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|Deep Inelastic ep Scattering at HERA |

HERA:
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13.07. 19 A. Geiser, EPS2019

B ‘ Proton (P)

q=1(-0

Q%<1 GeVe

photoproduction

Q? > 1 GeVe
DIS




[Heavy flavour contributions o o, |

ot e detect Measure cross section
< 2 2 d?o  2ma? [ P
= = 1+ (1- y)? (0,00,
Q ” XBJ Q /qu dy sz Qéle. T ( I/) GP(XBJ,Q
Bj J P

anything

flavour
tagging
2 X, . C

Q' x,, l%)or c { QCD

(=2

=> GrbB ’ O'r‘CC_Z

13. 07. 19 A. Geiser, EPS2019 4



Combination of 13 charm+beauty da'ra sets

T

inal summary from HERA on ¢,b in DIS:

30
Dataset Tagging 0? range &z vs (| No | Np f:_': Mean = 0.02 + 0.05
[GeV2] [pb—!] lGe‘vQ G | Width=0.77 £ 0.03
[| 1 HIVTX[14] | VTX 5 — 2000| 245 318|292
2 HI D** HERA-1[10] et % 108 47 318117
3 HI1 D** HERA-II (medium Q?) [20] | D** 5 — 100 348 31825
4 HI1 D** HERA-II (high 0%) [15] D*+ 100 — 1000| 351 318] 6
5 ZEUS D** 96-97 [4] D*+ 1 — 200 37| 300]21
6 ZEUS D*" 98-00 [6] DT 1.5 — 1000 82| 3183
7 ZEUS D? 2005 [12] po 5 — 1000 134 318
8 ZEUS u 2005 [13] I 20 — 10000 126|318 8 L ,
9 ZEUS D+ HERA-II [21] D+ 5 — 1000 354| 318 1 2 Pulf
10 ZEUS D*+ HERA-II [22] D*+ 5 — 1000 363 318 .
|1 ZEUS VTX HERA-II [23] VTX 5 — 1000| 354| 318 17 gOOd data consns’rency:
12 ZEUS e HERA-II [19] e 10 — 1000 363| 318 9 XZ: 149/187 dof
|13 ZEUS u + jet HERA-I[16] T 2 — 3000| 114 318 11

3 additional charm datasets w.r.t. EPJ €73 (2013) 2311
beauty combined for the first time

account for all systematic correlations between data
points, data sets, and between charm and beauty
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Charm combination

@)_—-—_-—————_— arXiv: Wf£[
209 -> 52 data points —

3 HERA II data sets added

® HERA " Hi1VTX &+ H1D*HERA-I
¥ H1D* HERA- o ZEUS |1 2005 ZEUS D* 98-00
4 ZEUS D* 9597 o FEUS O° & FEUSD'
+ ZEUS D* HERA-II # ZEUS VTX H1 and ZEUS
'!E:E L @t =25 GV 1 Q==5IGE‘H'E ‘ 1at= -7 GeV® ;
0.3+ T T . e HERA = H1VTX 4 H1D'HERAN
0 2'_ 1 1L ] 0 ZEUS 12005 © ZEUSD'98-00 ~ ZEUS D' 96.97
T *. [] 1-_ 1 ?’ : o ZEUSD + ZEUSD*HERAJl + ZEUSVTX H1 and ZEUS
0.1_ T ] T -1 w3 T T T T T T T T
o E ] . & 1 . S " IKE'- 2_| ) |
q“—ﬁ Gey? 1 q‘ 13 Eev“ 1 QF 32-39\:“ ‘ Q' T32Gev (d)
0.4+ -+ %‘ + = i
0.2+ % + $ = | |
06 @ s L1206 + T 2 oo i I | + |
0.4+ -+ + = tu VL
0.2| + %’i* T ¢ . 0.2 - | ﬂ |
0.6 [ @ =350 GeV" -+ @& = 650 GeV* T @ = 2000 GeV*® L @ i
0.4] - H}
D.E' 4 1 dg u ] A | N A
_ L] o 107 102 Xg,
EEERTIT AT B R TITIT B A R RTTT T EEETETTTT EEEETRTT wl v oveewel v eend s ]
10* 10 107 10* 10° 1072 10 10° 107
Bj
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Beauty combination

57 -> 27 data points n

combined for the first time

e HERA m HIVIX o ZEUS ;2005
+ ZEUS nHERA{  © ZEUSe  # ZEUSVTX H1 and ZEUS

128 Q?=25GeV® | Q*=5GeV? | Q?=7GeV? | e HERA = HIVIX © ZEUS ;2005
0.01- T T 7 7 + ZEUS nHERA v ZEUSe + ZEUSVTX H1 and ZEUS
0.005 T # T Eﬁ 7 2% 7 2|_| , | o
- P Q°=32GeV (b)
0.04 _Q2=1I2 eV | __Q2=1I3 eV | 1 cf-s: GEV2 | | 0.04 — ]
0.02 4 1 ;ﬁ | I |
- u q *;." + | t ﬁ' t | % |
| Q% =60 GeV? 1 Q* =120 GeV* | cf-zoo GeV? 1 0.02 H —
0.04 - -+ + - } i)
0.02f Iit + ﬁ) — - I t §
L Q% = 350 GeV? 1 @* = 650 GeV? 1 @%=2000 GeV? ] P SRR . . TI L
0.04 B T T B .10—3 10-2
I ] ] ] Xg;
0.02+ % T T 1
I 1 1 - TR T TT B WA TIT R W R AT | .-. ?um- PRI IE ¥ V71 B SR I § 1T N N W WY |H||-
10* 10° 107 10* 10° 107 10* 10° 102
Bj
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Fixed Flavour Number Scheme (FFNS)

iy S —————— e
example: charm =
e’ no charm in proton

< / P
27.6 GeV
c full kinematical ©
Lo m.  treatment of
c charm mass
020Gey (multi-scale problem:
o > Q2 Pt, M. ->logs of ratios)
+ NLO (+partial NNLO) no resummation of logs ®
corrections,
“natural” scale: no extra ma’rchmg ©
2 = Q* + 4m? parameters
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@?omparison to FFNS QCD pred

® HERA

—— NLO HERAPDF2.0 FF3A

----- NLO ABKMO0S <oeieenee: NLO ABMP16

-.=.- appr. NNLO ABMP16 H1 and ZEUS
FQ?=25GeV? lar=5Gev lar=7Gev? ‘ 1

: o : st : : e
| Q% =12 GeV? 102=18GeV? | 0?=132 GeV? ]
. v A
- T : | e : | -
|-Q? = 60 GeV? -1 0?=120 GeV? | Q%= 200 GeV? 4
T : i -, ]
\., 1 '}l’\\ 1 as\ ]
. ’ —— : : - : : i
- Q? = 350 Ge\? =+ Q%= 650 Ge\? + Q%= 2000 GeV? E
\\ 1 \ 1 o
L L L ey, IR RPN RO vy R T BRI .m

10* 10> 102 10* 10> 102 10* 10° 10?2 x
Bj

data reasonably described
best: HERAPDF2.0 FF

and ABKMOSNLO

~30 tension with xg; slope
appr. NNLO does not improve
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* HERA

Ictions
J————— T

—— NLO HERAPDF2.0 FF3A

emvereer: NLO ABMP16

H1 and ZEUS

E ! %
"2 1.2] ;L ﬁi §
IHE i “r; S ¥ ﬁ ;
-HEE.; 1__ - "'"""""":_." ‘T'-';IL'E“""‘"--- : _j_i“iu‘"::-_
ISE L :l-"_ .':E':u-r-n'--'..'..'.ﬂ' i ‘E__-u“ I|l'i".-.-..-r-$'f-i|----.
© 0.8f R e
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—t—t ! HH———HHHH—— i —

-
- M

o

(=]
™

rof

-Q*=12 %%\F £ 0% =18 GeV?
r i d":"

il s
- L.ﬁ_._i"i..'gﬂ._-._'.:.-l_,-__

T Q% =120 GeV*

HH——— ] — - —
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L 23506 1 0?-650 GeV?® L @06 T

. ! I -1;2
10* 102 10?2 10* 10° 10° 10* 10° 102 =

Bj
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Comparison to VFNS QCD predictions

NLO HERAFDF2.0 FF3A

------ NLO HERAPDF2.0 RTOPT
------ appr. NNLO HERAPDF2.0 RTOPT H1 and ZEUS

data description 5. o E}i BV) S '
reasonable but = '1} A ‘T‘ii g ﬂﬂ[
3 B -Il- ______ | i.., E! I -rqi_i_,
not better than FF ® 08 .-~ e e
1.2f ,
overall, NLO 1k ﬁiﬁ? -
better than 0.8 'R i

} t t 1 + :::::H{—HFHHH—I—FHHH—I—FHHi:—I—HﬂHH—I—PHHH—I—FHHH—I—Hﬂ*H;
appr. NNLO i 5 - Q=60 GeV? /] 0?=120 GeV* :’.‘_—-_u* - 200 GeV? _

i %*iﬁ bl b

0.8

beClLITy in b(]C kup: - @2 = 350 GeV? /1 Q%= 650 GeV? 1 Q2 = 2000 GeV?

L2 P 2
larger uncertainties 1t —I&— }_? :
-> all consistent 0.8 T i

10* 10° 10?2 10* 102 10?2 10* 10° 102 =
Bj
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QCD fit

O womeme g
simultaneous NLO QCD fit of
combined inclusive DIS data (arXiv:1506.06042), Q?,...=3.5 GeV?

new combined charm and beauty DIS data (this work)

simultaneously fit PDF's (a la HERAPDF FF) in FFNS at NLO and
charm quark and beauty quark “running” masses in MSbar scheme
using xFitter [www.xfitter.org], 14 parameters (+1)
NLO DGLAP [QCcDNUM]and matrix elements [OPENQCDRAD], nf = 3
Ue = kg = VQ? + 4mg?, varied by factor 2 (for heavy flavour part only)

free m.(m.), my(m)
a(M,)nf=3 = 0.106, equivalent to a (M, )"=> = 0.118 + 0.002

fit uncertainty using Ax? = 1
-> HERAPDF-HQMASS

13. 07. 19 A. Geiser, EPS2019 11




QCD fit: charm subset B

_:" :ExpnF-qu,qss £ NLO HERAPDF2.0 FF3A H1 and ZEUS
'SUE 03_02 2.5 GeV? _— 02=5Ge\V? ' -c:-2 7GeV? ;
: 0.1- ‘4%., T h‘\-\ _‘ 1

fully consistent s e
L Q?= 12 GeV? laz-18Gev? L1 @*=32GeV? l
with HERAPDF2.0 FF3A o4 j T \\ ‘_
0.2 . \ L i
. _ »\h.\“““’“ _ : : : o
Uncer'TalnTy br‘eakdown 0.6Q°= 60 GeV? —“—QZ 120(3&\."2 __o’=zuosev2 1
in backup 047 T T ‘_
02 \\ I 3\ 1 N

0.6—02=3iﬁu Gev’I : ~— Q= 650 Ge‘u"z o’=2:mn Ge‘u‘lz I h
047 1 1 '_

0.2+ 4

| vl il \Il\‘-‘- . \ T RN R :'\.:??.n

10* 10° 107 104 m3 102 10* 10° 107 .
Bj

= +0.05 +0.06 +0.00
| mc(mc) =1.29 -0.04 exp/fit -0.01 mod/scale -0.03 par GeV

PDG: 1.27 +0.03 GeV (lattice QCD + time-like processes)
13.07. 19 A. Geiser, EPS2019 12




Comparison with other m (m.) determinations

t+his work: FF, HERA, this work —o—-

mc(mc) = 1.29 +O'O5-o,o4 exp/fit FONLL C (XFitter, APFEL)

+0.06 +0.00

FF(HERA) previous

latest ABMP16 result: m(m.) = 1.252+0.018+0.032 GeV _
S. Alekhin et al., arXiv:1701.05383, PR e L apaae. BN
Phys. Rev. D96 (2017) 014011

FF (Alekhin et al. NLO) ——+
previous results summarized in
V. Bertone et al., arXiv:1605.01946, S-ACOT— (CT10str. 1) ——o—
JHEP 1608 (2016) 050 :
S—-ACOT—y (CT10 str. 2) ——
scheme me(m.) [GeV]
FONLL (this work) 1.335 + U.O43(exp)fg:gég(pm‘am)"_'g:géé(n‘lod)fg:ggg(th)
FEN (this work) 1318 + 0.054(exp)fg:g}é(param)fg“gig(mod)fgjgég(th) S-ACOT-Y (CT10 str. 3)
FFN (HERA) [9] 1.26 £+ 0.05(exp) = 0.03(mod) + 0.02(param) + 0.02(a)
FFN (Alekhin et al.) [24] 1.24 + 0.03(exp) T D3 (scale) 70 07 (th) (approx. NNLO)
1.15 + 0.04(exp) 9% scale) (NLO) S-ACOT—x (CT10 str. 4)
S-ACOT-y (CT10) [29] 1.1270% (strategy 1)

1.18109% (strategy 2)

1.197098 (strategy 3)

1.2-’1f8:?g (strategy 4)
World average [53] 1.275 £ 0.025

World average

1 1 | 1

14 1.1 k2 13 14 15
m.m.) [GeV]

13. 07. 19 A. Geiser, EPS2019 13



QCD fit: beauty subset ‘_

HERA L NLO HERAPDF2.0 FF3A
. HERAPDF-HQMASS H1 and ZEUS

123 Q% = 2.5 GeV? Q?-5GeV? ' Q?-7GeV? '
0.01+ -+ + -
0.005+ + \\*\\ i
0.04 _Q2=1i GeV? | __{]2=1;3 GV __c:-z=3'2 Ge? | |
0.02 - T Q\ﬁ .
| @? = 60 GeV 1 Q%=120 Ge | Q=200 Ge ]
HERAPDF FF3A 0.04]- il il ]
0.02|- 1 1 '
[ PPy Py R NP S
0.04 - -+ T .
0.02} \ N -
- R 1-: L | \ ‘\'}.‘.'n L 1 . \kﬁ

10 10° 102

. - +0.10 +0.0 +0.00
new: | mb(""‘b) = 4.05 -0.11 exp/fit 9-0.03 mod/scale -0.03 par GeV |
. = +0.08 +0.05

PDG: 4.18 + 0.03 GeV (lattice QCD + time-like processes)
13.07.19 A. Geiser, EPS2019 14
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QCD f

iIT: charm x slope

. 4
O —ummme g
H1 and ZEUS o
plot data/fit e 14 s s Q’
vs. <x> of e | [GeV?)
. . '8 @
incoming partons Py o 2.5
(rather than xg;) g 8 e X ?
for each data point © T e 12
. 1 —F T it " 18
LO: *"Zv’fﬂ.r("* z) ] v 32
< _ « 60
<x> calculated at NLO 08 - 4+ = ¢ 120
. ! | =T S * =200
using HVQDIS L (a) |
Y —— ol
-> common <x> trend T 10~
for all Q2

further discussion (gluon shape (?), low x resummation (?), ..) see backup

13.07. 19
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Conclusions

—_— ——— e

@ Final HERA charm and beauty data in DIS have been combined including
all correlations

charm precision improved by ~20%, beauty combined for the first time

@ Data are reasonably described by FFNS (best) and VFNS predictions
(NLO better than approx. NNLO), but show ~3c tension in x slope w.r.t inclusive

. QCD fit of inclusive, charm and beauty data (simultaneous fit of PDFs,
m. and m, in FFNS at NLO) vyields
m.(m.) = 1290 *46_,,(exp/fit) *62_;,(mod) *3_3;(par) MeV
my(m,) = 4049+104_, \o(exp/fit)?9_s,(mod) *1_3,(par) MeV
in agreement with world average and previous measurements

(not affected by x slope tension within uncertainties)

@ More detailed studies of x slope tension -> can not be solved by varying
the gluon density, or adding higher orders, or resumming log 1/x terms,
within the respective current pQCD frameworks
-> further investigations useful

13. 07. 19 A. Geiser, EPS2019 16
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®* HERA

Comparison to previous charm

o HERA 2012

H1 and ZEUS

T,
- .

L Q? = 2.5 GeV?

41 a?=5GeV?

[

1 Q%2=7 GeV?

P, :

L Q% =12 GeV?
0.4

1 a?=18 GeV?

1 @?=32GeV?

s

L Q? =60 GeV?

L Q% =120 GeV?

Il 8

i de

L Q% = 200 GeV? -

- Q? = 350 GeV?

t iiiiiii| t i....ii| —t
- Q? = 650 GeV?

-+ Q% = 2000 GeV?

10* 107 10?2

10* 107 102

104 10° 102
xBj

combination
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Comparison to FFNS predictions

e HERA L NLO HERAPDF2.0 FF3A
wiees NLO ABMP16  ----- appr. NNLO ABMP16 H1 and ZEUS
b 1. . 'fb? Q? = 2.5 GeV? | Q*=5GeV? | Q=7 GeV?
eaury. 0.01} a 1 |
0.005|- 1oL 1 “{,\ ]
h"“*l,,____ \,__ .
-+ PP e - HHHHH——— PP HHHHH—— =t HHHHH
0.04 | Q% =12 GeV? | ©*=18 GeV? | @*=32 GeV? i
0.02 - T t{\‘l_;
_ 'N-"'r """" | — ::::H-I—l—l—H—H+I-|—|—|+|—H+ﬂ‘—‘—+-i—H—H++\—.-"r !
| Q2 = 60 GeV? 1 0%=120 GeV? 1 @* =200 GeV?
0.04 —+ + —
L NN
g ) o, j- .*"'-n.
L Q? = 350 Ge\? 1 0% = 650 GeV? { @% = 2000 GeV?
0.04 + —+
0.02 - \XE —+ .} + W
- T T I *K“'H T T BT | .‘.'Tf.ﬁﬁ‘:- T T T .\#..'.‘.-
10* 10° 1072 10 10° 1072 10? 10° 10?2 y
Bj

13. 07. 19 A. Geiser, EPS2019




b b nom
red ";Gll?ed

Comparison to FFNS and VFNS predictions

Beauty:

e HERA
oo NLO ABMP16

—— NLO HERAPDF2.0 FF3A
----- appr. NNLO ABMP16

s HERA

NLO HERAPDF2.0 FF3A

H1 and ZEUS

bnom
lf(];{':rzd

b

red

15- ¢ i I i A
! | < | E 4*- .
S Tl L A T Eve e b e e
1]
0.5+ = DT
Q? = 2.5GeV? Q2= 5 GeV? Cl Q¥ =T GeV?
i% Q2= 12 GeV? Q2= 18 GeV? | 02=32 GeV?

0.5 )

Ve e

Q? = 200 GeV?

02 = 120 GeV® |
1.5+ r T
0.5+ $ - E T
t f f f f t t f
15 Q? = 350 GeV? 02 = 650 GeV? Q? = 2000 GeV?
o T e | T

1+ . = “..,-i— —t

0.5+

L]

------ NLO HERAPDF2.0 RTOPT
------ appr. NNLO HERAPDF2.0 RTOPT H1 and ZEUS
" = ! i T T ll
= » ';: L ~+r , ’
D B L cp— _','-';' - - ‘E’.‘i:.”’ -
_02 = 2.5 GeV? : _Qz =5 Gel? I
0 =12GeV? | 4 la2-18Gev? ' o
L “Lt‘:.: ---- 3 i.--"-:.--"' .-"'
a’= 60 GeV? Q= 120 GeV® ' Q= 200 GeV®
i3
L .T'-Fr“:%_ & e rr‘rr?":,—
i $ A il
Q% = 350 Ge\? T Q2 = 650 GeV? Q% = 2000 GeV?
L L4 L
i | []

10* 10° 102

13.07. 19

104 107 102
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@ﬁredic’rions w/o and with log 1/x resummation
)_—-.—__._HERA_——__—_ arXiv:1804.01019 -Iflg

NLO HERAPDF2.0 FF3A

[--—] NNPDF31sx NNLO FONLL-C
NLL resummation = - NNFDF&ﬁstML@ONLLc H1 and ZEUS

of Iog 1/x terms 98 1.2 ﬂi i T TN
|mproves ).<BJ S Ope |{=%:? il : EI T 2 izi N j— | zi , ?:
but deteriorates B D, 1 s A, WD, 1S N, R,
. . - Q2 = 12 GeV? | 2 Q?=18 GeV? | It Q=32 GeV? |
normalisation 2 [.(ﬁ*_ﬂ [T ¢
T S
ge, =
overall, NNPDF3.1sx 12_{}2:6:35&“; Y ¥ L | e
(fitted charm, arXiv:1710.05935) '1-_ 1"‘@ . |
. . - 55 o s O = _..' e
either with or w/o log 0.8F ﬁﬁ fﬂ' T e
1/x resummation — - : e : ey
1.2 _C! = 350 Ge\? __.-.__C! = 6A0 Gel ..'_'.;___Q = 2000 GeV ]
not better than [ S f
HERAPDF 0.8} -

(FONLL-C + NLLx see below) T10* 100 102 104 107 102 104 10° 102
B
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x* and p-values for various QCD preduc’rlons

central
predictions

Dataset

charm [3%]

charm,

beauty,
this analysis

MNaua =27

PDF (scheme)

HERAPDF2ONLO_FF3A (FFNS)
ABKMOD9 (FFNS)
ABMP16_3_nlo (FFNS)
ABMP16_3 nnlo (FFNS)
HERAPDEF20_NLO_EIG (RTOPT)
HERAPDF20_NNLO_EIG (RTOPT)

| NNPDE31sx NNLO (FONLL-C)
NNPDFE31sx NNLO+NLLX (FONLL-C)
HERAPDF2ONLO_FF3A (FFNS)
ABKMOD9 (FFNS)
ABMP16_3_nlo (FENS)
ABMP16_3 _nnlo (FFNS)
HERAPDFXONLOZEIG (RTOPT)
HERAPDF20NNLO_EIG (RTOPT)

| NNPDE31sx NNLO (FONLL-C)
NNPDF31sx NNLO+NLLX (FONLL-C)
HERAPDF20_NLO_FF3A (FFENS)
ABMP163nlo (FFNS)
ABMP16_3 nnlo (FENS)
HERAPDE2ONLO_EIG (RTOPT)

HERAPDE2ONNLO_EIG (RTOPT)

x* [p-value]

59 [0.23]
59 [0.23]
61 [0.18]
70 [0.05]
71 [0.04]

86 [0. am*
82 10.005]
90 [0.0008|
109 [6.10°©
99 [9.1077]

102 {4-10—3)

140 1.5 10 11]
'l

114[5-10
33(0.20)
37 (0.10]
41(0.04]
33 (0.20]
45 [0.016]

previous

combined
charm

hew combined
charm

beauty

Table 4: The ¥, p-values and number of data points of the charm and beauty data with respect
to the NLO and approximate NNLO calculations using various PDFs as described in the text
The measurements at ° = 2.5 GeV? are excluded in the calculations of the ¥* values for the
NNPDF3.1sx predictions, by which the number of data points 1s reduced to 47, as detailed in
the caption of figure 12.
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QCD fit: systematic unc

ertainties

Parameter Variation m(m) uncertainty | my(m,) uncertainty

[GeV] [GeV]
Experimental / Fit uncertainty
Total Ax?=1 Y0041 0109
Model uncertainty
£ 0.4 0004 -0.001
Ohin 3545 GeV? 0,007 0.007
(D) Hefras 0060 L0000
o' (Mz) | 010600013 0011 '6.005
Total g T
PDF parameterisation uncertainty

u?, 1.9+0.3 GeV? Hio B
set o0 —0.031 —0.031]
Total gy 031

f gZEUS[

Table 5: List of uncertamties for the charm- and beauty-quark mass determination. The PDF
parameterisation uncertainties not shown have no effect on m-{(m..) and my,(my).
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QCD fit: charm

e HERA —— NLO HERAPDF2.0 FF3A
----- HERAPDF-HQMASS H1 and ZEUS

. . .
EE 120 iﬁ 1
IE 1-_ $ ':- T i _E?_i
R e Roin e
© 08 -_{1“=2:5 GeV? | _--_q'*'iﬁ GeV? | a2-7 Gev?
fully consistent [ t2aee . daretsee L e 12 cev?
oy 4 |

with I S T I % ________ |
HERAPDF2.0FF3A 0,;; v i R

1.2 1 T ‘_

- 0F = 350 Ge\? T Q% = 650 GeV? 1 @2 = 2000 GeV? _
" X iid -
081 T |

104 107 10? 104 10° 102 104 10° 107
J
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QCD fit: beaut |

e HERA —— NLO HERAPDF2.0 FF3A
----- HERAPDF-HQMASS H1 and ZEUS

E T T T y ;
E ;F “l' “t
IBE 1l5 B » 'f‘ -1 i ‘4" T 'fr .
Y R B [T
(=
B 05+ € 1 |
Q% =25 GeW? Q% =5 GeV? Q2 =7 GeV?
-+ — - —t . -ttt
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""i"“""”i" K : ‘‘‘‘‘‘ -
with ! 1 ij[ _
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QCD fit: inclusive data subset )
e g

_ _ H1and ZEUS ~— ——
“i_r oo =18 GeV’ “:; osl ME=19 GeV*
E:' QEE_ DIS only [fixed m_ ] (@) -‘-j' [ .. DIS only [fixed m_] (b)
" F — HERAPDF-HQMASS [ — HERAPDF-HQMASS
0.7F 0.4~
06f F
PDFs consistent ot o3f
with those of i ozf
inclusive data only oaf of
. 0.1
(and ¢, b masses fixed e o —

_4 111 -3 111 -2 111 -1 -d L1 -3 111 -z 11 -1
to PDG) 10 10 10 10 o 1 10 10 10 10 o1
H1 and ZEUS H1 and ZEUS
T8E u2=19GeV?

u2=1.9 GeV?

xE{x,‘uf)

5 DIs only [fixed m_] (¢)

-> inclusive data | — HERAPDF-HOMASS
(and c¢,b mass values) :
dominate

in fixing PDF

165 . DIS only [fixed m ] (d)
1.4f. —HERAPDF-HQMASS

1.2F
f
u.af
o.af
u.4f
o.zf

ul L1111l O: L1 11111

107 1 10 10° 107 10 1
X X
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QCD fit: inclusive data, parametrisation uncert.

Reminder, full fit: Ax2=1 scale dom  14p->15p,13p
m.(m_) = 1290 *46_,,(exp/fit) *62ﬁ4(mod) *3_31(par) MeV
my(m,) = 4049+104_, ;o(exp/fit)0_s,(mod) *1_3;(par) MeV

Using inclusive HERA data only (14p):
m.(m,) = 1798+144 ., (exp/fit) MeV

mb(mb) = 845(0+2280 _1810(fi1') MeV

no full uncertainty evaluation, but large
sensitivity to PDF parametrisation (-> 13p):

m.(m.) = 1798 -> 1450 MeV,
my(m,) = 8450 -> 3995 MeV

dominant effect:

v

zg(z) = AgxPo(1— )% — -4;;,:138.:? (1— T]C;
Ty (z) = Ay, @B (1 — 2)%u (1 + By J0?)
zdy(2) = Ag,z v (1 — 2)“dv o

zU (x) = A['-"TB[_': (1—2)°T(1+ Dyx)

zD(z) = Apz®b(1 — 2)D

-> inclusive HERA data alone cannot constrain HQ masses reliably
-> interplay of PDFs and HQ masses needs careful treatment
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QCD fit: beauty x slope ‘_

plot data/fit H1 and ZEUS
vs. <x> of = 27 5 17T * QEE
incoming partons é 3 ! L T [GeV]
(rather than x;.) L 5L 1o | ° 23
J . P [ o5
for each data point 'nbﬂ I i 7
A : R * 12
LO: x=xz- (1 —é) 1 — ____________________ I r | - : ; 2
<x> calculated at NLO : | * 60
: 05 |- @ 120
using HVQDIS _ # >200
(b)
-> beauty consistent N T B
with charm but does 10> 102 10"
not add information (X)
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X% as function of min. xp, cut

M ZEUS

H1 and ZEUS
— 1 .g [ T T T TTTT] T ]
o [ -
218 o DIS+c+b -
1.75 -
- v c+b .
1.6 —
1.5 v—'\ —
1.4:_ [ S _:
1l3;_ \:{:.---..“'“1"---.\\“‘ . —;
~ g Y ]
12 o o ** " Yy vyl
1.1 —
1: | | L1 1111 | | | L1 1111 | | | L1 1111 | :

10 10° 102 10"
Xgj,min
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QCD fit with xg;> 0.01 for inclusive data

NLO HERAPDF2.0 FF3A

------ HERAPDF-HQMASS
can improve - HERAPDF-HQMASS [DIS x_ = 0.01] H1 and ZEUS
low x charm Et, 19 ﬁi L @?=12 %%v" e
wea l.2 [*-. B ., B 7
slope 13 1 1 = il % ! N
(no longer 9% ol g T H?.* W ii? |
constrained F0?=25GeV? - | ¥ _
by inclusive) 10* 10° 107 10* 10° 1072 10* 107 10?7
Bj
« HERANCe'p0.5fb™
I HEHAPDF?HF:JMASS[DISI = 0.01]
. o
bUT fails —— NLO HERAFPDF2.0 FF3A
t+o describe ---- HERAPDF-HQMASS H1 and ZEUS
low x *Eo% 120 Q? = 3.5 GeV? Q*=22GeV? Q% =150 Ge\?
inclusive data =, | 1 . -
-{bf‘ 1 B W— W—f?
-> not a solution 0.8 - | + | T
(bUT hinT) I RTTTT RN EATARETT EAER T R R TTT S N A1 MW WA ||||LIL|_I_I_I.LLI.I.l|_I_LLLLLIﬂ_I_LLLLLIJ.|_I_LLLlIJJ.|_- Cinml s voml gkl
10*10° 10210"  10*10° 102107  10*10° 10?2 107,
Bj
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QCD fit with xg. > 0.01 for inclusive data

———————a—

_ H1and ZEUS H1 and ZEUS
':;g' osk HE=136GeV (@) E:t:,- [ =196 (b)
= o gf 44 HERAPDF-HOMASS[DIS x_ =001] | < 9L . HERAPDFHQMASS [DIS x, =001]
" 7E 55 HERAPDF-HQMASS " | 3HERAPDF-HQMASS
0.7f
0.8
o5t
0.4F
0.3f
0.2
charm and N:
beGUTY maSS ﬂf e R e E o v R e 2 T M e R e T e
. 4 = -3 1
flOGTlng 10 10 10 w4
i H1and ZEUS H1 and ZEUS
Tz w1 GeV" (c) T b= 1.9 GeV" (d)
¥ [ oo HERAPDFHOMASS[DISx_ 20011 | [ oo HERAPDF-HGMASS [DIS x_ = 0.01]
gluon at x < 001 10" 22 HERAPDF-HQMASS - = HERAPDF-HOMASS
Inconsistent

with
inclusive fit

10+ 10 102 10r! o1
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FONLL-C fit of inclqsive data

arXiv:1802.00064 (XFitter team):
FONLL-C inclusive fit (no charm) with and without NLLx resummation

personal remark:

FONLL-C inclusive fit with NLLx qualitatively consistent with FF charm

+ x> 0.01 inclusive fit (compare previous slide)

-> combine both worlds by applying NLLx to light flavours only in FF scheme?

H o o = 3.0 GeV" B [ @ =30GeV o % 1 @ = 3.0 GeV .
o wimin MNLOHNLLx oF L it NNLOH+MNLLx ' o s MMLOHNLLx e
= 0.8 ==NNLO - - et MMLO) o it NMLO)
= g o8 ”
0.
0.
1.
0.
0.
0.
0. 0.
0.
TN IO 11 I T O 111 A I W 0111 W W W THY |
104 107 102 10" 11 10+ 10 102 10’ 11 104 10° 102 10 11

Fipure 3 The up valence PDF xu,. the gluon PDF xp and the total singlet PDF xX for the final fits with (NNLO+NLLx) and without (NNL()
In{ 1 /%) resemmation.



Comparison of HERAPDF with FONLL-C + NLLx

e — :
for inclusive data only

fr'om Skep-1 Step-2 Step-2 Siep-4
. HERAPDFZ0 FONLLC  Move (f and  include NLLx
C(r'XIV180200064 . NNLO chm?ncmrgsal'?nld jrl::;:mmaﬁm:

HERA y2/d.of 13871131 1380/1131

Table 1 The x” per degree of freedom (d.o.£) for the PDF fits under different conditions, starting from the sattings for the HERAPDF2.0 NNLO.

from
. . HERAPDF ;. [GeV] | y? | dof | yY/dof
arXiv:1506.06042: 2 0NLO 35 | 1357 | 1131 | 1.200
2 0HiQ2 NLO 100 | 1156 | 1002 | 1.154
2.0 NNLO 35¢1 1363 | 1131 1D 1.205
2 0HiQ2 NNLO 100 | 1146 | 1002 | 1.144
2.0 AG NLO 35 [1359] 1132 | 1.201
inclusion of 2.0HiQ2 AG NLO 100 | 1161|1003 | 1.158
. . 2.0 AG NNLO 35 | 1385 1132 | 1223
NLLx resummqﬂon with 2 0HiQ2 AG NNLO 100 |1175] 1003 | 1.171
FONLL-C achueves 2.0NLO FF3A 35 (1351 01131 | 1.195
similar' performance 2.0NLO FF3B 3.5<.1315 11§1_>1.153
2 0Jets a,(M2) fixed 35 | 1568 | 1340 | 1.170
as HERAPDF2.0 FF3B 2 0Jets a,(M2) free 35 | 1568|1339 | 1.171

Table 4: The values of y per degree of freedom for HERAPDF2.0 and its variants.

13. 07. 19 A. Geiser, EPS2019 33



