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« The HERA collider

« Charm and beauty production in deep-inelastic scattering
« Data combination

 The new combined HERA charm and beauty data

« Comparisons to NLO QCD

« Extraction of the charm and beauty quark masses
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The HERA collider

» World's only ep collider 1992- Two collider experiments:
2007 H1 and ZEUS

« 920 x 27.6 GeV (Vs=320 GeV)

 Two collider experiments, H1
and ZEUS

e |ntegrated Luminosity:
~2x0.5 fb™
« e'pandepdata

Angular coverage with EM+had
calorimeters to low angles
Tracking in the central region
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Deep-inelastic scattering at HERA .

e’
e _
 Inclusive processes o H1 and ZEUS |
‘: . ® HERANCep 04~
R - B HERA NCe'p0.5fb™
- Neutral current (NC) 2y i P e oGV
o If :::'__ 'JB]“".’L'E.;".,;I?.N :F‘i_\:ed ’rfrget e
- Charged current (CC) o T, T marros a0
2 2 p L ., 10 ':— ,:,...-’% Jx” i:lzu;.:hi;j:u
Momentum transfer Q*=-q \ X C I e
. exchanged 4-momentum: e L
_— £ EEETE S L il e
* Inelasticity y=(pq)/(pe) g=c—e'=X—p e
* Bjorken-x: x=Q?/ sy i °';::.,
/ L . % 250
* Inclusive cross section measurements from HERA: o b b s ey o
essential to determine proton PDFs W
« What does HERA tell us about charm and beauty inthe = » e
proton? Q7 GeV”

Ored ™ Zl_ O’ (xg+x7g) at leading order
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Charm and beauty production at HERA .

H1 CHARM AND BEAUTY CROSS SECTION FRACTION
b | e B . ik ik Fbok: FRCE:" T ke [T e LR

* New data combination presented today: HERA cross " wom i ' aid

g™ T e foo

sections with extra condition of a charm or beauty 0’ ¥ i
hadron in the final state o Wi Aot e

- Charm contributes up to ~30% at high scales Q2 "’ AT C iy

- Beauty contributes up to ~1% at high scales Q? 104? 4 fx
* Experimental methods :: pisrae iy b

- High pt lepton 10 e b

- Reconstructed D,D* mesons :: ? f

- Impact parameter, secondary vertex lllustration: Charm and i e
beauty fractions at HERA, f
measured in 2009 by H1 ST L S IR RO

10 10° 10° ”140“ 14012 10° ”1Jo 1J02 .:03
Q?/ GeV? Q?/ GeV? Q?/ GeV?
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Predictions for charm and beauty in DIS .

Measured quantity: reduced cross section with charm b e I
or beauty in the final state, at fixed Q? x (extrapolated 2/
to full phase-space) Heavy flavour R
production at
Reduced cross section: double-differential cross section divided by HERA from boson-
kinematic factors. o0 4 : —
goo_d’o Q'x gluon fusion c,b

S dxdO* 2ol (1H1—y))

NLO calculations: T

« fixed-flavour number scheme (FFNS): proton PDF only contains light flavours u,d,s and the gluon.
Heavy quarks are produced in the matrix element [e.g. boson-gluon fusion]

» Variable-flavour number scheme (VFNS): massless c¢,b quarks are part of the PDF. Heavy quarks
are produced both in the matrix element and in the proton PDF at sufficiently high scales (matching
between massive and massless coefficient functions is required for DIS predictions)
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- HiDaa 1 ZEUS

— Total MC
= uds 1

§

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

 Two experiments H1 and ZEUS

 First combination of HERA charm data
published in 2012

Eur.Phys.J.C73 (2013) 2311

. . . atase aggin 2 range & s £
« This talk: new combination of charm = BalL s
and beauty data 1 H1VTX [14] VTX 5 - 2000 245 318[29]12
2 HI1 D** HERA-I [10] prt 2 - 100 47| 38|17
Eur.Phys.J. C78 (2018) 473 3 HI1 D** HERA-II (medium Q%) [20] | D** 5- 100| 348 318|25
4 H1D** HERA-II (high Q%) [15] |D**  |100 — 1000| 351| 318/ 6
: : : 5 ZEUS D** 96-97 [4] ot 1 - 200 37| 300|21
« 13 input datasets, using various il el Dbl yoon bt e e o
experimenta| methods 7 ZEUS D° 2005 [12) o 5 - 1000| 134| 318( 9
8 ZEUS p 2005 [13] u 20 - 10000| 126 318| 8| 8
: : 9 ZEUS D* HERA-I [21] D* 5 - 1000 354| 318|14
. Con3|ste_nt extrapolgtlpn to full phase i lemme B B g M B
space prior to combining 11 ZEUS VTX HERA-II [23] VTX 5 - 1000| 354| 318|18(17
12 ZEUS e HERA-II [19] e 10 - 1000| 363| 318 9
13 ZEUS  + jet HERA-I [16] u 2= 3000 114 | i) [0
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« Combination is done using a fit

 Number of input data points:
209 (charm) + 57 (beauty)

e Fitt % /n,,=152/187

e Inputr data are consistent

« Pulls indicate that uncertainties may
be somewhat conservative

e Combined cross sections:

52 charm and 27 beauty
measurements

QCD@LHC, August 2018

Entries

20

10

Mean = 0.02 + 0.05

| Width =0.77 = 0.03

data—average
uncertainty

Expect to find normal
distributed Gaussian.

pull=

Observed width is smaller
than unity. Possible reason:
slightly overestimated
systematic uncertainties
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Combined cross sections

HERA = H1VTX 4 H1D* HERA-I
v H1D* HERA-l o ZEUS u 2005 ZEUS D" 98-00
A ZEUS D 96-97 o zEusD® ZEUS D*
.« ZEUSD"HERA-l  # ZEUSVTX H1 and ZEUS
183 | o = 2.5 GeV® 1 @% =5 GeV* Q=7 GeV®
© 03f 1 1 * _
0.2f 4 3
01f $¢ 1 4, 1&!
7 = 12 GeV Q' =18GeV® =32 cevfé’ i
041 - *‘i ]# :
02f ‘5&; i Wy, 3
, r, e, %,
0.6 |-0° = 60 GeV? La?=120 Gev® i ¥ La?-200Gev
L *
0.4 k . '
0.2} ’-"*q‘} ;h. L
I % o o Y ” 4 o
0.6 o = 350 GeV* I QF = 650 GeV* 1 @ = 2000 GeV*
0.4}
0.2} $.1 ‘o
f : ; % < : sl
10% 10° 1072 10 10° 10? 10% 10° 107

Bj

$
0.01
0.005

0.04

0.02

0.04
0.02

0.04

0.02}

* HERA ® HIVIX o ZEUS u2005
+ ZEUS pHERA-l v ZEUSe  # ZEUSVTX H1 and ZEUS
Q* = 2.5 GeV® Q* = 5 GeV? 1 ' Q= 71Tu’ - -

i | L4

¥
@ a
| 0% = 12 GeV* | @ =18 GeV* |a*=32 Ga\l"}
¥ e . 5 é'if

| @% = 60 GeV* la*= ;20 Ge\t; % : @'= {m Ga\r‘; 3

gL Y 3

[ L B
Q° = 350 GeV* Q° = 650 GeV? Q = 2000 GeV*

TS v aE * A EEERS TR
10° 10° 10? 10° 10° 10? 10% 10° 1072 .
Bj

Combined data are shown in black, in comparison to input

data
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Combined charm and
beauty data are
measured in 12 bins of
Q2. For fixed Q?, there
are up to six
measurements in X.

Precision of the
combined data is much
improved over the
individual data points




Combined cross sections

* HERA = H1VTX A H1D* HERA-I
© ZEUS y 2005 ZEUSD*98-00  / ZEUS D' 96-97
ZEUS D* » ZEUSD*HERA-l # ZEUS VTX H1 and ZEUS
mg L] 1 L Ll T | L] T T L] |
b 2 2
Q° =32 GeV
04 |- [ qt i
0.2 | T Y4y _
T’ e
L g il
I\l
0 L 1 L 1 L 1 | L L |
10° 10°
Bj

bb
Gred

0.04

0.02

® HERA ® H1VTX O ZEUS p 2005

+ ZEUS p HERA-l v ZEUSe ¥ ZEUS VTX

H1 and ZEUS

T 1 I
Q? = 32 GeV?

T 1]

107

102

Combined data are shown in black, in comparison to input

data
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Combined charm and
beauty data are
measured in 12 bins of
Q2. For fixed Q?, there
are up to six
measurements in X.

Precision of the
combined data is much

improved over the
individual data points

Example: Q?=32 GeV?
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Comparison to NLO QCD (FFNS)

® HERA —— NLO HERAPDF2.0 FF3A
----- NLO ABKM09 i NLO ABMP16 Rise to low x: tvpical . =
..... Hiandzeus * Z°° 2 D g,ui’ﬁl S MENomumRies | gy e d PEUS
'?bf 03-_0’:256@'2 _-_a’:slaevz { __q2=;eev2 E B 128 Q= 2.5 GeV? 0’:5169'«2 : q’:?eevz : )
b3 e 1 Cross section g | !
0.1 B 1 % I volves wi 2 0.005 |- + \I\\‘ 1
L 2= Bz o 2= Ez ] 2= eV'z . . 2= Bz 2= 92 2= e\n"z
o _o 12 GeV -_a 18 GeV “a 3263 | NLO pred|ct|ons 0.04 -_o 12 GeV | a*=18Gev | e*=32a q
ool R ] “'\\\ \\ describe data 0.02}- 4\&\ ]
' RN S reasonably well [ e SO0 N A s
0.6 Q% =60 GeV? 4 Q% =120 GeV? 4 Q% = 200 GeV? - | Q% =60 GeV® ] @* =120 GeV? Q? = 200 GeV?
oaf 1 Improved precision %[ 1
0.2 T compared to the w02l 1
0.6-0’:3;oeav; --Q’:s;oaev: --q2=21nooee:= 2012 measurement o’:a%osav; o’:eisoeev: Q’::.:lI)DOGe\_:’ i
ol , (see backup slides) o.0s} i
0.2} i\ ! . ) . 0.02f I ]
[ e \\ Eern v First combination of S e \ "
10% 10° 10?2 10% 10° 10?2 10% 10° 10?2 : HERA beauty data 10% 10° 102 10* 10° 102 10% 10° 1072
Bj Bj
Charm data Beauty data
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Comparison to NLO QCD (FFNS)

® HERA —— NLO HERAPDF2.0 FF3A

----- NLO ABKMO09 s NLO ABMP16 5 Overall SatiSfaCtory
""" b MILO ARV 19 H1and ZEUS  description of the — HDABMEIE vremmmansmen | 1800 ZEUS
2} F i e HERA c and b dataé_, [ | 11 11

i'+-‘- = e == ket by NLO QCD, not %‘- / it ii

Ezﬂﬂg

T nom
djofecd
—
S
T
——t
H
H
.
I
8+
_t
5
1-‘
T
g

| S tl'"""'I'j" e rva AT S w -ii ............. B T :
BE T Sy T '
208 -_ozzz.se%v’ T =-'é:$;v' { : :G2=7IGeV’ ; _ mUCh dependent Orﬁj {:‘5_0:’:2,5(3.;\«z il Q* = 5Gav’ y Sl Q= ?Gev’
Q7 = 12 geV? oo teaev i a*-32GeV g PDF choice Q*=12GeV i at=18 o ilet= 32 GeV |
12 'E’( g 1.5 ey i1 1 £
1 IR o i [ ."_' < . 1k T A e =0 ] = iy g
[ * No improvement by e I
0.8+ . 0.5+ { + + -
i | approximate NNLO e T
1.2 -_Q’:soaev? 15 _o’-soaev@ =i_0’_120 GeV? __G’_zou GeV® |
i e Slope difference il _i%i,_,,_ *E-L‘ obegen]
0.8} between data and  osf + | .
5 _q‘:also Ge\l; i _c:a’:n‘:5<3(:.e\a"I i _0‘:21000 Gne\:2 theory asa funCtlon 15 ho‘:::soeev; i _hnzzsisuse\;: i 1 u"‘:zimu cr.e\;=
' : of x is visible for : 4
i it L v
oal charm data at 0.5t d 3| ‘f

Q*~12 GeV?

104 10° 1072 10% 10° 102 10* 102 102

Beauty data i

10* 10° 10?2 10? 102 102 10* 107 102

Charm data

Bj Bj

Data and predictions are normalized to HERAPDF2.0 FF3A
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Comparison to VFENS (RTopt)

* HERA * HERA
...... e VENS: dashed == ey
------ appr. NNLO HERAPDF2.0 RTOPT H1 and ZEUS FFNS Solid ------ appr. NNLO HERAPDF2.0 RTOPT H1 and ZEUS
E . | ' ; T ™ m T £ : 7 ' e
3 11;.* ﬁ}i 4 i g _}1}3; #1 « Differences 193 1-!: [ dee ol T # _______ Sl T 13 S el
4R gl i T e between variable-sg | ... g . | Reeiiiogi - [ e g
1 a?=25Gev? 1 g2 =5 Gev? ‘v," Q% = 7 GeV® "‘,‘ ﬂaVOlJr and flxed_ | a?=25GeV? . q‘:slae\r‘ : . G":ir'l'.'ie\ifz .
e 2-Q==12 ;: Q7 =18 GeV? i '." Q*=32GeV* R ﬂavour are most i Q%= 12 GeV? Q?=18GeV® i Q?=32Gev J
d ; L 2 .i.---: -------- i pronounced at 0; ; -% """

» | N MEEE small scales and in e e
1.2:_01 = 60 GeV? ;;c’:mcwz :’:q_Q2=2DOGeV2 b the hlgh-X region 1-5_° Seujcee ",i_o i 1 ;-Q bl i

osf f*{ 1 ' - Slope difference  os} e t

| S e T s emyse bet\(ljveten data and 1 Q7 = 350 GeV? T e : n’:zt:mu cav?

il ol rediction near | | J |

- 1 ! Q>=12 GeV? is i | 1 | Ry
10% 10° 10 104 10° 10% 104 10° 107 present for both 104 10° 102 10% 10° 10° 104 10° 107

Xgj FFNS and VFNS Bealtvdaia Xpj
Data and predictions are normalized to HERAPDF2.0 FF3A y
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Charm data and low-x resummation

. HERA
NLO HERAPDF2.0 FF3A

"] NNPDF31sx NNLO FONLL-C
------ NNPDF31sx NNLO+NLLX FONLL-C H1 and ZEUS
g i ~ i} gl £ ™Y

C nom
Ioted
—t

cC
cred
ot =
W a N
T T
+
+e—

F Q% = 2.5 GeV*

G =12 GeV?
1.2 E!
[ e, -

10% 10° 102 10% 10° 10?2 10% 10? 10?2

Charm data

Bj

« Compare to calculation in NNLO VFNS (FONLL-C)
with and without low-x resummation [magenta curves]

 Also shown: FFNS (NLO)

« At sufficiently large Q?, slope in x is somewhat better
described by NNLO-VFENS, even better if
resummation is included

 Problem: calculations are not able to describe the Q32-
dependence well

Data and predictions are
normalized to HERAPDF2.0 FF3A
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Quantitative comparisons data-theory

» Y>3-tests are performed of calculations
against the data

* For beauty, the data are not good
enough to discriminate

 For charm, all the predictions have
poor X% smallest tension of ~3o for
NLO-FFNS

« HERAPDF2.0 NLO (FFNS) is studied
further in a dedicated QCD fit

- Extract heavy quark masses
- Investigate tensions to data

QCD@LHC, August 2018
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Dataset PDF (scheme) 2 [p-value]
HERAPDF20_NLO_FE3A (FENS) 86 [0.002]
ABKMO09 (FFNS) 82 [0.005]
charm, ABMP16_3_nlo (FENS) 90 [0.0008]
this analysis | ABMP16_3_nnlo (FFNS) 109 [6- 10_6]
HERAPDF20_NLO_EIG (RTOPT) 919- 10_5]
(Ngaa = 52) | HERAPDF20_NNLO _EIG (RTOPT) 102 [4-1079]
_________ NNPDF31sx NNLO (FONLL-C) | 140 [1.5-10~11]
(Ngata =47) | NNPDF31sx NNLO+NLLX (FONLL-C) 114 [5- 10_7]
HERAPDF20_NLO_FF3A (FENS) 33[0.20]
beauty, ABMP16_3_nlo (FENS) 37 10.10]
this analysis | ABMP16_3_nnlo (FENS) 41 [0.04]
HERAPDF20_NLO_EIG (RTOPT) 33 [0.20]
(Ngata =27) | HERAPDF20_NNLO_EIG (RTOPT) 45 [0.016]
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NLO QCD fit and ¢,b masses

e HERA

—— NLO HERAPDF2.0 FF3A

---- HERAPDF-HQMASS H1 and ZEUS
I B
I ---------- -__ f r I S !i .....
Q% =2.5GeV® 1 Q=5 GeV? ? =7 GeV?
Q° =12 GeV* 1 Q" =18 GeV* 32 GeV®
§§$ I i
‘?I'é ------- | ""9‘; """"""
- i i
@ = 60 GeV? ‘-_qz 120 GeV? i ? = 200 GeV? 1
_0’ :3:soeev’1 d __o’ ssoaev; ; i ’:;uuoae:’ ; v;‘

10% 107 1072

10* 10° 107

Charm data with NLO PDF fit

10* 10° 102
Bj

Data and fit are normalized to HERAPDF2.0 FF3A
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Charm and beauty data together with HERA inclusive
IS data are taken as input to a NLO QCD fit

‘/I?jashed)

Simultaneously extract PDFs and c,b masses

mc(m

m,(m

)=1290" (fit) * (model) %, (param) MeV
,)=4049"12! (fit) 2 (model) 7}, (param) MeV

Masses and PDFs are Compatlble*

previous HERA analyses and
with world data

PDG: m_ (m,)=1270+30 MeV
and m,(m,)=4180+30 MeV

H1 and ZEUS

=19 GeV*
DIS nly [fixed m_ ]

~—— HERAPDF-HQMASS

Gluon density

1 | |
10° 10% 10" ¢ 1




NLO QCD fit and 30 tension to data

Ex H1 and ZEUS
LT o12- pf=1.9(3.'e\|r2
& :E:ipnr.uamss S5 NLOHERAPDR2OFFSA L1t o 4 ZEUS o Charm and beauty data ~:; ., HERAPDF-HQMASS [DIS x__ > 0.01]
g, S I}i i _ together with HERA 19 22 HERAPDF-HQMASS &
L § '1;£ _____ - e -Eﬁi; ___________ inclusive DIS data are
sl = ff awe, taken as input to a NLO
’ ‘ QCD fit (dashed)
| ! -, |+ Fitis not able to improve or
12-_0’:606&\!’2 ‘-_q==1:zosev’1 § __02=21maev" ' _\ ~30 tenSIOH Of theory tO
i ?u;}i__ At il data (slope in x) E e
o8l i i (] i . 10* 10° 102 10 i,
SIS TRER IR SEETE { ’ I e @ REASON: lOW-X gluon is constrained by HERA
Q* = 350 GeV* Q° = 650 GeV* QF = 2000 GeV* . .
1.2} T j’i‘ 4 inclusive data
e iad ol
el « Test: exclude inclusive data at low x and repeat fit

i i s R — large change in fitted gluon density
Charm data with NLO PDF fit o ,
Data and fit are normalized to HERAPDF2.0 FF3A * Further material in backup slides
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Summary @

 New combination of charm and beauty double-differential cross section

measurements in deep-inelastic scattering at HERA IR

» Test of QCD with massive quarks (multiple scale problem)
» Fixed-flavour and variable-flavour number schemes

* None of the calculations is perfect, tension ~30

« PDF fit: charm and beauty data constrain quark masses

— measure quark masses m,(m,)= 1290f161 (fit) f?i (model) f331 (param) MeV
from HERA data alone m,(m,)=4049"0% (fit) 3 (model) 5, (param) MeV

Further details in: Eur.Phys.J. C78 (2018) 473

QCD@LHC, August 2018 S.Schmitt, Charm and beauty data from HERA

18




QCD@LHC, August 2018

Backup

S.Schmitt, Charm and beauty data from HERA

19




Charm combination: 2017 and 2012 @

* HERA O HERA 2012 H1 and ZEUS
« Compare 2017 combination [z Jossew T oo
to 2012 combination of 108 i ]
charm data e 1 T~ i by
« Central points are similar o T i'a..
* Improved uncertainties by e LS R
~20% at intermediate Q2 e s o
0.4}
0.2t . i A ] :
10% 10° 102 107 10° 102 10° 10° 102 ;e;
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Investigation of tension in x

 For each analysis bin,

H1 and ZEUS

. 1.4 2
calculate average partonic x E . o
(in NLO calculation) R 029
« Show ratio data to NLO- ° 1o
FF3A as a function of 1 .
partonic x . o
* >200
 Ratio shows a clear rise at
low X, with contributions 0.6 e

from several Q2 bins

QCD@LHC, August 2018

(X)
Charm data
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bb nom

bb /
Gred Gred

H1 and ZEUS

Beauty data: probing
only small range in
<x>, no evidence for
slope
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NLO QCD fit: resulting PDFs

= . H1 and ZEUS - s H1 and ZEUS
, e R e
o Compa rison of PDFs "} —HeRAPDF.HaWASS o HERAPDF-HOMASS
- Fit of DIS data alone, with fixed .
¢ and b masses g
- Fit of DIS data and c+b data,
with free ¢ and b masses e B e . B e
« Both PDFs are similar (largely g [ ”“‘""Z‘E]”S i ““‘"“f:)"s
constrained by inclusive DIS data) T eorands R R
* c+b data constrains ¢ and b quark
masses i

i sl il ool Aiaie
10 10° 102 10" 1 10

saaiul i s aanul o sl T
10° 102 10" 1
X
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NLO QCD fit: PDFs with x-cut

e Comparison of PDFs from fits of
DIS data and c+b data

- Nominal fit

- Fit with cut x>0.01 on inclusive
data

« Large change in gluon density

QCD@LHC, August 2018

&;—.
X
=
=

H1 and ZEUS H1 and ZEUS
o W2=19 GeV? (a) & E W=19 GeV? (b)
: % o5
0.6F. 5 HERAPDF-HQMASS [DIS x_ > 0.01] T [ 4% HERAPDF-HGMASS [DIS x,, >0.01]
2> HERAPDF-HQMASS [ > HERAPDF-HQMASS
0.7 0.4
0.6
0.5 0.3
04 N
0.2
0.3
0.2 sl
0.1 -
0 PECETRETIT | sl el PETEEETTT 0 sl sl Lo sl PETERETTT
10* 10° 107 107 =1 10* 10° 102 107 =
. H1and ZEUS : H1 and ZEUS
2 LIS 2
12 uE=1.9 GeV (c) T 2 u?=1.9 GeV (d)
54 HERAPDF-HQMASS [DIS X, >0.01] [ 42 HERAPDF-HQMASS [DIS X, 2 0.01]
101~ 53 HERAPDF-HQMASS [ 2 HERAPDF-HQMASS

S.Schmitt, Charm and beauty data from HERA

10 10?

2 a1
10 10 : 1
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QCD fit with cut in x

e HERA NC e*p 0.5 fb™
=+ HERAPDF-HQMASS [DIS Xy 0.01]

® HERA
NLO HERAPDF2.0 FF3A — NLO HERAPDF2.0 FF3A
¥ H1 and ZEUS
552?53?2533?3? [pISx >0.01] H1 and ZEUS £ hemiiehistisdye o2 e S ——
. . e I 2 1 g 2 - 11 oV?
oo 118 [ Fit with cut x>0.01 1 g w1 g wowow [ atemer |
i O i i oninclusive data: ¢ [ S8 . SN "E‘IE';’"“
wE L T . O 1 i3 | . )
&0 [ 0?=25Gev - | a7=5Gev 08 y
12-_0’:12 v -_0’=1éeev°' Charm data are | / et ottt
if ~— then well described 1_2 _sueev 1 eemew | atcaew |
o8t : 1 [y
i ] §o B 3
1 of @R Jor=rmoer ] o =2mcer i Inclusive data at low
il 1 0.8 +
1} %ﬁf__ JT— -2 xare then not _ .
i $ul e i <] . e -+ - -
081 . 3 ¥ { _ descrlbed at a” 12k Q° = 1000 GeV* | Q=3000 GeV* | Q" = 20000 GeV* ||
iy _azzaéo eV I 1 Q" = 650 GeV? I __0’:21000 Gev? i ] ;
L} E$ I E; i i il | E& I
08} I8 0.8 + T 1
2 T S A T e N bt bl bied sttt btk
10 10° 102 10* 10° 102 10 10° 102 Xg 10 102 102 10” 10 10° 102 10 10* 10° 102 10-1x
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QCD fit settings

« Table: theory settings and uncertainties

« A, A, A, constrained by sum rules

uv’

* Fit parameters: same 14 free
parameters as for HERAPDF fits

« Fit quality: chi*=1435/1208

= AgrPs (1—x)% — AP (1- 0%,
— A " (1 —x)Cw (1 +E,:,Fx2),
— AdL,xB‘fv (1—x)C,

AngU (1 —)C)CU (1 e DU)C),

= Ap®p(1-x)D. :
U — BI_) and AU = Al_)(l _fs)

[P
¢l =75

R
g

=

QL
f'_“\/'_“\f_"\f_‘\f'_“\
e e s T Al o)

-
=
-

fs = x5/ (xd + x5)
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Parameter Variation me(m) uncertainty | my(myp) uncertainty

[GeV] [GeV]
Experimental / Fit uncertainty
7. +0.046 +0.104
Total Ax- =1 _0.041 ~0.109
Model uncertainty
+0.1 —0.003 —0.001
fs 0.4%y; +0.004 +0.001
2 +1.5 Aav2 —0.001 —0.005
U 3.5, GeV 4+0.007 +0.007
P x2.0 +0.030 —0.032
M f Ur.f 05 +0.060 +0.090
ng=3 .4, +0.0015 —0.014 +0.002
e (Mz) | 0. ]060_0.UU|5 +0.011 —0.0035
; +0.062 +0.090
Total ~0.014 ~0.032
PDF parameterisation uncertainty

2 2 +0.003 0.001
Hip 1.9£0.3 GeV ~0.001 +0.001
Eu._ setto 0 —0.031 —0.031
: +0.003 +0.001
Total —0.031 ~0.031

S.Schmitt, Charm and beauty data from HERA




Extrapolation to full phase space

QQ
Gred

Extrapolation is done using FFNS « HVQDIS settings
calculation HVQDIS which also

includes fragmentation HERAPDF1.0
0 s — 2 2
R N
(xBjaQ ) = Oyis,bin oth - n5=3
vis,bin as’ (Mz)=0.10540.002
Fragmentation functions, decay mp = 4.504+0.25 GeV,
rations etc all set to their “best”
known values. e = 10— 0.15 GeV.
Full details are described in the
paper

Eur.Phys.J. C78 (2018) 473
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