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O) 8~ M=10TeV Q=M ~ LHC: largest mass states at large x
R E For central production x=x,=x>
g s M=x+/s
o) - :
3 65 Vi = 1Tev i.,e. M > | TeV probes x>0.1
- Searches for high mass states require precision
5 :_ knowledge at high x
N Z' | quantum gravity / susy searches...
4:_ M = 100GeV DGLAP evolution allows predictions to be made
- High x predictions rely on
3F v= e data (DIS / fixed target)
N * sum rules
2 s * behaviour of PDFs as x— |
1=
O:' [ 1

Log(x)

Eram Rizvi PDF4LHC - CERN - Oct.2012



“d

.- Structure Functions

1 N B

Fz oc z(qu. T xqi) Dominant contribution The NC reduced cross section defined as:

£ O°x 1 d’o*

o

xlé oc E(X% — x@-) Only sensitive at high Q2 ~ Mz? ve 20’ Y, dde2
. =Y -
- ) Ove ~ F, F —xF;
FL <, - xg(x,07) Only sensitive at low Q? and high y Y,
The CC reduced cross section defined as:
2 2 77 +
similarly for pure weak CC analogues: ot — 27TX{MW +0 } do ¢
cC 2 2 2
W;, xW; and WLi G, M, dxdQ
dGci;C 1 + + 2vq7
ddeZ = EI:Y+ W2 + Y— 'XW3 _y WL :I
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1.and ZEUS

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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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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ERA'Structure Fu
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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 ep 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

PDF4LHC - CERN - Oct. 2012 7
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http://www.springerlink.com/content/516g4052v8270405/?p=5b0cfbe35b7a43abb353466a5ad91e3b&pi=0
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. High: Q% NC:Cross Sections
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IIIIIIII T IIII|||| T T TTTTT IIIIIII| T T IIIIII| T TTTTITI IIIIIII| T IIIIIII| T TTTTmm IIIIIII| T T IIIIII| T TTTTT
le) i Q*=200 GeV? ] Q*=250 GeV* | Q*=350GeV* | Q*=450 GeV* ]
1+ -+ + + 8 -
0.5 |- \\ T 1 1 ]
[ ] I I _ High Q2 is the EWV physics regime:
oF | I | I | I | ] Z° contribution enhances as Q? increases
R T e R Rt e RO R RN e R A e R e R RTell| R UTEY IR NNRt| e ]t
i Q*=650 GeV* ] Q*=800 GeV* | Q*=1200 GeV* | Q*=1500 GeV? |
1 - T T 7 Final measurement of ZEUS NC e*p data
05 L T 1 1 ] Shown here for P=0
I ] 1 il ] Polarised measurements also available
o L T 1 1 ] .
HHH| A Compared to published NC ep data
[ Q*=2000GeV? ] Q> =3000 GeV” ] Q> =5000 GeV’ Q> =8000 GeV” ]
1 - i i i —
05 — \\ —
0 _HIH”I I IHH”I I IH”E vl vl e
Q*=12000 GeV? | 107 107
1+ -+ + - e ZEUSNC
i T T I e'p (135.5 pb™),
L 1 1 i P, = 0 (corrected)
. 1 + { —— SM (HERAPDF1.5)
05 [ T T 71 o ZEUSNC
i 1 1 J ep(169.9pb™),
o T T o P, = 0 (corrected)
o b 1 ~ 1 e | —— SM (HERAPDF1.5)
IIIIIII| 1 IIIIIII| 11 IIIIIII| 1 IIIIIII| L 11 iinil IIIIIII| 1 IIIIIII| 111
102 10" 102 10" 102 10"
X
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.. High:Q* NC: Cross Sectior

(x,Q%) x 2!

10*

Onc

10°

10?

10

N

ns.
X

H1 Collaboration

13

i

)

x =0.00005,1=21
x =0.00008,1=20
x =0.00013,i=19

e x=0.00020,1i=18
x =0.00032,1=17
x =0.0005,1=16
x =0.0008,1=15

X =

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

x=0.0013,i= 14
x =0.0020,i = 13
x = 0.0032, i = 12

T T T T HY precision 1.5% for Q2 < 500 GeV?
= factor 2 reduction in error wrt HERA-I

» HINCep,P =0
= HINCe'p,P =0

2 o : :
* HlLowQ Statistics limited at higher Q? and high x
o Fixed Target

..... H1PDF 2012, ¢ p
—— HIPDF 2012, e'p

Extended reach at high x compared to H1
preliminary data

0.005,1i=11
x=0.008,1=10
x=0.013,1=9

This x region is the ‘sweet spot’
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?

(U
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Transformed to Q 2 = 1500 GeV?

® Hl
— HI1PDF 2012

H1 Collaboration

HERA I+I1

vZ

ZEUS T
— . ZEUS NC e’p (305.4pb™), Q=1500 GeV? 0.8/~
— _ _ SM (HERAPDF1.5) i
— ----SM (ZEUSJETS) N
— . SM(CTEQ6M) 0.6—
= - SM (MSTW2008) } L
— 0.2
= 0
— Lol Lol 1 10

10 1

X
At high Q2 xFs arises d Z0 eff I, Y, o a 5t
t high Q* xF3 arises due to Z° effects xF, = (GNC — 0

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)

PDF4LHC - CERN - Oct. 2012
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NC

1.8

1.6

1.4

1.2

."NC Cross Sections

N

H1 Collaboration

Hl1 NCep

H1 NC e'p
H1PDF 2012,¢ p

H1PDF 2012, e'p

HERAII

Measurement extension to high y
at high Q?

Sensitive to FL and xg
Difficult measurement:

- low scattered electron energy Ec>5 GeV
- large photoproduction background

0.8 | |
10 10°
Q* [GeV7]
Total uncertainty reduced by factor 2:
HERA-I ~4%
HERA-II ~2%
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Electron scattering
2

do.,. G| M —
CC — _F Y w0+ (- y)(d +5) ]

dxdQ* 2m|\ M? + QO

H1 Collaboration
Q* =500 GeV? T  @*=1000GeV?

=300 GeV? ]

QA

CcC

0 : ——HHHH— } HH A
Q? = 3000 GeV? T  Q@=5000 GeV? ]

HH] - ——
L5 Q2=2000 GeV? T

| I ! |
0 1 K\R Dt\xk
0-: +—t 4 4 =i it t ::Hr: bt ettt t ::H;

HH———+—HHH— A — HHHH——HHHH]
I Q?=8000 GeV? T  Q*=15000GeV? T Q?=30000 GeV?

] o HICCep,P =0 ]

- T+ — HI1PDF 2012 =
ol T ¢ T xwro) 1+
: \\: 5\: 5
0 N pl ol d oyl Lol o by oyl Lol N |||||m
107 107! 102 107! 107 107!
X X X

H1 combination of high Q? CC data (HERA-I+I)
Improvement of total uncertainty

Dominated by statistical errors

Provide important flavour decomposition information

Eram Rizvi

Positron scattering

el Evea (@ +2)+(1-y)(d+5)]

- IHllnCollall)lorqtilo”rlll

2_' L T T R | T T AR | T
G F Q*=300GeV? Q% =500 GeV? Q* = 1000 GeV?
CcC [
1.5 T T ]

i 1 1 .
05 - Tr + .

0 E ] A HHH—
08F  @=2000Gev? T  Q@=3000GevV> T  Q'=5000GeV: ]
0.6] 1 1 ]

I ' 1=
04F T | T 1+
: N 1=
02fF I I 15
L K , ] m

0 ——+rHH— - Pl sl o e

[ Q*=8000 GeV? Q*=15000 GeV? ] 10 10"
- 1 X
02 T 1 = HICCe'p,P =0
I ] — HI1PDF 2012
ol 1 (-y)’x(d+s)
O-u il L T MRS Y B e | PR | .fK:
10 10" 10° 10"
X X

CC e+ data provide strong dy constraint at high x
Precision limited by statistics: typically 5-10%

HERA-I precision of 10-15% for e+p
Large gain to come after combination with ZEUS

PDF4LHC - CERN - Oct. 2012 12
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»..~CC.Polarisation Dependence YW ‘ \‘QSI
R S i . - £ 1 e : /e / N 3 . . - L

f
b
o 4 ., :'x

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

N w4

ZEUS

/,\.
1§

{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

i 2
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Polarised NC measurements completed
for e*p,ep,L-handed, R-handed scattering

Difference in L,R scattering visible at high Q?

PDF4LHC - CERN - Oct. 2012
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."NC Polarisation Asymmetry . . YW ¢ \‘QSI
..\'\.‘ S8i7 ' £ o A "'"'4 ‘ I./l_..\ /- l 55 | Ky '," A% I ‘ , 3 i

+ O.Sf— I T T I T T I _':1'
< = 3
04 E NC polarisation asymmetry:
£ 03F E
E 0ok s
F0 1 4.2 o (Pp) - oF(Pp)
"E E T PF_PE oE(PE) 4+ ot (P)
0F- E L r 97UL)TOTUR
3: 3 . ZEUS NC e*p ( 135.5 pb™) E
-0-35— — SM (HERAPDF1.5) ep alread blished —i
04F | ( P | y Pubil )_f A + 1—|—dv/uv
C | [T R N R | | I R N | | L tlal"geX A O(:l:l'i
10° 10* 4+ dy [ uy
Q* (GeV?
. H1 Collaboration
Ai | I I I I ] I I I I o | I _]
i o A" (¢'p) i
0.5~  —— HIPDF2012 [
. ¢ —
Or A S 5 ]
: SR S B ek ]
n N kR T —
05 o A (ep) .
[ - HI1PDF 2012 L1
B —
. 1D
_1 | | | | | 1 1 1 | | | | | | 1 1 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? '

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

+

Q? = 650 GeV?

H1 Collaboration

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
! B S
] A 1m
T 1 | m
1 10! 1
X X
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..CombinedHlData; "\ . ~ . s 7 \‘QSI

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)

Eram Rizvi PDF4LHC - CERN - Oct. 2012 |7
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HAPDF 2012 | o BN 20 (TR HEE YaY
.\'\-‘ ‘ _. : , A" "{1 _\;% ' :L s : .‘ ;";":.,';,'-’ ;l :‘ R\ (:' -

N

New PDF fit performed: can be thought of as a ‘stepping-stone’ towards HERAPDF2.0

/
xg(g;) = Ag ng (]_ — x)cg — Alg xB g (]_ — Qj)25 , Parameter Central Value Lower Limit Upper Limit
B B C 9 fs 0.31 0.23 0.38
xuv(m) o Auva: uv(l I) o (1 + Euva: ) ) me (GeV) 1.4 1.35 (for Q2 = 1.8 GeV) 1.65
xd, (a:) = Ay pBdy (1 _ x)Cdv ’ my, (GeV) 4.75 4.3 5.0
. B C Q2. (GeV?) 3.5 2.5 5.0
:EU(:C) = AUCC 7(1 — CC) 2 , Q2% (GeV?) 1.9 1.5 (fs = 0.29) 2.5 (me = 1.6, fs = 0.34)

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

Apply momentum/counting sum rules: Parameter constraints: Q0’ = 1.9 GeV? (below m,)
1 o Bubar = Bpbar 0? > 3.5 GeV?
de (xu, +xd, +xU +xD+xg)=1 sea Ex (Ubar _Dbar) 5 % 10 < x < 0.65
o 1 Ubar = Dbar at x=0 n . 4 using RTVENS
f. = sbar/Db its performed using RT-
fdxu=2  [drd =1 Poarhar
0 0

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

, 2
i —mi (1= 35900 )| 52 m2 152 um,
ey D TD WK Al S
5i,uncui + 0

' 2
. 2 2 2 . . i - . . '
v 5i,uncmi 5i,stat/”l’1m1 (1 Zj 7ij> J i i,stat/™

modified y? definition includes In term to account for likelihood transition to % after error scaling

Eram Rizvi PDF4LHC - CERN - Oct. 2012 |18
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~~H1PDF 2012 E 7 | el

e .
. o 4 : . ' |
N g o) : b d PEE—

H1 Collaboration H1 Collaboration
/-\O.S | | | IIIIII| | | IIIIII| | | IIIIII| | I TTTT /-\ -I- | | IIIIII| | T T TTTTI | | IIIIII| | I TTT1
2 2

X ot Q*= 10 GeV I (N
S i — HIPDF 2012 1 =10 F ~ =
p< B experimental uncertainty p< " xS .
+ model uncertainty xXu 7 B |
O 6 0 + parametrisation unc. , \ ] ]
. -~ £=0.5 fit 4 i |

| Q’=10GeV?

1 - — HIPDF 2012

~ [ experimental uncertainty
- + model uncertainty
~ B + parametrisation unc.

i | IIIIIII| | IIIIIII| |

ol N\ 102
0t 10° 107 10" 0t 10° 107 10"

¥ /ndf = 1570/1461 = 1.07

Fit with unsuppressed strange sea (fs=0.5) is well within error bands
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> 0.6

HI Collaboration = \Qsl
' (O

xd

0.4

0.2

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

-0.1

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

102 10!

—
o
IS
—
o

High x gluon is also improved from scaling
violations

-0.1

0.4

Xg

0.2 . Uncert. due to H1 HERA I data

. Uncert. due to H1 HERA I+11 data

2 2
- Q*=1.9 GeV

0.4 T
10™ 10 107 107!
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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
-

21
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HERAPDF2.0

Include final: Combined F2¢ now at 2" stage of
HERA-I low/medium Q? precision F; internal review

HERA-II high Q? polarised NC/CC data

HERA-II low/medium energy NC data Expect journal submission ~ early Nowv.

-=> HERA-I+1l F, combined data - almost ready
HERA-I+II multijet data - awaiting H1 publication

Final structure function measurements from H1 / ZEUS now published
Combination of the data is underway
New combination will include:

HERA-| published data

HERA-II published data

low/medium energy E;=575/460 GeV run data

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?)
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.. Conclusions

HERA
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do/dQ? [pb/GeV?]

1073

10°

A HiepNC
% Hi1e'pNC
o ZEUS e pNCHERAI

o0 ZEUS e*p NC HERA I
mmm= SM e p NC (HERAPDF 1.5)

= SM e*p NC (HERAPDF 1.5)

A
- —
S
Hie p CC .
H1 e'p CC

ZEUS e p CC HERA Il

ZEUS e'p CC HERA II
SM e p CC (HERAPDF 1.5)
SM e*p CC (HERAPDF 1.5)

y<0.9 f
P.=0

10”7
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10° 10*

* H1 / ZEUS completed their final SF measurements

* New HERA-II data provide tighter constraints at
high x / Q?

* These data provide some of the most stringent
constraints on PDFs

o Stress-test of QCD over 4 orders of mag. in Q2
* DGLAP evolution works very well

* HERA data provide a self-consistent data set for
complete flavour decomposition of the proton

* New combination of HERA data underway

e Combination = HERAPDF2.0 QCD fit
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..~H1 Systematic Error Source Correlation',
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Data set oL s 50 sh N sB gV 55  gpol
et Combined low Q? | §~!

et Combined low E, | §~!

et NC 94-97 sC1 sz §EL g61  shl  gN1 §BL _ _  _
ot CC 94-97 §L1 sL2 . _ gkl gN1 gBL sVI _  _
¢~ NC 98-99 §L1 §£3 §E1L g62 shl §N1 gBL . _ _
e~ NC98-99 highy | 661 €3  §EL 4§02 ght N1 _ 551 _
e~ CC 98-99 §EL k3 g gNL gBL gV2 o
o+ NC 99-00 §C1 sL4 gEl s62  shl gN1 §BL _ §S1
et CC 99-00 sl sca . _ gl gN1 gB1 sV2 _ _
et NC high y §L5  §L6 ST §E2 63 sh2 N2 §S2
e~ NC high y §L5 L8 §LO §E2 63 sh2 N2 sS2
et NC L §L5  §L6 §E2 563 sh2 §N2 §BL  _  _  sPl
ot CC L §L5  §L6 . _  gh2 gN3 §B1 sV3 _ Pl
ot NC R 5L §CT §E2 §63  sh2  §N2 sBL  _ _  §P2
et CC R §L5 5LT _ _  gh2 gN3 §Bl V3 _ P2
o~ NC L 5L §L8  §E2 503 sh2 gN2 sBL  _ _  gP3
e~ CC L §L5  §L8 . _ gh2 sN3 §BL sV3 _  5P3
e~ NC R §L5 §L9 §E2 563 sh2 gN2 Bl _  _  sP4
e~ CCR §L5 §L9 _ _  gh2 gN3 Bl sV3 _ P4
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correlation of HI systematic
error sources

0L — 0.5% BH theoretical error
HERA-I

0% — 2.3% Compton lumi error
HERA-II

0%¢-% — |.5% Compton unc. error
HERA-II
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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
HERAIle™ R 1.029 1.014 1.043

Eram Rizvi PDF4LHC - CERN - Oct. 2012

normalisations from HIPDF 2012
Low Q? data shifted by -0.7%
HERA-I high Q? by -0.3%
HERA-II 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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& QCD A}nalvsis (

HERAPDF1.0 central values: Experimental systematic sources of uncertainty allowed to float in fit

A B C E Include model assumptions into uncertainty:
Xg 6.8 0.22 9.0 fS‘ ’ mC ’ mb) QZO) szm
xuy | 3.7 0.67 4.7 9.7 Variation | Standard Value | Lower Limit | Upper Limit
xd, | 2.2 0.67 4.3 12 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
Qﬁm [GeV?] 3.5 2.5 5.0
0? [GeV?] 1.9 1.5® 2.5D
2 — 0
. /ndf = 574/582 @@ =138 ©Om, = 1.6
®) £ =0.29 @ f =0.34

Excellent consistency of input data allow standard
statistical error definition:

Ay?= |
o . In 14 parameter fit:
Exclusive jet data required for free s fit release By, = By, constraint
See talk of Krzysztof Nowak allow more flexible gluon
xg(x,0)=A-x"-(1-x)° —A-x¥ -(1-x)”
allows for valence-like or negative gluon at Q¢?
Eram Rizvi PDF4LHC - CERN - Oct. 2012 28



.-.;‘:. . 882 % : ;. : o - AN .\,‘!(ﬂ” / :
.. Charm:Content of the Proton

'.‘v‘. 3 e : . . N : 5 3

o - 2 _ 2 - 2 _ 2 - 2 _ 2
W o4l Q"= 4 GeV i Q°=6.5GeV i Q° =12 GeV g
¢ N
@ , :
0.2 - 3 The inclusive charm content of proton
_ \ 2 can be measured in several methods:
\ [ [ D* decays , impact parameter significance...
I | ] e P N Combination yields ~5-10% precision
UM 0.6+ Q° = 20 GeV? R Q* =35 GeV? R Q* = 60 GeV?
I Q.
| o
0.4} : : o
[ 0 . .
) \ > Data cover wide phase space region
0 _ = including charm threshold region
[ o
'3} 0 AT BT B TIT R R A TIT] AT B ST RS T BT | L ;
IThh [ Q® = 120 GeV” ' Q® = 200 GeV? ' Q® = 400 GeV? o
0471 ‘ [ = Th dictions h Il spread
D eory predictions have small sprea
L L = o« e
_ } _ _ S => use optimised m. parameter
i i ¢ i c
0.2 £
_ _ _ \ <
_ | o
_ L
P3) 0 AT R BT B SRR ETT] B S S W R TTT] B S SN AR TIT] B AT SR TS TT] B W T TT] R SR AN TTT] R S I
o o [ 2=1 V2 - - - - - -
L g3 7000 10* 10° 102 10* 10° 107
[ X X
0.2L e HERA (prel.) ) ) o )
ol HERAPDF1.0 + F(prel.) Spread of LHC Z/WV production predictions is
— RT standard ~ o/ 3 ~ )
01k ) —RT optimised reduced ~4.5% 0.7%
— ACOT-full when using optimal value of m,
0 Lot it v —S-ACOT
4 3 - — ZMVFNS
10" 10~ 10

X
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~-DIS Jet Cross Sections

1

Y
N < .

-
-

ZEUS inclusive jets | 39 pb-! Q? > 125 Nucl. Phys. B765 (2007) 1-30
ZEUS inclusive jets | 82 pb-! Q2> 125 Phys. Lett. B649 (2007) 12
HI inclusive jets 395 pb"! 150 < Q2 < 15000 [EP)J Cé65 (2010) 363-383
Hlinclusive jets | 44pb! | 5<Q2<100 |EP| C67 (2010) I-24

H1 and ZEUS (prel.)

Jet data bring significant sensitivity to s

Disentangles correlation between xg(x,Q?) and s — exp. uncert. §
---- th. uncert. 5
HERAPDF 1.6 : Simultaneous NLO QCD fit to Aiviuiivtibi e 5

- combined NC inclusive cross section data
- combined CC inclusive cross sections data H1 high Q® norm. k; multijets e
- normalised HI/ZEUS inclusive jet data Eur. Phys. J. C65, 363 (2010)

H1 low Q2 k; multijets o
Eur. Phys.J.C67,1(2010) ~ CTTTTeemeIoReeeeess
as(Mz) = 0.1202 £ 0.0013 (exp) ZEUS incl. k. jets 96-97
+ 0.0007 (model) Phys. Lett. B 547,164(2002) =0T7¢
+ 0.0012 (hadronisation) ZEUS incl. k. jets 98-00 .

+0.0045 Phys. Lett. B 649, 12 (2007) Tt

—0.0036 (scales)

World average
S. Bethke, Eur. Phys. J. C64, 689 (2009)

Only combined PDF / &s fit on the market

HERAPDF Structure Function Working Group

0.11 0.12 0.13
ag(M.)
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O D P e Py Y '2, o > ALY LR Trijet Cross Section
~High: Q4 NC: Multi-jets’ - 2 0 - & : :
-k £4Tal T PINELT ‘ W : °?> 10" 150 < Q“ <200 GeV °?> - 200 < Q" <270 GeV
b R AL \ "4 : 8 § H1 Data (prel.) 8 i
. a ==NLO ® ¢, ® Z° g g2l e
Hlprelim-11-032 S HERAPDF 1.5 S E N
n_"10 e o~ -
o O -
. . X .o o O 10-3_
New HI measurement of inclusive, dijet and trijet rates ¥ ;42 ME
: ceeol s . 3 H1 Preliminary ° s ‘
First measurement of double diff’l trijet cross section g . e .
. : o 1. o 14
Significantly reduced systematic errors 5 1h 5 1*
0.8 0.8
o, : : M . | .
| % hadronic scale uncertainty 8 910 20 8 910 20
For now - unnormalised cross sections... <Pr>[GeV] <P,>[GeV]
"’: i 270 < Q% < 400 GeV’ "-’:10-2 400 < Q® < 700 GeV’
. . L a2l [0
Jets in Breit frame: 5 < Pt < 50 GeV 210 o o L—
o N 2 i
Mi2 > 16 GeV I- - T n_|—1()'3:— S —
”; 10° 3 ‘g ;
L . . 2 F 2 7 SR —
Greater sensitivity to Xs with more jets 5 f e S10°E
. . . L L L L : L L L L
High Q? and large jet Pr = multi-scale QCD problem ¢ 1.2} o 1.2}
.. ) c 1 s 1
Good description in NLO T 0.8 — N | o 0-8—. o |
i 8 910 20 8 910 20
(worse for di-jets at low <Pr> ... <P_> [GeV] <P_> [GeV]
«,'_'10-3 2 2 o 10°F 2 2
S 700 < Q" <5000 GeV L 10k 5000 < Q" < 15000 GeV
& 8
Qo Qo i
Q. Q. B
:_10'45— ——— :_ I ;
- 3 .
g f o 10°F
O = O C *
. 1 2 P2 % 10° ¢ % -
NLO calculation tr = Ur = 5(@ + T) ©10°¢ | S |
. . ) 1.2 0 1.2}
scales varied by factors of 2 for uncertainty g 1 5 1f
T o8f R T o8f |
8 910 20 8 910 20
<P.>[GeV] <P.>[GeV]
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- High Q2 NC Multi-jets |

5
N

Hlprelim-11-032

Di-jet rates in reasonable agreement
~10% discrepancy at low <Pr>
Data want smaller &s or smaller xg ?

Extract &s independently for each jet data set in NLO
PDF uncertainty from CT10 error propagation

Inclusive jets:
a,(M,)=0.1190+0.0021(exp.) +0.0020 ( pdf ) o.ooee (th.)

Dijets:
a,(M,)=0.1146+0.0022(exp.)+£0.0021 ( pdf )" o ooe (th.)

Trijets:
o (M,)=0.1196+0.0016 (exp.)=0.0010( pdf ) o oo (th.)

Achieved ~1% experimental precision on (s
Theoretical uncertainty (scales) dominate ~4%
PDF uncertainty ~1%

To come:

Use of normalised cross sections
cancellation of systematic uncertainties
— reduced error for s

Eram Rizvi

Dijet Cross Section

=Y

% 150 < Q% < 200 GeV?
3 ¢ H1 Data (prel.)
o 10 ==NLO ® ¢, ® Z°
Q. *

'—l'_ HERAPDF 1.5
a 10

) s Y —

g
X 10°
S H1 Preliminary .

! P | ! ! !
o 1.2
s 1
Cosk | | o
8910 20 30 40
<P.>[GeV]
"-’:10-1 270 < Q° < 400 GeV’
(]
S
2107 *
=
ﬂ. *
2 10°
o]
S
*
3 10
L L L L L
o012
g 1
osF *, | e

8910 20 30 40
<P.> [GeV]
"’: 700 < Q% < 5000 GeV?
& 10°
‘é *
|_
N% 104 — —
O
3
3 10° .
N P | N N N
o 1.2
T 1
T o8l °, | S
8 910 20 30 40
<P.>[GeV]
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v F 200 < Q% < 270 GeV?
> -1
3 10 g
0 E ——
= TP
=107
«
~E10 :E
3 e
! P | ! ! !
.9 1.2_‘
SR
T ogk °, | .
8 910 20 30 40
<P.>[GeV]
"’: F 400 < Q° < 700 GeV’
> n
8 yo2f
3._ E —
a . 3|
S10°F T
] -
NE 4-
510 E S
L | L L L
o 1.2
I
08 ., , , !

8 910 20 30 40
<P.> [GeV]

o107 F 2 2

L 5 5000 < Q" < 15000 GeV

> -

g *

-%'_10'55— d

% o
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‘_:?‘10 —
E . . .

.9 1.2_‘

® 1f

T osf *. | .
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