z) = ApzPD(1 — 2)D

| 3 parameter fit: additional flexibility given to uy and dy compared to HIPDF2009 / HERAPDFI.0

Parameter constraints:

BUbar = BDbar
jdx (xu, +xd, + xU + xD + xg) =1 sea = 2 x (Ubar +Dbar)

1 Ubar = Dbar at x=0
de d, =1 fs = sbar/Dbar

Apply momentum/counting sum rules: Q0*>= 1.9 GeV? (below m,)

0? > 3.5 GeV?
2x 10%<x<0.65
de u, =2 Fits performed using RT-VFNS
Experimental uncertainties produced using RMS spread of 400 replica fits

Parameterisation uncertainty determined from envelope of 14 parameter fit & Qo? variations

Error band is applied to central value fit = asymmetric errors since mean of replicas # central fit

e
= Zﬂjbj) +zj:b +Zl

Errors prop to measured values - avoid stat fluctuations by scaling errors by expectation m;
Modified y? definition includes In term to account for likelihood transition to %2 after error scaling

. measurement i

. 2 2 7 -
[MZ z uncm' + 0; stat:ul?nZ

2
uncruz + 5 statluz

Xz _ Z m; theory i
52 2 52 e
) uncmi + i,statluzm”/

bj correlated sys source |

y; correlated error i,j

Eram Rizvi Neutrino Interactions Workshop - Rio de Janeiro - Oct. 2012 |4



H1 Collaboration

Q=19 GeV®

— HI1PDF 2012

B experimental uncertainty
+ model uncertainty

[ + parametrisation unc.
---£=0.5 fit

Eram Rizvi

103 102

¥ /ndf = 1570/1461 = 1.07

107!

10

_I.

<
o)

I T T TTTI I|
Q*=1.9 GeV?
— H1PDF 2012

I experimental uncertainty
+ model uncertainty
I + parametrisation unc.

102

Fit with unsuppressed strange sea (fs=0.5) is well within error bands

Neutrino Interactions Workshop - Rio de Janeiro - Oct. 2012
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PDF Uncertainties

0.6

xd,

0.4

0.2

0

H1 Collaboration

-0.1

‘D=d+s+b

0.2

-0.2

0.4
10™

Eram Rizvi

10 107

Q%*=1.9 GeV?

107

10 10!

. Uncert. due to H1 HERA I data

. Uncert. due to H1 HERA I+II data

ey,

Comparison of PDF uncertainties from H| fits
with and without new HERA-I| data

Large improvement in xdy and xD over wide x
range - driven by more precise CC e*p data

Improvement in xuy from NC at high x.
Error reduction at low x arises from sum rules

High x gluon is also improved from scaling
violations

Neutrino Interactions Workshop - Rio de Janeiro - Oct. 2012
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A\ \E, o
8 2 T T ] 8 2 m ‘
= * NNPDF 2.1 = * NNPDF 2.1
2 175 — HERA only 2 1.75 — HERA only
c 15 c[:)?élider £ 15 @,gcl)lslider
> DIS + DY > ~“— DIS+D HERA-| data
— E1.25 — E1.257 - only
xU £ | xD £

o 1 s 1
(8) 3)
c i c I
3 0.75 3 0.75
2 i = *
8 05 5 05
o . Q=100 GeV o f

0-25 NNLO NNPDF2.1 sets  \' 0.25¢

o 0
10
X X

At high x strongest constraints on anti-quarks from deuterium Drell-Yan measurements
Also d quark constraints from deuterium DIS

u, and d u and d

12|

Cross section ratio
for Fe : proton target R 1

081 — Ax =1

- N Ax =30

0.6 4 3 2 -1 3.0 020 - 3.2 -1
10 10 10 10 e 10 10 10 X 10 10 10

N N
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HERAPDF philosophy: Fewer data sets — better control of experimental uncertainties
PDF experimental uncertainty defined by Ay2=1 criterion

Compare to MSTW / CTEQ: effectively use Ay?=50 to 100
Avoid complications of data using nuclear targets

HERAPDF2.0
Include final:

HERA-I low/medium Q? precision F,
HERA-II high Q? polarised NC/CC data

HERA-II low/medium E;=575/460 GeV energy NC data
HERA-I+Il F,° combined data - almost ready

HERA-I+II multijet data - awaiting H1 publication

Expect several fits:
NLO vs NNLO
NLO will be:inclusive NC/CC data & inclusive + F¢ (+ jets?)
Include fit to s
MC method for experimental errors will be used

Timescale ~ spring 2013 (DIS workshop?)

Eram Rizvi Neutrino Interactions Workshop - Rio de Janeiro - Oct. 2012
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. Data:Sets in: Global :PDFE Analyses
N . e TR £ { :

Typical datasets used in global PDF analyses Tevatron jets

N S Ay  uil {01! /5 B 4 sy,

108 L X WmCpd S T TR T Tevatron W asymmetry
A A Tevatron Z rapidity
| + BcoMms Q.“fq‘;zef’i%%‘ i
10° £ RS g FR GRS
— | o nrvonn HERA-II high Q? data
S L4l | X 2zEUs-H2
8 10" 5] x DvEsos : R S
—| O DYE886 : S0 e 3 S5 YO SN
ot C| % CDEWASY o ¥ g O 30 Mo Ko ¢ WK K X x/ Drell-Yan fixed target
W el ooz | T 23585 §§§< ________ ~ E605 / E772 E886
~ — : 2 :
o =| % CDFR2KT § % |
C| O DOR2CON 5 5 = ‘
~ z é x X DIS fixed target
N .
C10°E ; / NMC / BCDMS
- <
: ‘ @ 10°F
10 ; z xhERAGR L 5
— s s e % TE e o 105}
1 | | IIIII/ | | IIIIII| | | IIIIII| | | IIIIII| | | 104;*

1
a

-4 -3 -2 -1 :
10 10 10° 10 10 1 Sy

dfF,/dInQ*>g

HERA-I data !
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~LHC Constraints:, s '\ /.7 [ \ QS’

o _ ' - : . ! ' j ¢
. . E ) IR / ] 2 pmye==——oTr
N e 4 > 5 ) K

W% lepton charge asymmetry

do/dn(W+ = Itv) —do/dn(W~ —1"0) W' :ud +cs
do/dn(W+ — I*v) +do/dp(W= = 1"0) W~ .di+sc

A(n) =

D0 measurements show tension with CDF

Alleviated with improved flexibility of PDF functions?
(Thorne, PDF4LHC Workshop, Sept 2012)
Top/anti-top differential cross section

a LI | LI | LI LI | LI | T 17T | LI | LI | T T T - L3 . . (o) .
£ 030 (a7 TeV 4 ATLAS+CMS+LHCb- ét Vs I.4 TEYI:Iomllnant contribution 90% is from gg
E ____;_-fffj:iij::;;;NN.T;;‘i:;:!“Egh Pre“mlnal’y: OnStraInS |g X g uon
U>), 0.2 _‘I L EgeR~ R — — 1 O - : —
© ] > - —— data -
() B ] = - ]
© 0.1 — = [ansmersanpmsanssd™ 1 NLO (MCFM)
£ - i = 1k — e ALPGEN  —
c O = E MC@NLO -
- i e - m
o - -©  ATLAS (extrapolated data, W — Iv) 35 pb’’ - o = e -
8 -04F -+ oMS (Wos pv) 36 pb” - ©.10": ATLAS -
B 1 _ © - -
- m  LHCb (W— uv) 36 pb B < - _ -1 ]
0o MSTW08 prediction (MC@NLO, 90% C.L.) ] T B j Ldt=2.051 i
- % CTEQ66 prediction (MC@NLO, 90% C.L.) . 102 ————
0.3 i HERAI.0 prediction (M|C@NLO| 90% ClL ) | = - /s=7TeV I -
0 05 1T U5 T2 25 3 a5 4 : :
I | >
0
e
O
@
L
|_
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http://conference.ippp.dur.ac.uk/conferenceDisplay.py/?confId=331
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P
'_o' 60 T T T T T T | T T T
O\ .
T Laom an nos ATLAS
% 40 (s-276Tev  |y<0.3 ]
E -
Q ] LHC inclusive jets
c 20 = }
o Can reach very high x ~ 0.9
g o ' Constrains qq and qg at high x
0 Large detector uncertainty from energy scale
20 Reduce error by taking cross section ratio at different /s
- Cross section => correlated systematic errors ~cancel
-40_— JER —— Unfolding ] Atlas published data for \/S=2.76 TeV and \/S=7 TeV
| —— JES - Others i
_60 I I I | > I > I I
30 40 10 2x10
(a) |y| <0.3 p, [GeV]
'—ol 20_ T T T T L T T T ]
£ [La-ozp . ATLAS ]
O 15:_\F276'I.'V/\F7TV Preliminary -
S N e ] Other LHC constraints
= - anti-k, R=0.6 ) ] : .
S 10; M<O_; Cross section ratio W*+c & W™+c gives access to strange/anti-strange
Zz 5§ High mass Drell-Yan — anti-quarks at high x
% 0 == Prompt photon production qg—Y¥q constrains high x gluon
(&) : ]
5 50 .
o - ]
= n ]
S -10- @l Tota E
T 45C 1 JER — Unfolding E
[ —— JES - Others .
_20_ 1 1 Lo | 1 1 [
30 40 102 2x10°

@ p.pr)y| < 0.3 plGeV]
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HERA
Crl = T T T TT I I T T T T | I 3
= b ) .
S 10= A P NC = * H1 / ZEUS completed their final SF measurements
= = * H1e'pNC =
o L o ZEUSe p NCHERAII .  New HERA-II data provide tighter constraints at
o~ = 0 ZEUS e'p NC HERA Il = high x / Q2
% = m=m= SM e p NC (HERAPDF 1.5) =
B 10 B s SM e*p NC (HERAPDF 1.5) __| * HERA data provide some of the most stringent
O =y - constraints on PDFs
N ' ]
_ i > — e Stress-test of QCD over 4 orders of mag. in Q?
= * =
u m * DGLAP evolution works very well
10° H1e p CC . E . .
= P =& ¢ HERA data provide a self-consistent data set for
- HiepCC g complete flavour decomposition of the proton
= ZEUS e p CC HERAIII =
s ZEUS e'p CC HERA I 3 ¢ New combination of HERA data underway
10° ¢ SMe p CC (HERAPDF 1.5) F e« Combination = HERAPDF2.0 QCD fit
= SM e*p CC (HERAPDF 1.5) -
B ] * Global PDF analyses now start to use LHC data
= y<0.9 \ =
- P.=0 S
10'7 — I I I I I | I I N I I | I
10° 10* , ,
Q° [GeV
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-_“_-‘:_'_"New High x Co.'nst?r’aiﬁts‘»;f‘rom HERA DIS . = 3 \E,Q‘B’

"
N . ) = . ‘ - -

— Qe |
g - . . H1 Collaborat ' ' ' 2
> - High x constraints at high Q? T A A ”'é'i'-?ob?é?'\f' ion Final high x / high Q .
(3 81~ improve high x PDFs at lowest Q? Oco S0V p FTMET o FEEET 1 NCand (;C Cross sections
— = via QCD evolution : : now published from HI &
L 1F 1 .
S 7 E I 1 ZEUS - legacy data sets
o) - 0.5F T ]
@) N [
— 6_M=1Tev ) [P :::::::I',: - —
- 08F  @=2000Gev? T  Q=3000Gev? T  Q=5000GeV? 7]
5r ooF s 1 1 1o
E 0.4;— + I _:
41— M =100GeV 02k I I 15
. [ , , = .
B 0-: ] — HHHH—— P el il Wi CC e+P glves Strong
- 3 2 2 2 1 2 -1
3_ y= Q" =8000 GeV Q*= 15000 GeV 1 10 10 .
: - - x clean constraints on xdy
- 021 T = HICCe'p,P =0
2__ 1 — HIPDF 2012
N o1l g 17 (y)x(d+s)
1- [ I\
: 0‘: sl il " sl " ||\|:
B 102 102 10"
O X X

> 04

Xu

0.2 . Uncert. due to H1 HERA I data

. Uncert. due to H1 HERA I+II data

Q*=1.9 GeV?

X X

0.4 R
10 107
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' h
New ngh X Constramts From LHC SN, e W'-ﬁ “Q‘S’

Inclusive jets at +/s=2.76 TeV and \/s 7 TeV

\

Constrain qg and gg PDFs LHC data provide new high x constraints
— 60— — | —— Yet to be included in QCD fits to PDFs
£ det—020 pb" anti-k R=0.6 ATLAS |
z - "2 Preliminary - < two examples ¢
T 401~ s = 2.76 Tev ly|<0.3 ]
)
£ 20 Top/anti-top differential cross section
g First measurement at +/s=7 TeV
50 Large stat error - future v/s=14TeV will give better
* 20 constraints
Cross section < 10 ' E
-40 = E:l Unfoldi B E - — data i
— Unfolding - - .
—— JES - Others - s L] ZI:ICDDG(II\E/INCFM)_
oo | | 1 - Amaamamy 00 mm==ssss —
-60 2 2 e 1 = =
30 4o 10 2x10 5 e MC@NLO 7
= 20— - T 1l |
© 2Uf 101 ATLAS .
:n- 15:— —[ L dt = 0.20pb" llg;’(-al]il:\n?nary—' Q - -1 =
QUL \5=276 TeV /\s,=7 TeV i — - | Ldt=2.051b -
T {Qf antik R=06 ] ] N i
S L 03 Cross section ratio 102 Js=7TeV mosmrsarsangoancand
> 5 - | ]
< - .
_'(E 2 L _
g 0]=
5 5 s S
N Q
% - - Total ] =
T 45- 7 JER — Unfolding E o
F— JES ------- Others . O
20! e =
30 4o 102 2x10°

(d) P()’a pT)v b" <0.3 Py [GeV]
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ERA'Structure Function Data_

Summary of HERA-I datasets
Combined in HERAPDFI.0

Available since 2009

Data Set x Range O” Range L et /e Vs
GeV? pb~! GeV

HI svx-mb  95-00 | 5x107° 0.02 | 0.2 12 | 21 etp | 301-319

Hllow Q> 96-00 | 2x107* 0.1 | 12 150 | 22 etp | 301-319
HI NC 94-97 | 0.0032 0.65 | 150 30000 | 35.6 | e p 301
H1 CC 94-97 | 0.013 0.40 | 300 15000 | 356 | e*p 301
H1 NC 98-99 | 0.0032 0.65 | 150 30000 | 164 | e p 319
H1 CC 98-99 | 0.013 0.40 | 300 15000 | 16.4 | e p 319
HINCHY  98-99 | 0.0013 0.01 | 100 800 | 164 | e p 319
H1 NC 99-00 | 0.0013 0.65 | 100 30000 | 65.2 | e*p 319
H1 CC 99-00 | 0.013 0.40 | 300 15000 | 652 | e*p 319
ZEUS BPC 95 | 2x107° 6x10™ | 0.11 0.65 | 1.65 | e*p 301
ZEUS BPT 97 | 6x 1077 0.001 | 0.045 0.65 | 3.9 etp 301
ZEUS SVX 95 | 1.2x107° 0.0019 | 0.6 17 | 0.2 etp 301
ZEUS NC 96-97 | 6x 107> 0.65 | 2.7 30000 | 30.0 | e*p 301
ZEUS CC 94-97 | 0.015 0.42 | 280 17000 | 47.7 | e*p 301
ZEUS NC 98-99 | 0.005 0.65 | 200 30000 | 159 | e p 319
ZEUS CC 98-99 | 0.015 0.42 | 280 30000 | 164 | e p 319
ZEUS NC 99-00 | 0.005 0.65 | 200 30000 | 63.2 | e*p 319
ZEUS CC 99-00 | 0.008 0.42 | 280 17000 | 60.9 | e*p 319

High Q? NC and CC data limited to
100 pb-! e*p
16 pb”! e7p
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HERA Charged Current e*p Scattering

|-§|- 120 I I I | I I I I | I I I I | I I I I |
P
o | &P —~vX 1 Polarisation dependence of CC cross section
00100 | ° :I;US | now final from H1 and ZEUS
O
- == HERAPDF 1.5 .
80— e p—vX —
| ® Hi ]
- Eﬂ O ZEUS |
60 — ~HERAPDF 1.5
40 — —
I * ]
201 Q? > 400 GeV? __
B y<0.9 N
I I | I I | I I | I I
-100 -50 0 50 100
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Polarlsed NC Cross Sectlons

\ <

ZEUS
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{e)

T UL | T T T L T LAY | TrTTTTT
[ Q> =200 GeV* Q 250 GeV? Q* =350 GeV* Q* =450 GeV*

1 L | £ . .
0.5 | i \ 1 ] ]
0 - | 4 . -
ol HH + | R ETT | | r el ol EETETETT |

b | T hRRM | LA | L T LA | RN | LAY | T
=650 GeV* Q* =800 GeV* Q% =1200 GeV Q? =1500 GeV*
1 L | £ . .
L 4 O 4
0.5 | - T . .
0 - | £+ 4 4
b — - HHHH— - HH——
[ Q*=2000 GeV’® Q> =3000 GeV® | Q* =5000 GeV Q’ =8000 GeV’
1 - | 4 _ _
05 %&\\ - \ %\E - i
ok N 1 i Bh&\
- HHHH———HHHHH——HHHH HH——HHHH] ] sl 2' """"1 .
Q? = 12000 GeV> = 20000 GeV? | Q* = 30000 GeV> 107 10
1F - T e ZEUSNC
I e'p (78.8 pb™),
P, = +0.32
! — SM (HERAPDF1.5)
05 [ - T 1 o zEUsSNC
e*p (56.7 pb™),
&5 P, =-0.36
_ °o 1 % 1 8 | —— SM (HERAPDF1.5)
0 P | T | EETEETIT AR | r ol IR pal raal Lo
102 10! 102 10 102 10!
X

Eram Rizvi

Polarised NC measurements completed
for e*p,ep,L-handed, R-handed scattering

Difference in L,R scattering visible at high Q?
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.- Compendium for HERA

N <

HERAPDEFI.0

Combine NC and CC HERA-| data from HI & ZEUS
Complete MSbar NLO fit
NLO: standard parameterisation with |0 parameters

&s = 0.1176 (fixed in fit)

Eram Rizvi

HERAPDEF1.5

Include additional NC and CC HERA-II data
Complete MSbar NLO and NNLO fit
NLO: standard parameterisation with 10 parameters

HERAPDF | .5f

NNLO: extended fit with 14 parameters

HERAPDF|.6

Include additional NC inclusive jet data 5 < Q%< 15000 S, '

Complete MSbar NLO fit ,
NLO: standard parameterisation with 14 parameters
s = 0.1202 + 0.0013 (exp) * 0.004 (scales) free in fit

HERAPDF1.7

Include 41 additional F¢c data 4 < Q%< 1000

Include 224 combined cross section points E;=575/460 GeV
Complete MSbar NLO fit

NLO: standard parameterisation with 14 parameters

-a=="
-
PR
-

29



N w4

- Combined HiDatal || /- i HEE S W

New H1 data are combined with all previously published H1 inclusive cross section measurements

854 data points averaged to 413 measurements
v /ndf = 412/441 = 0.93

Normalisation shifts for H1 data after averaging

Precision medium Q?2

Source Shift in units of standard deviation Shift in % of cross section HERA-| data ~unshifted
6! (BH Theory) —0.39 —0.19

6%2 (et 94-97) —0.46 —0.66

653 (e~ 98-99) —0.69 —1.20

64 (et 99-00) —0.07 —0.10

6% (QEDC) 0.81 1.70 New high Q2 HERA-I
670,07 (et L + R) 0.84 080 | data shifted by ~1.7%
68,6 (e L + R) 0.84 0.89 (less than | std.dev)
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73 1, 242 _ o . x f /. . | m o
.. H1 Systematic Error Source Correlation, #==2 “Q‘S’

ey

4 'l \ :
£ o

N w4

Data set 5E SE 50 sh N §B sV 55  gpol

et Combined low Q? | §~!

et Combined low E, | §~!

ot NC 94-97 sc1 stz §EL s01 shi §N1 §BL . _ _

e+ CC 94-97 g _ g v ogmogn _ | correlation ofHil systematic

¢~ NC 98-99 §C1 s£3 0 sEL 562 shl N1 gBL . _ _

e~ NC 9899 highy | 651 683 §EL §02 ghl gN1  _  _ §S1 _

¢ COIs ot o - - MNPl T = = 1§01 0.5% BH theoretical error
e+ NC 99-00 5L 5LA §E1 502 shl  gN1 sB1 . §S1  _ HERA.|

ot CC 99-00 §L1 sLa . _ gl gN1 s§BL gV2  _  _

et NC high y §E5 §L6 §LT  §E2 503 §h2  gN2 o 552 0% — 2.3% Compton lumi error
e~ NC high y L5 §L8 5L §E2 §03  sh2  sN2 o sS2 HERA-II

¢TNCL A B YCC Compton unc. error
ot CC L 5L5 §L6 _ _  gh2 §N3 s§BL sV3 _  sPl HERA

o+ NC R §C5  sLT sE2 503 sh2  sN2 Bl _  sP2

ot CC R §L5 LT . _  gh2 §N3 §BL §V3 _  sP2

e~ NC L §C5  sL8  sE2 503 sh2 N2 Bl _  sP3

e~ CC L 5L5 L8 . _  sgh2 §N3 §BL §V3 _  sP3

e~ NC R §C5 L9 sE2 s63 sh2 sN2 Bl _  sP4

e~ CC R §L5 §L9 _ _  gh2 §N3 §BL sV3 _  sPd
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Data Period Global Per Period Total

Normalisation | Normalisation | Normalisation
et Combined low Q? 0.993 — 0.993
e™ Combined low E, 0.993 — 0.993
HERATI et 94-97 0.993 0.999 0.992
HERAT e~ 98-99 0.993 1.003 0.996
HERATI et 99-00 0.993 1.005 0.998
HERAIl e L 1.029 0.991 1.020
HERAIl et R 1.029 1.013 1.042
HERAIl e~ L 1.029 1.010 1.039
HERAIl e R 1.029 1.014 1.043

Eram Rizvi

normalisations from HIPDF 2012

Low Q? data shifted by -0.7%
HERA-1 high Q2 by  -0.3%
HERA-Il high Q2 by  +2 to +4%

All shifts are <I.3 std.devs
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HERAPDF1.0 HERAPDFI.5

Combine NC and CC HERA-| data from HI & ZEUS Include additional NC and CC HERA-II data
Complete MSbar NLO fit Complete MSbar NLO and NNLO fit

NLO: standard parameterisation with |10 parameters NLO: standard parameterisation with|10 parameters
Xs = 0.1176 (fixed in fit) HERAPDF|.5f

NNLO: extended fit with 14 parameters

desy-09-158
) 5 . , HI-10-142 / ZEUS-prel-10-018
xf(x,0;)=A-x"-(1-x)" -(1+ Dx+ Ex")

A8 A8 xg(x) = Agx"(1-x,

xXu, xU = xu + xc Xi(x) = Ay xPe(1 — x)Cu (1 + Euvxz),
Xd, —=— XD =Xxd+ XS ey ] (x) = Ag xBo(1 - x)Ca,

xU xU = xu + xc xU(x) = AgxPr(l - x)©o,

xD xD = xd + X5 xD(x) = ApxBp(1 —x)°P.

xs = fsxl_) strange sea is a fixed fraction f; of D at Qp?

Apply momentum/counting sum rules:

| Parameter constraints: 0= 1.9 GeV? (below m,)
de (xu, +xd, + xU + xD + xg)=1 EU" = Bdé 0? > 3.5 GeV?
0 Ubar = DBDbar ]

1 1 sea = 2 x (Ubar +Dbar) 2x10%<x <065

de u, =2 J-dx -d, =1 Ubar = Dbar at x=0 Fits performed using RT-VFNS

0 0
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v

& QCD A}nalvsis (

HERAPDFI.0 central values:
A B C E

Experimental systematic sources of uncertainty allowed to float in fit
Include model assumptions into uncertainty:

Xg 6.8 0.22 9.0 fS‘ ’ mC ’ mb) QZO) szm
Xy | 3.7 0.67 4.7 9.7 Variation | Standard Value | Lower Limit | Upper Limit
xd, | 2.2 0.67 43 f; 0.31 0.23 0.38
xU | 0.113 -0.165 2.6 m. [GeV] 1.4 1.35@ 1.65
xD | 0.163 -0.165 2.4 my, [GeV] 4.75 4.3 5.0
Q> [GeV?] 3.5 2.5 5.0
0? [GeV?] 1.9 1.5® 2.5d)
2 — 0
X Indf = 574/582 (Q)Q% — 18 Om, = 1.6
®) £ =0.29 @ f =034

Excellent consistency of input data allow standard
statistical error definition:

Ay?= |

In 14 parameter fit:
release Byy = Bdv constraint
allow more flexible gluon

xg(x,0)=A-x"-(1-x)° —A-x¥ -(1-x)”

allows for valence-like or negative gluon at Q¢?

Exclusive jet data required for free s fit
See talk of Krzysztof Nowak
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.. Charm:Content of the Proton

X

Q° = 4 GeV? Q° = 6.5 GeV’ [ Q° =12 GeV?
sl MR | Ll 1 nl Ll Pl | nl MR R |
R Q° =20 GeV? Q* =35 GeV? R Q* = 60 GeV?
piaal Ll Ll il Lol Ll P e | Ll Ll
2 2 2 2 - 2 2
Q" =120 GeV Q" =200 GeV Q" =400 GeV
sl 1 1 | 1l | 1 | | tarnnl 11 |

HERA Inclusive Working Group

T

T

Q2 = 1000 GeV?

- -3 -
10* 10° 1072

10™

10° 1072

e HERA (prel.) X
HERAPDF1.0 + F; (prel.)
— RT standard
— RT optimised
— ACOT-full
—S-ACOT+
— ZMVFNS

- -3 -
10* 10° 1072

X

August 2010

The inclusive charm content of proton

can be measured in several methods:

D* decays , impact parameter significance...
Combination yields ~5-10% precision

Data cover wide phase space region
including charm threshold region

Theory predictions have small spread
= use optimised m. parameter

Spread of LHC Z/WV production predictions is
reduced ~4.5% — ~0.7%
when using optimal value of m,
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