QCD analysis of combined HERA FzCE data
and Impact for the LHC

ﬁHELMHOLTZ UH
|GEME|N5CHAFT 'lii Universitdat Hamburg
R. Placakyté
on behalf of and Eus
::\70{\

PDF4LHC
29 Nov 2010, DESY

Outline:
- Introduction and motivation
- Scanning of m_in different heavy flavour schemes

- Predictions of Z/W" cross sections at LHC
- Summary

R. Placakyté, 29.11 2010 1



Heavy Quark treatment in PDFs

There are different prescriptions how to treat heavy quarks in PDF fits,
l.e. different heavy quark schemes:

Fixed Flavour Number Scheme (FFNS) number of flavours (i) is fixed
c(b) quarks massive, only light flavours in the proton i=3(4)

General-Mass Variable Flavour Number Scheme (GM-VFENS)
number of flavours is variable

matched scheme, different implementations used by PDF Fit groups
- charm mass m. becomes effective model parameter — m_ ™

Zero-Mass Variable Flavour Number Scheme (ZMVFNS)
all flavours massless (breaks at Q* ~ m4?)

Motivation:
- full QCD analysis of HERA charm data

this study: PDFs with charm data using existing GM-VFN schemes
and impact to cross section predictions at LHC
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Impact on the LHC predictions

mcm°de' = 1.65 GeV

15 | (m ™= 1.4 GeV in central fit) - variation of m_™%' changes

predictions of Z/W cross

W-
|
11 I|IIII|IIII|IIII

sections at LHC by ~3%
05 -
e ————— A.M.Cooper-Sarkar,
ﬂ.ﬂg PDF4LHC, March 2010
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- sensitivity to charm of the LHC cross section predictions comes
from flavour sensitivity of the inclusive DIS data

xU=xu+xc xU=xu+xc xD=xd+xs xD=xd+xs

- where U (and D) is fixed by F, data (below b mass threshold)
larger m_™%' — less c in sea — more u

- important at low Q? and low x
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HERA charm data

Preliminary F_“© measurement - most precise determination of F,* from HERA

- combination of 9 H1 and ZEUS measurement — 5-10% uncertainty
- significant contribution to DIS cross section

» H1 and ZEUS
iy L Q*=2GeVv? | Q*=4Gev? | & Q*= 6.5GeV? %
0.2 - g - ¢ - good agreement of HERAPDF1.0
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QCD analysis of F *~ data

NLO QCD analysis of the preliminary HERA F < data
- together with the published inclusive HERA data (HERAPDF 1.0)

- same settings as in HERAPDF 1.0 arXiv:0911.0884

- different implementations of GM-VFN schemes for heavy flavour
treatment used in this study:

RT standard used by MSTWO0S8

RT optimised [arXiv:1006.5925]

ACOT-full used by CTEQA4,5,6HQ
S-ACOT-y used by CTEQ6.5,6.6,CT10
ZMVFNS used by NNPDF2.0

- the optimal m_m' value is determined for each of these schemes
(m_m°%! (opt)), which gives the best description of the HERA data

- PDFs are propagated to MCFM to calculate Z/W* cross section predictions

Note: studies of charm data with other schemes e.g. FFNS, ABKM and
NNLO (RT) are not yet available, will be added in future
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rnCmodel scan
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mcmodel scan

HERA | inclusive HERA | inclusive + F,*
H1 and ZEUS (prel.) H1 and ZEUS (prel.)
~, 680y 1 = N, T .
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- m_ ™% (opt) is determined fitting the x* dependance on m_m*“
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m_. "% scan: different HQ schemes

H1 and ZEUS (prel.)

o
H1 200 HERAPDF1.0 + F<(prel.) %
I —— RT standard z - different schemes have
I e B obtmised 2 different optimal m _mode!
i mimime S-ACOT <
IMVENS
1000 - N
i 5 scheme | m/**(opt)
B o
I £ RT standard 1.58
800 — - % RT optimised 1.46
‘ z ACOT-full 158
i = S-ACOT-y 1.26
60— | = ZMVENS 1.68

| | | | |
1.2 1.4 1.6 1.8
mz* | GeV

All models yield similar y* values for m_™%' = m_"“*(opt)
except ZMVFNS which returns significantly worse value
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Comparison with data (at m_."°*(opt))
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ZIW cross sections at LHC

a 32r
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ZIW cross sections at LHC

NLO Z° — I'T at the LHC (/s = 7 TeV)
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— could explain part of existing
differences between PDFs
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ZIW cross sections at LHC
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ZIW cross sections at LHC
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Summary

Heavy quark treatment in PDFs is essential
- significant impact for LHC cross section predictions

NLO QCD analysis of HERA F_ < data using various HQ schemes was
presented

- m_m°d¢! (opt) determined for each HQ scheme with full uncertainty

- with m_mede! (opt) uncertainty on the Z/W cross section predictions
at LHC is reduced to below 1%

R. Placakyte, 29.11 2010
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Back-up slides

R. Placakyte, 29.11 2010
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m_ "% scan: different HQ schemes

RT optimised
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m_ "% scan: different HQ schemes

S-ACOT-y
H1 and ZEUS (prel.)
o~ ]
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PDF determination in HERAPDF 1.0

DGLAP at NLO — QCD predictions

PDFs parametrised (at starting scale Q?,) using standard
parametrisation form:

xg(x)
Xuy(X)
xd,(x)
xU(x)
xD(x)

Xg, XU,

= A, xBo(1 = 0%, A: overall normalisation
_ Al_,va*“-‘ (1 = x)Cu (1 N El_,vxz), B: small x behavior
5 ; C: x— 1 shape
= Agx (1l —x)*,
' The optimal number of parameters

_ _+Bo1 — Co :
= Agx?(1 -x)"7, chosen by saturation of the y?
_ ADXBD(I _ )C)CD. - central fit with 10 free parameters

xd,, xU, xD

where xU=xU and xD=xd+Xx5s at the starting scale (xs=f.xD with f,.=0.31)

uv’

Ay A

Ay, are fixed by sum rules

extra constrains for small x behavior of d- and u-type quarks:
B,,=Bg4,, Bg=Bg, AU=A5(1'fs) for u=d as x—0

R. Placakyté, 29.11 2010 18



Analysis Settings

NLO QCD analysis of the preliminary HERA F ¢ data
- together with the published inclusive HERA data (HERAPDF1.0,arXiv:0911.0884)

- standard HERAPDF 1.0 settings used (qcdnum17.0, arXiv:1005.1481)
(o, =0.1176, scale p =u =Q?% Q* ;= 3.5 GeV?)

min—

with two parametrisation assumptions:

standard: flexible:
xf(x) = AX’(1 - »°(1 + EX®) xg(x) = Angff(l —x)% - A;xgﬁ(l — X%
2 2
- 30 ? =1°| Gevl - (allows for a negative gluon
=1 : gluon (ref.) contribution at low x)
= 20 } |
- standard
10f flexible
0 gt , ,
Q20=1-9 GeV?, 10 10 10 10 y Q 0=]__4 GeV?,
m_m% scan: 1.4 - 1.8 GeV m_ Mm% scan: 1.2 - 1.8 GeV

R. Placakyté, 29.11 2010 19



Heavy Quarks at HERA

Heavy quarks at HERA are produced mainly
in boson-gluon fusion

- test of pQCD, access to the gluon

Charm contribution to total DIS cross section
- up to 30% at high Q?

Measure heavy qyark structure functions
- direct test of HQ schemes in PDF fits, e.g. charm structure function:

2

> (x,0%)

R. Placakyté, 29.11 2010 20



Introduction

Preliminary HERA F_““ measurement

- significant contribution to i 05
DIS cross section
0.25
- most precise determination
of F “from HERA o
2
- combination of 9 H1 and
ZEUS measurements .
(HERA | + part of HERA 1) 0.5
- different charm tagging
methods
0
- covers 2 < Q%< 1000 GeV? 05
and 10° < x < 10
- 5-10% uncertainty o

R. Placakyte, 29.11 2010

H1 prelim-09-171
ZEUS-prel-09-015

https://www.desy.de/h1zeus/combined_results/index.php?do=heavy_flavours
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Charm measurement: ZMVFNS

Charm measurement at HERA:
- ZMVFNS doesn't describe heavy flavour data

P -1
> 10 | R C)
D -
o i .
< i Y
- —
< i
) -2
2 10 | |
3 ’
L[ H1
10 ! Lol
1 10
p*;(D”) [GeV]
R. Placakyté, 29.11 2010

do,;./dQ” [nb GeV™“]

-
o

-
o

10

1
w

1
=9

- ® Hidata
- Y | HVQDIS
_ —— . ZMVFNS
- e p*{(D*) >2 GeV
- ®
- H1
| | | | | |
2
10 10
2 2
Q" [GeV7]
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RT scheme (standard vs optimised)

0.3

F5(x.Q7)

0.1

MSTWO08 '

———— GMVENSI
---------- GMVENS2
GMVENS3

------------------- GMVENst  RT standard

GMVENSS
---------- GMVENS6
__________ GMVENSopt
---------- ZMVFENS

~~"RT optimised |

x=0.0001

S
(S

R.S. Thorne, PoS (DIS 2010) 053

R. Placakyte, 29.11 2010

- compared to standard
RT optimised scheme
is smooth at threshold
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S-ACOT-y scheme

2
ACOT full with generalised slow rescaling = ACOT y vy == {1 + (HQLQC)]

Comparison of ACOT code with CTEQ (Nadolski/Tung)

=2 Gev ACOT code
~ | &
30 5 TN N 0 S—ACOT lines, from top: Nadolsky/Tung
[ /7
/W A 2=QP+am,? 1=0.2
2.5 = - \ H c ¥ - . .
ST gamigy | esulschedk same ACOT code is implemented
/o, N o A=Y . .
G20 ) ° 3 QP ramaco in hlfitter
o/ PGP em2 A0 - fit results were confirmed by
2 15 ' ace Voica with independent code

from Fred Olness

Compare a with -~ ACOT x scheme is (again) used
for m_scan studies

0 ACOT-plain
m SACOT-plain

0.5¢ A SACOT-y, Olness
® SACOT-y2, Olness

bottom curve

0'100*5 104 1073 001 0.02 005 01 0.2
X

x={(1+5" mQ?)"

Fred Olness 23 June 2010 Looptest

R. Placakyté, 29.11 2010 24



Systematic uncertainty on m_ "

- to determine systematic uncertainty on mCmOde' HERAPDF1.0 prescription

was used:

- o variation (+0.002)

- vary parametrisation (e.g. Bu #Bd )
- vary model parameters (fs,mB,szm,

°, 650[

Variation| Standard| Lower | Upper
fs 0.31 0.23 0.38
my 4.75 4.3 5

@, | 35 2.5 5
Q?, 1.4 - 1.9

(uncertainty from Q? assumed to be
symmetric and treated as procedural)

Systematic uncertainties on m_m** obtained
for each heavy flavour scheme —

R. Placakyte, 29.11 2010

HERAPDF1.0+F; (prel.) RT standard

640
630/
620+

610

600— diff from mc (1 :572): 0.006, 0.000, -0.006

———————— alphas=0.1156
alphas=0.1176
7777777 alphas_0.1196

145 15 155 16 165 17

my | GeV
scheme m " (opt)
+0.02

RT standard 1.58 03
RT optimised | 1.46 +8 82
+0.03

ACOT-full 1.58 ¢4
+0.02

+0.06

ZMVENS 1.68 _g o7
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model

Application of m, scan: Z/W cross sections at LHC

Z/W cross sections calculated with MCFM 5.7
- same conditions as for the PDF4LHC benchmarking at Vs = 7 TeV

- uncertainty from m_m*% 2 32: B
propagated to Z/W cross sections ~ 31 Z (s=17TeV)
© i
30 e
scheme m /" (opt) o,(nb) - e
i .
+0.02 +0.07 s -
RT standard | 1.58 /5 | 29.27 ), 29¢ '*
RT optimised = 1.46°yos | 29.17°g7; 28—
ACOT-full | 1.58%00, | 29.28"07 : *  HERAPDF1.0 + F(prel)
0.02 0.08 271 RT standard
S-ACOT-y | 1267004 | 29.37 15 :
+0.06 +0.19 L
ZMVFENS | 1687000 | 28.717030 260 - . .

mZ' | GeV
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ZIW cross sections at LHC: summary

- same conclusions with HERAPDF1.5
(preliminary combined inclusive HERA 1+I1l data)

R. Placakyte, 29.11 2010

scheme | m.™(opt)  Z/dof | x/ndp (FS5)|  o,(nb) o, +(nb) | o,—(nb)
RT standard | 1.58700: 620.3/621 42,041 | 29277077 | 57.82*0°% | 4022707
RT optimised | 1.467002 | 621.6/621  46.5/41 | 29.17°0% | 577501 | 40157010
ACOT-ful | 158°0% e212/621 59941 | 20287020 | 57937018 40167012
S-ACOT-y | 1.26°0% 6307/621 68541 | 2937°0% | 5806702% | 40.23°01
ZMVFNS | 168700y 667.4/621 88.1/41 | 2871020 | 56.77'0s | 39.46

max diff: 0.7% 0.5% 0.2%

(with ZMVENS)  2.3% 2.3% 2.0%
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Systematic uncertainty on m; "

L, 650
640
630
620
610

600"

(3] —
= 6507 -------- DuvFree
: DubarFree
640; ******** DdbarFree
630 _ _
620 \ o
610
6001 diff from my (1.572): -0.011, -0.023, -0.000

HERAPDF1.0+F; (prel.) RT standard

FSTRANGEO23
FSTRANGE031
FSTRANGEO038

opt

 diff fromm. (1.572): -0.001, 0.000, 0.001

145 1.5 1.55 1.6 1.65 1.7
mge | GeV

HERAPDF1.0+F; (prel.) RT standard

14515 155 1.6 165 1.1
m | GeV

R. Placakyte, 29.11 2010

o -
= 650i ———————— mB=4.3

L mB=4.75

640 o mB=5.0
: i

630 \ //

620 N

610

600; t‘:hff fron’ll me (1|572) 0.009, 0.000, -0. 0‘04

L, 650

640

630

620

610

600

HERAPDF1.0+F " (prel.) RT standard

14515 155 1.6 1.65 1.7
me* | GeV

HERAPDF1.0+F; (prel.) RT standard
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