@ D™ + jets in DIS
and photoproduction

Andreas W. Jung (Fermilab)

for the H1 collaboration ICHER\

PARIS/2010)..

* Infroduction

> D* (+)jet) cross sections

» Extraction of F ¢ (x.Q%

» Combination of F ° (x.Q?)
> Conclusions

# 22.07. - 28.07.2010 International Conference on High Energy Physics



@D D* production: boson-gluon-fusion

Dominant probess for charm- Kinematic at,/s ~ 320 GeV:
production in ep -scattering: » Photon Vir’FucIiTy:

o k k
QQ _ —-q2 _ —(k _ k’)2

E(e)=27.5 GeV

Q? ~ 0 GeV? Photoproduction
¢ Q? > 2 GeV% Deep Inelastic Scattering
* Inelasficity: Bjorken x: 5
Y = vl €T o= ¢
] kp 2(p-q)
E(p)=920 GeV D* via Fragmentation:; )
g X » Pseudorapidity: n = Intan (é)
P ® Transverse momentum:  py¢
» Elasticity:  E(D*) = pu(DY)
: : T 2-yE,
Study production mechanism: e

» @°, m?_or p’ provides a hard scale for p QCD
o Test of heavy flavor freatment in pQCD
» Parton densities (“gluon structure”) in the proton = test universality

= multiscale problem
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@D Theoretical models

Factorisation ansatz:

do =Y [ (va,1y) @ doijpx(pg) @ Dy (2, p1y)

i.].k Parton density functions (PDFs)l Matrix element: calculable to B Fragmentation function:
from global fits to data different oders of from data
Many approaches on the market:
N LO(OS) + PS: - collinear factorization  PYTHIA (DGLAP, massive/massless)
- collinear factorization RAPGAP (DGLAP, massive)
- kfactorizafion CASCADE (CCEFM, massive)

(all MCs use Lund fragmentation (uds) and Bowler (c)

a NLO(GS"’): - Collinear factorization HVQDIS (DGLAP, FENS, massive,
independent Fragmentation)

/MVENS (DGLAP, ZM-VENS, massless,
KKKS08)

o NLO(GS"’) +PS: - collinear factorization MC@NLO (DGLAP, massive, cluster
fragmentation)
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D D*+ JZT.S' pho toproduction """

D*+2 Jets in yp

D+2Jets iny p
W 41500~ w —— .
% 1500~ H1 Prellmmary —— Data E '—"E—' H1 Prellmlnary ]
o - s 1t * -
I - — Fit =
S 1000 - ' &
@) i ?é
o S 10" | E
Q, L
Zz 500~
i i 5 10 15
N(D*)=3937+114 | p,(D* jet) [GeV]
013 0.14 015 016 0.17 _ oeesee
A m=m(Knr)-m(Knr) [GeV] § L HA Pre"mmaw f
- Full HERAIl sample (L=93 pb™) & 1. ;
- Total systematic error: ~ 9% s
-8 10" L —4— Data (H1 Prel.)
- Phase Space cuts:  ncanto
pT(D*)>2.1GeV&Ir](D*)I<1.5 '-5----1'0----15

p.(jef) >3.5GeV & In(eh | < 1.5

In(D*jet) | < 1.5

-1.5 < n(other-jet) < 2.9

(other-jet is jet with highest pT(jeT)

other than D*-jet

pT(Other jet) [GeV]

do/dn [nb]

do/dn [nb]

6 -

D*+2 jets inyp

D +2 ]ets iny p

H1 F'rellmln:;irzn,;r

n(Other jet)

- Comparison to MC@NLO (CTEQ66)
- Uncertainty band from scale variations
s MC@NLO too low in normalization

@ Shape fits quite well
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@D D*+jets photoproduction "™

- Longitudinal momentum fraction of L 2 (B =p2)j+ 3 1 (E—p.)
the photon carried by the jets: 2,UE@
- At low x significant contribution from - reselvedy
! . R RSN N
resolved (quasi-real) photons: E: \ g L
- Low X sensitiv To the photon PDF E g F
y - E ; ) 5 )
D*+2 jets inyp D*+2 Jets in /p
— T T T T - E T T ]
E 20 LH1 Preliminary E c 20 H1 Prellmlnary o
P et = — o ST —F
O 15 [ — Pythia Massive . --Q 15 [
E [ — Cascade ] © E MC@NLO : .
© 10 F == | ° 10} — :
5 —= : 5 F—= :
P B B PR R F ................... ]
O 02 04 06 08 1 O 02 04 06 08 1
X X,

s High X direct processes well described by either MCs & MC@NLO
s Low X resolved processes not described by any model, but better by MCs

# A. Jung D*+jets in DIS and photoproduction 5


http://www-h1.desy.de/h1/www/publications/htmlsplit/H1prelim-10-072.long.html

@D D*+jets photoproduction H'Pe™ 0073

—————————— ===

- I\/IX iNnvariant mass of the remnant from
photon & proton side

My
}ﬂ[,\-
}
D*+2 jets inyp D*+2 jets inyp
; E‘ L ; 1 E' L L
8 4 H1Preliminary ] 8 -H1 Preliminary
= 10 ? ; —}— Data (H1 Prel) = I —}— Data (H1 Prel.)
= | | mc@nLo | = 10" = | | mcenLo
=1 = " ;
2 a3 L i 3
= E 2 C i
8 10 = 07 3 10T 07s |
-4 Col e e e e e ke e e e Lo v
10 50 100 150 200 250 50 100 15 200 250
My [GeV] M, [GeV]

» M, not very well described: At high X, shape reasonably well described but
at low X, the normalization is too low
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@D D* production: medium @ "™

S —e— H1 data (prel.) =) B —e— H1data (prel.)

o g—H1 Preliminary  _____ |yapis (MRsT2004FF3nio) = 3 [~ H1 Preliminary _____ | qpis (MRsT2004FF3n00)
O 8 mimimimd HVQDIS (CTEQS5f3) —~ i mimi=i= HVQDIS (CTEQS5f3)
0 S

c 1= Q
Rl E _____ :‘ 2 L +
— - T
Q 10" £ Ny
~ = 2 N 7;;—‘

o C b> ;7/% i 177
S 102 = T 14
S— =

” =

@ - - i

>

o) S =
s 107 ¢ | N

E Theory scaled by ¢%2_/gedc. E

o tot.vis tot.vis o

Y 15 =n:

i X7
[ ! |
. . . . . . . L
1.25 2 3 4 5678910 20
p_(D%) [GeV]

kShooe comparison - Full HERAII stafistics: L = 347 pb” yields N(D*)~24705
via normalized ratio: - Total systematic error is 7.6% |
_ Yoisl - - Well understood detector allows increased Phase Space:
Lot P(D*):>125GeVand In(DH)l:<1.8

» Data are reasonable described by HVQDIS
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@D D* production: medium G """

do,,. / dQ’ [nb/GeV?

Rnorm

—e— H1 data (prel.) ) = —e— H1 data (prel.)
;':'1 Preliminary _____ pvapis (MRST2004FF3nlo) = - H1 Preliminary ., \jyapis (MRsT2004FF3ni0)
- =:==:=:: HVQDIS (CTEQ5f3) x 10% = ====x HVQDIS (CTEQSf3)
I 'c |
B -~
 — 2 10° =
1 b> =
10 ; o S -
N % 10 £
- - ettt ity
107 . 10 =
E — . ,Gdata I,.-Gc:tlc
12+ Theory scaled by 622 /o2 "g' 1.5 Theory scaled by o7, /o105,
~ | <
1 e $
4 -3 2
6 78910 20 30 40 50 102 10 10 10
Q% [GeV] X

- Theory uncertainty includes scale, mass & fragmentation uncertainty

» HVQDIS describes nicely the @* dependency

@ Slope in x not very well reproduced!

» Double differential y-&* has also been measured, can be used to extract F° (X,Q%)
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@D* production: medium @ """

" = —e— H1 data (prel.) — —e— H1 data (prel.)
> - H1Preliminary . ;y.vens (cTecsem, kkksos) ,E, 10* g_H1 Preliminary ... zu.vens (cTeasem, kksos)
() = =:=:=:=: HVQDIS (CTEQ5f3) > - === HVQDIS (CTEQSH)
— L == U =
2 p* (D*) > 2 GeV ~ 10° £ p* (D*) > 2 GeV
10 FEE & - i
g - © 2 | T
© B 10° £
— —

P - Ly, B

>
S 102 = —— 10

- @ - |
L | L . . Rl e L I I TR R A

E 1.5 Theory scaled by 622 /ol g 31 Theory scaled by o33, /oi
2 o <

Y | gz i

1 G $ & s )
— 1 o *
0.5_ L , , , , L o . | . |
6 78910 20 30 4050 10? 10* 10° 1072
Q? [GeV] X

- For comparison with ZM-VENS: Cut in photon-proton rest frame: p (D*) > 2 GeV

- /M-VENS: Theoretical uncertainty taken from scale variations

» Reasonable description of @° by both NLO calculations, HVQDIS is better in shape

o For x ZM-VENS predicts completely different slope & fails especially at large x
Remark: Only the most recent PDF sets consider mass effects!
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@D D* production:

. Phys.Lett.B686:91-100,2010
high &

- Full HERAIII statistics (L = 351 pb™)

- Total systematic error: 12%

‘-’%' E 0.15 |- E
| — 5 | s R SN N ——
= = Tw i | e
2 Wl gl ; R
E-‘;“ 5 = : } 0.2 | i
'8 al i I *
1% FH1 - H1 H1
2 b _ 2 F T 2 F
R S B e T 1 = = ¢ $ = 3 ¢ ¢
1_ ' '1'0 ] 3 3 0 625 05 075 1
p(D*) [GeV] n(D*) z(D%)
-Phase Space:  p(D*):>1.5GeVand In(OM)1:<1.5 * Hidata
e MCs fail to describe differential D* cross sections .| HVQDIS
» HVQDIS describes the data quite reasonably —— RAPGAP
---------- CASCADE
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. . Phys.Lett.B686:91-100,2010
D p* production: high Q& '

D* production in DIS

N -
> 3. H1 ® Hidata
8 10 % A H1 data (prel.)
S l;ﬁl'ﬁ"l-ﬂ' L., HVQDIS (MRST2004FF3nlo) .
5 102 E_ l_ﬁ-l""—""' 3 NN s kil Gats
- — '
NO - o g - 3 i " HVQDIS
T 10 - — c g < . ZMVFNS
- ) o : —*= [p*(D*) >2 GeV
-8 - —e— % [
1 =3 —0— Hg -4 i
- b 10 |
= 000 < v<07 S R
AL e i ¢
107 = @Y <15 : '
- P (D*)> 1.5 GeV . H1
L 11 I| | | | | 1 1 1 I| | | | I | 1 ] 1 1 1 1 L1 ]
1072 10 - 5
2 3 10 10
10 10 10 6 e/
Q? [GeV?] et

@ Massive FFNS describes cross section over three orders of magnitude!
» Massless ZM-VFNS fails fo describe high Q*region
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&D Extraction of F i(x, &)

d?oC(x,Q?)  2ma? : : )
dzrd()? O ([1 T (1 - ,{/) } F ( (") ) U
Only at high y: 2-3% for this
measurement negligible
Experimental method fo measure F * x.Q9:
Measured cross sections
\ exp /. 2
Oyis (U5 Q )
C exp 2\ _ Yvis ) ¢ theo
F ("/ Q ) T ‘[heo 2 full (’l Q )

N

Using NLO (FFNS)

- Extrapolation uncertainty from variations of scale, mass, fragmentation
- At medium @* measured D* cross section covers only 30%

fp(D)>15GeV& InDdH1:<15

# A. Jung D*+jets in DIS and photoproduction
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@D* production: F.* @ high Q°

L L 1
04 - :%\ Q=120 Gev? [ \'\\ Q%=200 GeV2 [ Q%=400 GeV?
- “"‘h Y
0.3 - "\\‘ — \\ L
C \.“ \\
C .% ", + "\
0.2 __ ‘l\“' — E]\ -
- h, \
r -£ q] \\\\ \.\ {
0.1 P — N, [
“H1 N H1 - H1 ;
[ 1 Ll L Ol 1 Lol wl ! Lo ! L1
107 1072 107 1072 107 1072
X
cc
F )
RN
0.4 [ )\ Q’=120 GeV? [
0.3 - -
0.2 - -
01 [ - -
- H1 r i
nl 1 | [ | [ i
10

Phys.Lett.B686:91-100,2010

H1 D*
H1 VTX
H1PDF2009

H1 D~
MRSTO4FF3

- MSTWO08 NLO

MSTWO08 NNLO
ABKM FFN3
ABKM GMVFNS

» Reasonable agreement between two experimental methods

» H1PDF2009 overall slightly above data

s Within uncertainty data described by MSTW, ABKM

J€
L 3
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@C‘ompamson of F (x,Q’) results

H1 HERAI
-0 D* O VIX
ZEUS HERA I1:
g0 D, D

=2 Ge\/2

1 NLO QCD:
{ — CTEQ5F3

4 Ge\/2

-- MRST2004FF3}

7 Ge\/2

o HVQDIS using different proton PDFs
describes the F2 data reasonable

» Nice agreement between different
experimental methods & experiments

e Details on HT VIX = (1169, P. Thompson)

o Gain in precision by combining data
within one experiment and by
combining with ZEUS

D*+jets in DIS and photoproduction
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@D Combination of Fi(x. ) """

Fcc Combined D* and Charm Lifetime Tag Comblne D* and lifetime results:

FC5 os | OFesCeV| amizee | a=0cev - Gain in precision because of different
systematic uncertainties

- Correlation of Systematic uncertainties
taken info account

- Typical gain ~25%:

L 1 | ] ‘ [ —— | e B | | L1 | L1
2 0.4
- Q%*=60 GeV? o Q2=1‘ 0 GeV? - Q%=35 GeV?

|_|_ B
\-‘ '\ h ’\- 0.3 | 1* h*
| N\ 02| @
’ B - ® combined
B | m D*

0:‘\\\\‘\I\\l\\:‘l\\l‘\l\\l\\_‘\\I\‘\\\I\I

03 [

04 | Q3=200 GeV? a2 Q3%=400 GeV? 0.1 :— A charm lifetime tag
- 3 - H1 Preliminary P
03 |- = ® Data HERA-II .5 -3 -2.5
---  VFNS MSWTO08 (Prel) I0910 X
0.2 | - — VFNsmswTosNNLO (Prel) @ DT AQre reasonable described
---  FFNS MRSTO04FF3NLO 2 . ' '
01 [ Y FENS CTEQSF3 2 At low Q° data can discriminate
0:\HH\‘.H|H:\.H.\‘.H|H between models
4 3 2 4 '3| 2 o For HERA combined results:
0G40 X - see Talk by M. Corradi (1159)
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@D conclusions

» Full HT HERA Il data sample analyzed for photoproduction, medium
& high @?D* production:

» Photoproduction: MCs & MC@NLO dont describe resolved photon domain

o DIS: - HVQDIS describes Data reasonably well
- /M-VENS not able to describe the D* data

» Extracted F2C (x, Q% from D* data & combined with life-time data:

e Gain in precision via combination of data

@ Reasonably described by different calculations
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@D Backup

A. Jung

he
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@D The HERA Collider (1994-2007)

Collected Data samples:

400 I I I | I I [ I I I [

| = electrons
~ —— positrons
L = low E

300 —

200

H1 Integrated Luminosity / pb”
I

100 -

! \ 1 ! |
0 500 1000 1500

Days of running

--> Two multi-purpose detectors: H1 & Zeus
--> Collected Luminosity: HERAI + HERAIl ~ 0.5 fb'

# A. Jung D*+jets in DIS and photoproduction 18



D Event selection & techniques

&*~1000 GeV? o, ~ 1/

» Untagged electron:
Q* ~ 0 GeV?

Track based final states:

H1 Fast Track Trigger!

LAr Calorimeter

electrons . =~ @

e * Scattered electron in
. = | '~ 06GeV* backward calorimeter:
=Sl . = (ent-raI.Jet Chamb IS 5 < Qz < 100 GeV?
» OR in main calorimeter:
5 100 < Q% < 1000 GeV?
Experimental technigues: f,
_ *, + 0.+ +\, £
Fully reconstructed D*: D** — Drn =~ — ( K¥r )ﬂ-slow

total BR of 2.57%
- Inclusive method using lifetime of charmed mesons

—» More details: Talk by P.Thompson

/ displaced
tracks

prompt
tracks

—

7 secondary
<«Rrimary : vertex

—
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D Theoretical models

Factorisation ansatz:

do=3 [ ;B (w9, pr) & dojj—px(py) ® Df (2, fir)

'E'-tjff- Parton density functions (PDFs)l Matrix element: calculable to ® Fragmentation function:
from global fits to data different oders of from data

Many approaches on the market:
3 NLO(of): HVQDIS (FFNS, massive) VS. /MVENS (ZM-VENS, massless)

A. Jung D*+jets in DIS and photoproduction 20
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@D Fragmentation function

* If a hard scale is involved: H1 Preliminary
- jet- & hemisphere method agree well  Rap. default|- —e——i o 2,
- FF also agrees with ZEUS and LEP data .. jefaulil o Zpem Djet

.
—e—Z, ., ho D¥jet

> Tf no hard scale is involved:

- discrepancy at charm production Rap. Aleph = ve
threshold in QCD models Cas. Aleph |- @ ——i
- much harder fragmentation HVQDIS | o +—e—
More information: g
http://arxiv.org/abs/0808.1003v2 2 4 6 8 100(
* Fragmentation uncertainty from FF values
for charm production:

HVQDIS: CASCADE: RAPGAP:
at-threshold: a =603 a=82+11 87<a<l22
above-threshold: a=33+04 «a=46+06 39<a<50

® Threshold position from s (cms energy of
hard subprocess): 70420 GeV2 70420 GeVZ 70+ 20 GeV?
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@D D*+jets photoproduction "™ 073

D*+2 jets inyp

D*+2 jets inyp

S- E R B \ Sl 10'1 —— R ':

0 , [ H1 Preliminary ® H1 Preliminary —— Data (H1Prel)

O 10" - — SR — Pytia Wasess
T —— — Pythia Massless] — Fythia Massive |

= 10-2 - — Pythia Massive_ = Efl Cascade

EX - — Cascade - zx $

O 3 i 1 ©

— - g_ | i‘ = "6

CELA x,20.75 t i1 T x,<0.75

10-4_|...|........ -2 o
50 100 150 200 250 50 100 150 200 250
My [GeV] M, [GeV]
- Parameters of the MCs & MC@NLO: generator proton (u)pdfs | photon pdfs

Pythia massive | CTEQ 6M NLO | SAS 2D LO
Pythia massless CTEQ 6L LO GRV-G LO
Cascade Set A0
MC@NLO CTEQ 6.6 GRV

s High X, direct processes well described by MCs
s Low X resolved processes not described by any model, especially af high M,
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D

H1prelim-10-072
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[1}]

Q

E 1
|_

o

2

S 4

© 10

S

@

Q

E 1
|_

O

D

3 1

C 10

D*+2 ets in fp

H1 Prellmlnary
=

= ——

5 10 15
p(D* jet) [GeV]

D*+2 Jets in fp

——y H1 Prellmlnary
L = .

=

| —¢—Data (H1 Prel) | * ]
=== Pythia Massless S

- — Pythia Massive

- {;aslcaqe . .

<) 10 15
pT(Other jet) [GeV]

do/dn [nb]

do/dn [nb]

D*+jets pho foproducf/on

D*+2 jets inyp

H1 Preliminary
== ==
——| *

-1 0 1
n(D* jet)
D*+2 jets inyp
H1 Preliminary |

0 1 2
n(Other jet)

 In general described by PYTHIA (CTEQS6) and CASCADE (AQ)

J€
L 3
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@D* production: medium Q e

a —e— H1 data (prel.)
= 14 H1 Preliminary ooty ZM- VFNsp(CTEaesm KKKS08)
> === HVQDIS (CTEQS5(3)
T 12 . T~
~ £ o} T(D ) > 2 GeV
¢ e
S 8cC
e A o
6 it
o
=
E _I L L
§ 252
x 2/
1.5
1 H * #
~ 041 02 03 04 05 06 0.7
y

do,,_ / dz(D*) [nb]

Rnorm

—e— H1 data (prel.)
'—66994 HVQDIS (MRST2004FF3nlo)
-------- HVQDIS (CTEQ5f3)

- —&— H1 data (prel.) E‘
C H1 Preliminary i, Z\I- VFNSp(CTEQBBm KKKS08) = - H1Preliminary
8 — ———— HVQDIS (CTEQS5f3) -
: a 10 ++
6 " pT(D)>ZGe\4 N I ,44/'
A = o
4: R e -8 5 %
2 __E_EEE_ L L e
1 5 7‘ E— Theor;v scale;l be c;f;‘[':_i:-“'crf‘:f_‘i“ ‘ I = E "
' sssssbiads &I’z 2
B e 15
0.5 11
0 01 02030405 06 07 08 09 1 5
z(D*)

@ As seen in x also in y ZM-VENS fails completely!

0.
0 0.1 020304050607 0809 1

z(D*)

\ A M-Plot (Crystal Ball + GarnetBg) |

o =-0.945+ 0.047

u., 8000 ; Mt.ean [GeV]=_ 0.145422 i 00.(:)(:):(:]1;
s HVQDIS overshoots at low y S 7000 Noe st 500
» z(D*) reasonable described by ZM-VFNS & HVQDIS = eeo - e
. ‘y % % . & 5000
» Without the additional p,"(D*) cut HVQDIS failsto 5 .,
: * i i
describe z(D™) 3000 £
2000;—
1000 & ' . H1 Prellmlnary
435044 0445 045 0455 046 0465 0AT7
A M [GeV]
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@D* production: med/um Q e

d?c/dn dp_r [nbiGeV]

T

d*c/ dndp_ [nb/GeV]

d%/dn de [nb/GeV]

1.5

0.6

0.01

0.005

0

H1 Preliminary

125<p, m )= 2.00 GeV

-1.5 -1 -0.5 0 0.5 1

6.00 < p_(D*) < 20.00 GeV

-1.5 -1 -0.5 0 0.5 1

d?c/dn de [nbiGeV]

d?a/dn de [nb/GeV]

- 100 GeV?
1 00'* y<0.7

e
t.n

200 < p_(D*) <275 GeV

-1.5 -1 -0.5 0 0.5 1 1.5

=
b

0.15
0.1

0.05

—@— H1 data (prel.)
itteeits  H\/QDIS (MRST2004FF3nlo)

&

mmimim HYQDIS (CTEQST3)

s In general n(D*)-p (D*) cross section reasonable described by HVQDIS
» Forward direction: HVQDIS undershoots dafa locafed af low p (D)

J€
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@D*PFOC{UCTIOI’I hlgh Qz Phys.Lett.B686:91-100,2010

5 s WK | 2
= <
= i H1 K ' n ¥ o4
200 — it E
V o
0.2
100 |
2
T4
0013 014 015 0.6
A m [GeV]
E ; ...............
-é [
e 10 |
© [
® [
1 | H1 $
2 F—
oc 1 f 5 .
— |

s Massive FFNS describbes cross sections reasonably well
» MCs predict different slopes and fail completely to predict the Q@° slope

:.. .................. %

o

[ S —
Heo T

H1 data
HVQDIS
RAPGAP
CASCADE

do,,/dQ’ [nb GeV]

.,

10
Q? [GeV?)

T
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