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The HERA ep collider (1992-2007)

Status: 1-July-2007
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Deep inelastic scattering at HERA NC event in H1 detector:
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-> Data well described by DGLAP NLO QCD




HERA inclusive data sets  Low Q2<~150 Gev2high Q2>~150 Gev?

HERA T e'p ep
H1 Low Q% | NC 22 pb
High Q2 NC 100 pb' | [ NC 16 pb!
CC 100 pb CC 16 pb!
ZEUS Low Q2 NC 30 pb'1
High Q2 NC 108 pb"! NC 16 pb!
CC 108 pb' | | CC 16 pb™
HERA IT e’p ep
H1 High Q2 NC 182 pb NC 150 pb!
CC 182 pb CC 150 pb
ZEUS High Q2 NC 136 pb! NC 170 pb!
CC 132 pb- CC 175 pb!

+ further data sets from low Ep runs efc. 6
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HERA inclusive data sets  Low Q2<~150 Gev2high Q2>~150 Gev?

HERA T e’p ep

H1 Low Q% | NC 22 pb
High Q2 NC 100 pb' | [ NC 16 pb!
CC 100 pb CC 16 pb!
Low Q2 [We 30 om HERAPDF1.0
ZEUS p JHEP 1 (2010) 1
High Q? NC 108 pb"! NC 16 pb!
CC 108 pb' | | CC 16 pb™

HERA IT e’p ep

_ NC 182 pb-* NC 150 pb-*!

H1 High Q2 P P
CC 182 pb-* CC 150 pb!
ZEUS High Q2 NC 136 pb-" NC 170 pb!
CC 132 pb- CC 175 pb!

+ further data sets from low Ep runs efc. 3



HERA inclusive data sets  Low Q2<~150 Gev2high Q2>~150 Gev?

HERA T e'p ep
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HERA IT e” -~

NC 182 pb-!
CC 182 pb"!
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+ further data sets from low Ep runs efc. 9



HERA inclusive data sets

Low Q2<~150 GeV2,high Q*>~150 GeV2

=> Future goal:
combination of all the
published measurements
and PDF fit

HERA T e'p ep
H1 Low Q% | NC 22 pb
High Q2 NC 100 pb' | [ NC 16 pb!
CC 100 pb CC 16 pb!
ZEUS Low Q2 NC 30 pb'1
High Q2 NC 108 pb"! NC 16 pb!
CC 108 pb' | | CC 16 pb™
HERA IT e’p ep
H1 High Q2 NC 182 pb NC 150 pb!
CC 182 pb CC 150 pb
ZEUS High Q2 NC 136 pb! NC 170 pb!
CC 132 pb- CC 175 pb!

+ further data sets from low Ep runs efc.
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The HERAPDF1.5 family

xf

H1 and ZEUS HERA I+II Combined PDF Fit

NLO
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Obtained with the HERA

10!

July 2010

Available at
NLO
NNLO
and now (sep. 2013)
also at
LO

HERA Structure Functions Working Group

s
[

o) open source QCD fit framework,

see poster by P. Starovoitov
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HERAPDF1.5 compared to HERA e*p NC data
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-> Data well described over huge Q2 and x range by DGLAP NLO QCD
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HERAPDF1.5

hredictions for Tevatron
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-> Data well described by HERAPDF1.5
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HERAPDF1.5 predictions for (exemplary) LHC jet data

Ratio to NNPDF2.1

Ratio to NNPDF2.1
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-> Well described by HERAPDF1.5
-> These data yet to be used in PDF
fit, carry information on high-x gluon
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Can we get PDFs just from the LHC?

At Q2=1.9 GeV2

LIC
[LHC+HERA m
[LHeC(just incl.)

Using simulated LHC W, Z and jet
data with ultimate precision

1.1 .
estimated from current
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b
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X
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1.1

-> Not with any precision
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HERA Charm production and schemes

Massive scheme: Q?~m_? Massless scheme: Q2>>m_ 2

ZM-VENS

=

Mixed schemes: interpolate, but how to do

transition? - numerous variants GM-VFNS
16



HERA Charm data combination

cC

red

0.2

W H1VTX ¥ H1D* HERA-I ZEUS D*98-00 ¢ ZEUS D°
A H1D*HERA-I O ZEUSc— X A ZEUS D*96-97 =& ZEUSD* H1 and ZEUS
i Q%=25GeV? | Q%=5GeV? | j" Q%=7 GeV?
E fgq. B g i!i
- < l = ; - -

II|||H| | HIIIII| | IIHIUJ LIl IIHIIIl | HIIHI‘ | II||IH| L1l II|IIH| | HIHII| | IIHIIIl L1l
B Q%=12 GeV? Q%=18 GeV? Q%=32 GeV?
i I i i :
S W T
i s i iy P,

IIIIIH| | HIIIII| | IIHILlJ [N IIHIIIl | HIIHI‘ | IIIIIH| [N IIIIIH| | HIHII| | IIHIIIl [N
B Q=60 GeV? Q?=120 GeV? | Q=200 GeV?
- T - -

\ ﬁ :

- % - - Ti

LU | HIIIII| | IIHIUJII Lo L | HIIHI‘ | II||IH| %\IH L L | HIHII| | IIHIIIl L L
= Q°=350 GeV* | _ Q=650 GeV* | Q°=2000 GeV?
i B i e HERA
I i i |
_ Fal .l

IIlllHl | HIIIIII | IIHlI_IJ [Nl IIHIIll | HIIMIJ | IIllIIJl L LI IIlIIHl | HIHIII | IIHIIll | llﬁl

10* 10° 107 10? 103 1072 10* 10° 1072
X

Combine D*,D*,D9, u and
lifetime tag data

take correlated systematics
fully into account

EPJ C73 (2013) 2311

~ ~CC
G red
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HERA Charm data combination

cC
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Combined charm data vs NLO GMVFNS

EPJ C73 (2013) 2311

HERAPDF1.5:

 only inclusive DIS data
« RT standard scheme

> NLO GM-VFNS ok

->large theory uncertainty
dominated by m_ variation

H1 and ZEUS
0 Q?=2.5 GeV? Q%= 5 GeV? Q%= 7 GeV?
o i i
0.2+
i i + ¢
B L ¢
. L J
0 ||||||_|J | ||||||_|J L1 0hiin L1l \IIII| | ||||||I| 1 IIHII| 1 |||\||_|J | I
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B ()
L
o L ]
0 11 | | I_IJ | IIIIII_II |\|||I| | ||||||I| 1 117 IIHII| 1 IIIHI_IJ | I W
0.5 Q’=60 GeV” Q’=120 GeV? | Q’=200 GeV’
0 | |_|J 1 ||||||_|J 1 ||||||_|] | Wi | ||\||||| | |||||||| Lo e 1 III\III| 1 |||\||_|J L 111l
0.5 - Q’=350 GeV? Q°=650 GeV® | Q’=2000 GeV?
L i |« HERA
I | =—HERAPDF1.5
0 LiLL | 1 l.ll].lu] 1 l.ll].lu]\ J.H.IIH‘ 1 IH.IHJ 1 Il.llulll\ ||||l.|l.| 1 J.IH.III.l 1 J.IHIuJ Im
10* 10° 102  10* 10° 102 10" 10° 107

X
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PDF plus charm mass parameter fit

EPJ C73 (2013) 2311

— RT standard - - ACOT-full ZM-VENS
---RT optimised --- S-ACOT-y
H1 and ZEUS
-~ — T T ] L
= 7501 Charm + HERAA inclusive .
™~ RT standard
b S I — RT optimised )
----- ACOT-full -
= —ime=s S-ACOTy
700 ZM-VFNS _|
| * Mgpt
650
L -
600 | | | —
1.2 14 1.6 1.8
M. [GeV]

 Fit combined charm and inclusive DIS data
» GMVFN-schemes with charm pole mass M_

59
©
M, = 1.4 GeV
Using instead
M, = M_opt

Qz =5 GeVz

Q%= 7 GeV?

-=> Various GM-VFNS: interpolate differently between massive and massless schemes
- different quality of charm data description for fixed M. compensate by M_°rt values
-> stabilises flavour mixture in PDF - stabilises LHC predictions (W,Z) (see backup)
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Impact of charm data on PDF  Example: RT optimal scheme = 75 (201

H1 and ZEUS H1 and ZEUS

S Yt
pe pe

Q* =10 GeV?

|| HERAPDF1.0 13p ]
HERAPDF1.0 + charm

7

S5
SR
... f.
S5

" %
ot
2505
o

X X
0543
A
<

5

<, S
R

e

o 2000

T
:
g X

R
ARRS
Fotute%s!
e
055

35
%
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-> improve sea flavour decomposition
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Conclusions

Inclusive DIS
* Final H1 and ZEUS Nevtral and Charged Current bulk data sets available since 2012

 Best precisions of ~1.5% for NC data with Q2 from few to 500 GeV?
« Data well described over large Q2 and x range by NLO QCD
« Ongoing work on final HERA combination
« HERA Data based PDFs are essential for predietions at the LHC,
we recommend HERAPDF1.5 (NNLO, NLO, now also @LO)

Charm production
* Precise combined HERA charm DIS data — test heavy quark mass terms in pQCD:

 variable flavour number schemes:
 Data can separate between them, compensate by M
« improve sea flavour decomposition
* Fixed flavour number scheme ot shown, see hackup):
 Provides the best data description
* Fit running m.(m.)= 1.26+0.06 GeV
* Further new precise ZEUS charm DIS data: D* and D+ [(not shown, see backup): 7



Backup slides
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1 B B i - e ZEUSNC
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- + {1 —— SM (HERAPDF1.5)
05 [ T T 71 o ZEUSNC
1 1 ep(169.9pb™),
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o F T ] e | —— SM(HERAPDF1.5)
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Reduced NC
cross sections

ZFUS final
high Q2 HERA Il results

completed by e+p NC data

PRD 87, 052014 (2013)

Best precisions of ~1.5%

-> Data well described by
DGLAP NLO QCD
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Charm production at HERA

d Large contributions to incl. DIS
[ Sensitive to g(x)
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Charm contribution to DIS: F,cc




Z,W cross section predictions for LHC

EPJ C73 (2013) 2311

H1 and ZEUS

3 | I I I | | I | | I | | _

c 39 . Charm + HERA-I inclusive i

N B —— RT standard ZO -

@) IR RT optimised +* opt _

31| -~ AcOT-ul Mc N

- -.-. S-ACOT+ 1
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290K e
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270 -
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-> optimal M. reduces significantly uncertainty
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ZM-VFNS
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* M

H1 and ZEUS
T { T T T -

W+ -

| Charm + HERA-Il inclusive

— RT standard
RT optimised
=== ACOT-full
- -.- S-ACOT-y
ZM-VFNS
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Impact of charm data on PDF Example: RT optimal scheme =2 <73 (2012)

2311

H1 and ZEUS

HERAPDF1.0 + charm i

‘ -> stabilise sea flavour composition ‘
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Combined charm data vs ABM FFNS prediction = * %

H1 and ZEUS
Sb 3 i Q%=2.5 GeV? | Q%=5 GeV? | Q=7 GeV?

o2 i ] Use MS running mass
i i i NLO+ partial NNLO
LI | IIIIIII| L 111l L | IIIIHI‘ | IIHIHl |

o.g | Q’=12GeV* | Q’z18 GeV? | Q°=32 GeV?

0 _IHHH | IIIIIII| | IHHUJ | \ | IIIIHI‘ | IIHIHl | 11

0.5 Q°=60 GeV* | Q°=120 GeV? | Q°=200 GeV?

: : \ \
0 _IHHH | IIIIIII| | II\HUJ L1 _IIIHII | HIIHI‘ | IIIIIH| LIl _IIHIHl | IIIHII‘ | IIHIHl Lol
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T i | e HERA
i \ | BB ABMO9SNNLO MS
B B | ") ABMOSNLO MS

4* -> Very good
0 cood ol el ™ el vl |h cod ool o ||mn|\|7 descri ption everYWhere
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Fit: PDF plus MS running charm mass

EPJ C73 (2013) 2311

=

620, —

m,(m_.) =1.26 £0.05

PDG:

H1 and ZEUS
— T ]

o~ 700—
680
660

640

T

Charm + HERA-| inclusive
e FF (ABM)
mc(mc}=1'25 + 0.05 GeV

42 14 16
m,(m ) [GeV]

exp

+0.03, 4 30.02,s GeV
1.275 2£0.025 GeV (lattice QCD + time-like processes)

 Fit combined charm
and inclusive DIS data
« use ABM FFNS

-> nice and

consistent result

30



Brand new charm results in DIS: D* and D+ o=V
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