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Combination of
H1 and ZEUS
D* measurements

example: z
(energy/momentum fraction
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shape directly sensitive
to fragmentation
parameters

more work on theory
needed
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Measurement of the cross-section ratio 6,,5)/03/,1s)

in deep inelastic exclusive ep scattering at HERA

Diffractive vector meson (VM) arXiv 1605.01946
prOdUCtion at HERA courtesy N. Kovalchuk

elastic (exclusive) proton-dissociative
d_cr“
oh) Q* (k) light oh) g e(K') A\ elastic
| pv UJ, (p
] heavy 3 roton-dissociative
- Ipas), w@s), Y| L
........ 't\'\ p(P') ;% Y(P') R
]
Kinematics of the process
- : : Q*<1GeV—yp - SR U T
Q photon virtuality Q% 2 1 GeV? — DIS Q q (k - k')
W — photon-proton CMS energy W= = (q + P)?
t — 4-mom. transfer squared at proton vertex t=(P-P')
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Measurement of the cross-section ratio 6,.sy/07/,1s)
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MeasuremenT of the cross-section ratio 0,,5)/07,,1s)
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(for more details
see N. Kovalchuk,
DIS16)
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Parton density functions (PDF)
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Final HERA mclusuve DIS combmcmon and PDF fit

ZEUS

1992 - 2007

H1 and ZEUS H1 and ZEUS

= sy o F -1 p— = I I T TTT I I T T TTT I =

BT =00z ® HERANCe'pOSTH < = | | =

L - e g ig Vs =318 GeV 5 108 O HERANCepO04m!'

4 ﬂf ® HERAPDF2.0 NLO B S < - 0 HERANCEpOSH! -

12 | $ { ' HERAPDF2.0 NNLO S = By memm HERAPDF2.0NCep S

I > = = =

i 7 & < - 0. s HERAPDF2.0NCe'p

i » = 7 B l

i L i x5, =0.008 < 107 s 5

L [} 3 a* _8 :.l . =

I o I‘i g = h‘_-.:'-"-:'".' _— =

08 = - * E

- , - Lt 5

I ; 10_3 E_ v<0.9 _E

06 - /{ ’“__ﬁﬁﬁ""”{gq xg; = 0.032 g s =318 GeV 3

- L = =

- " I L L e = -

b - S — E 3 =008 - ® HERACCep 0.4’ .

T ey 10_5 L W

- xp; = 0.13 = M HERA CCep0.5m? N\ 3

- ﬁ}"'itm‘.— - A\ g

[ = i bR

02 . ‘“!\i\ xg; = 0.25 ~  mmss HERAPDF2.0 CCep P

s o N -. = 'E

I L '”'—r-h}\i o g =  mssw HERAPDF2.0 CC e'p \=

- Bj I e

0 1 Lol | Lol 1 1 |||||||3 1 Lol | 1 ||||J||| 10_7 | | [ | | | | [ | || \ﬂ
1 10 10° 10 10° 10°

QY GeV? 10° 10* ; "

Q" / GeV

8.9.16 A. Geiser, Charm workshop 12



includes fit of inclusive charm + jet DIS da’ra
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ConsTmm’r of gluon at very low x
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fmalcompamson of gluon fits

Xiv 1503 04581 FEur Phvs J C75 (2015) 396

PROSA NLO FFNS fit

:‘: 60 Hf=10 GeV” gluon positive
% ::Eﬁ 3:2 + LHCb abs and well
40 —J HERA DIS + LHCb norm Consfr.ained down
to x ~ 10-6
20
first constraint
° from data
2 ° for x << 104
S

already in use to constrain

1 F cosmic ray prompt

\lllll”l | |||||||| | |||||||| | |||||||| | |||||||| | * [ ?
(10°) 10° 10* 10° 102 10" 1 neutrino specirum
X (e.g. Ice Cube)

8.9.16 A. Geiser, Charm workshop 15



H1 and ZEUS
e}
3b o | Q%=25GeV? | Q%=5GeV? | Q%7 GeV?
0.2 — —
0 x‘ﬂ LI | IIHIHl LI LI | IHIII\| | \IIIIII| |
05 Q%=12 GeV? Q%-=18 GeV? Q%=32 GeV?
0 LI | IIIHI,IJ L LI | \ \IHIII| | IHIII\| | \IIIIII| 11
05 Q°=60 GeV? Q°=120 GeV® | Q=200 GeV?
0 L L | IIIHL|J | HIIIH‘ L1l LI | IIHIHl | IIIIHI‘ L 11l \IIHII| | IHIII\| \
05 Q°=350 GeV? | Q°=650 GeV? | Q°=2000 GeV?
i i | @ HERA
L B | B ABMOSNNLO MS
i E\ \'m ABMO9SNLO MS
0 IIIH IIllI_IJ | III LI llllllll | IIHIIJl | llllllll LI HIHIII | IHIIH| I Jlllllll\%
10 102 102 10* 10° 107 10”* 103 1072
X
8.9.16 A. Geiser, Charm workshop

-PJC 73 (2013) 231

comparison to ABM FFNS
very good description

of data
in full kinematic range

unambigous treatment
of m_ in all terms of
calculation

here: MS running mass

(similar predictions for
pole mass)
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6

.) measurement of MS charm mass )g

H1 and ZEUS
, 700
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m.(m.) = 1.26 £0.05,,, +0.03, 4 +0.02,s GeV

PDG: 1.275 +0.025 GeV (lattice QCD + time-like processes)
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m.(m.) from FONLLfl‘r of HERA da‘ra
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running of o, and quark masses

d, running depends on number of coulours N, and
number of quark flavours N-

0,(Q?) = a,(Qo°)
1+ o, (1IN-2Ng)/121 In(Q?/Qp°)

leading

order

quark mass running depends on o , e.g. ?CD |
m(pole) = m(m) (1 + 4/3 o /) ormulae

=m@Q (1 + o/t (4/3+In(Q?/m_?))

part of gluon field around quark not 'visible' any
more when ‘looking' at smaller distances/larger
energy scales -> effective mass decreases
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(take log average for central scale)
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Prog. Part. Nucl. Phys. 84 (2015) 1

H1 and ZEUS preliminary
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Direct measurements of Higgs Yukawa couplings

VS. mass
arXiv: 1507.04548, EPJC 76 (2016) 6
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Conclusion

HERA can measure
almost all aspects
of charm production

Heavy Quark
physics is also
QCD + Higgs physics

so far, Higgs couplings
and their running

as obtained from quark
masses are consistent

with directly measured
Higgs couplings
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|Deep Inelastic ep Scattering at HERA |
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___..:::::::- q TS

L.
________
- -

=
_________
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* . . _ﬂ! - /- /;
kinematic variables: Electron (L) q=1(-l

Q2 = -q2 photon (or Z) virtuality, squared momentum transfer

, Q%<1 6GeVe:
X = Q B jorken scaling variable, photoproduction
2Pq  for Q2 > (2m,)%:  momentum fraction of p constituent
S Q 2 16eVe:
Y = 3 inelasticity,
(P v momentum fraction (of e) DIS
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[Heavy flavour contributions fo F, |

Measure cross section
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Charm Fragmentation
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Comparison o NLO QCD res
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[HERA charm data combination | £+

T e

Measure cross section
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X
very good selfconsistency of data:
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Beauty at LHCb
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Charm
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Comparison to 'old’ global PDFs

HERAPDF style parameterization with sizeable
" negative gluon ' term (but net positive gluon)

xg {x,pf}, comparison plot
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in good agreement with constrained ABM11
parameterization at low x
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Running strong coupling ,constant™ a.

e.g. from jet production at e+e-, ep, and pp at DESY, Fermilab and CERN
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fixed flavour number scheme (FFNs)

27.6 GeV

LO

+ NLO (+partial NNLO)
corrections,

“natural” scale:
QZ + 4mC2

no charm in proton

full kinematical
treatment of

charm mass
(multi-scale problem:
Q?, Pt, M. -> logs of ratios)

no resummation of logs
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i} ZEUS
= |
- “‘--ﬁ“_:;:;

use appropriate PDF set for each mass
(from inclusive DIS data only), H1 and ZEUS preliminary

fit charm data S 27 I )

S I e  HERA (prel.) }

Fit uncertainty E°1 8: - PDG with uncertainty -

@ Was estimated by taking /Ax? = 1 (dominant uncertainty) E 1.6— ]

Parametrisation - s

@ Adding extra parameter in the PDF parametrisation 14:— —:

Model uncertainty [ = } 1

@ Variation of the strangness supression factor 121 } { ° -

@ Lower cut on Q2 for inclusive data 1:_ * _:

@ The evolution starting scale _ i

@ The b-quark mass 0_3_— |
Theory -

@ Variation of as ! 10 u [GeV]

@ Variation of the factorisation and renormalization scales of heavy quarks by factor 2 -> outer error bar

sensitivity to m(m_.) decreases with increasing scale p? = Q2+4m_2

'in reality’, have measured m () at each scale
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the running b quark mass at LEP

: omass mugsanons o010 LEP: Z -> bb + gluons,
= sh s B measurement of phase space/
¢ I = angular distributions
B O o©OPaL
- O SLD
ab | M@ = M (1 - a/T In(Q%/Qy?))
g e
’E EPJ €55 (2008) 525
e
Q (GeV)

Fig. 6. The energy evolution of the M S-running b-quark mass

mp(}) as measured at LEP. DELPHI results from }'1"!'3'! [7] at H

the M scale and from semileptonic B-decays [31] at low en- Charm and 1.op mass r‘unnlng
ergy are shown together with results from other experiments P

(ALEPH [4], OPAL [5] and SLD [6]). The masses extracted not exPhC'ﬂY measured

from LO and approximate NLO ca.]-:uhhum: of R; are found ( f )

to be consistent with prc-wﬁus experimental results and with SO ar

the reference value mp{Q} (grey band) uhtamm‘] from evolv-
ing the average mp{mg) = 4.20 £ 0.07 GaV ’-1 from [17] using
QCD RGE (with a strong coupling I:D-I'tbt‘]ﬂl[ value ag(Mz) =
0.1202+ 0.0050 [30])

8.9.16 A. Geiser, Charm workshop 37



.
4

m, from reduced beauty cross section |
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PDG: 4.18 + 0.03 GeV (lattice QCD + time-like processes)
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the running beauty quark mass

translate to Zmb Prog. Part. Nucl. Phys. 84 (2015) 1
ZEUS
; 5 [ I I [ [ [ [ | 1 [ [ I I [ T 1
5
45 PDG  2m,
3 (lattice etc.)
: LEP
E ZEUS _
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Higgs couplings

hhhhhhh

relate m;, m, m. to associated
Higgs Yukawa couplings

LO EW (+NLO QCD) formula:
Yq = V2mg/v
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