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Why analyze preserved HERA data?

— planned new projects
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HERA data are unique!
EIC new and complementary!
use synergy!



Why analyze HERA data in context of EIC?

Physics scopes of HERA and EIC differ
but have significant overlap.

Many aspects of EIC physics can be (partially)
addressed with HERA data.

EIC data lie significantly in the future,

HERA data are readily available now. ' A=
S

E.g. allows Master or PhD students to touch real data

in conjunction with a hardware or MC study for EIC,
including physics publications, talks at physics conferences, ...
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What do ZEUYS data look like?

Event display from Common Ntuple
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Common Ntuple analysis model

ZEUS Common Ntuple:

Motto: keep it simplel

flat (simple) ROOT-based ntuple (same format as PAW ntuple converted with h2root)
containing high level objects (electrons, muons, jets, energy flow objects, ...)
as well as low level objects (tracks, CAL cells,

Well tested |

all recent ZEUS papers based

on Common Ntuples

Easy to use

several recent ZEUS results based on results

produced by Master students.

PhD students can produce a ZEUS/EIC
paper within only a fraction of their PhD

time (e.g. ~6 months -1 year)
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2021 update of papers vs. time plot
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"Free Access to ZEUS Data” programme for PhD students and physicists
-> contact spokesperson
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Size of data sets

Root files (officially preserved) units: Tb  (status 4.9.13, still valid)

HERA IT v02 vO6 vO8 HERA I vOO% total
Data 19 52 | 70 1741 " 17
MC 105 640 | 70. 4.8+4. 153.  +30 for future MC

~ 100 million inclusive DIS events (Q?%>5 GeV?, triggered almost bias-free)
~ 100 million semi-inclusive photoproduction events (mainly via pr>4 GeV dijet trigger)
smaller sets of more specialised triggers/samples (e.g. heavy flavors, vector mesons, ...
~ equal sample sizes for e+, e-, righthanded/lefthanded polarisation
~ 4 billion MC events, for almost any analysis

generation of additional MC samples possible (via MPI)

can technically read/analyze full ZEUS data set on one CPU within ~1 day

(for even faster access, many analyzers produce their own mini-ntuples for analysis)
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How ’ro analyze ZEUS data at DESW

heed.
- interest in some physics topic ©
- agreement with ZEUS management and DESY to obtain
- ZEUS user account at DESY

-> access to NAF/BIRD analysis farm via

ZEUS NAF server (can log on from remote)

- basic knowledge of ROOT

(no special ZEUS software to learnl)
- basic knowledge of particle physics
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Win-Win-situation? %

We offer:
access to real data (and MC)
support for interpretation of data

You offer:
person power

We share:
student supervision (if wished),
interest in physics results

08. 06. 22 A. Geiser, EIC/HERA workshop 9



any hadronic final ;|
state reachable vgiﬂs'\

millions of events}
~ 1.30

1.10

A

B —

0.70/ = Plons (model-l)
— Pions (model-Il)
e D% mesons

0.50 | x> 0.1
25 GeV® < Q° < 45 Ge\*?

Ratio of particles produced in lead ove

LONG RANGE PLAN 140 GeV < v < 150 GeV
fOI' NUCLEAR SCIENCE 0.30 JLdt=10 10"

00 02 04 06 08 10
Fraction of virtual photon’s
energy carrled by hadron, z

-~RA workshop 10




Planned & done: Charm in ep Charged Current reactions

First ever collider measurement, large uncertainties
PhD project of J. Nam, temple university

o S ep — v+jet(s)+X (c tag), /s = 318 GeV, L = 358 pb~!
—
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Sets the stage for future measurements at EIC/LHeC/ ...

.. but also unplanned & done (next slide)
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example candidate for cross-experiment archived/open
data analysis: "Ridge" in long range particle correlations

not completel

unexpected ,Ridge" observed

Is = 318 GeV 0? <1 GeV?
M . 05<p_<50GeV
| n p p aTa cMs 2 <N, <35, |s,,=8.16 TeV (68.8 nb™) A J

CMS paper
JHEP 1009 (2010) 091
(d) CMS N> 110, 1.0GeV/c<p <3.0GeV/c

o~
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Some ongoing example physics fopics

semi-inclusive mini-jets in DIS

ZEUS Preliminary ZeLIS"Pr'eI"lg'OOZ

= NC DIS ZEUS (prel.) 330 pb”

[ jets 21 m jels=2

108 4 jets>3 ¢ je

= jets=25  —— Ariadne 4.12

Events

A. Quintero, Temple

E il l A '
/2 2n/3 5n/6 A¢ (rad) T

Inclusive jets in DIS  F. Lorkowski -> poster at ICHEP22

Search for Lorentz-invariance violation,
N. Sherill, E. Lunghi -> abstract for ICHEP22
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Further example physics topics

Figure 2.18:  Graphs for deeply virtual Compton scattering (left) and for exclusive vector
meson production (right) in terms of generalized parton distributions, which are represented by
the lower blobs. The upper filled oval in the right figure represents the meson wave function.

ZEUS DVCS analysis for
HERA IT not completed

many possible exclusive

vector (or other) meson

analyses for HERA I1 |tk

not completed or

not even started
(lack of person power)

Understanding the glue
that binds us all

SECOND EDITION
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Example physics topics

Deliverables Observables What we learn Requirements
GPDs of DVCS and J/V, p”, ¢ transverse spatial distrib. [dtL ~ 10 to 100 th1: ~0.5 fb-1
sea quarks Lroduction cross-section || of sea quarks and gluons; | leading proton detection;
and glions and polarization total angular momentum IBOIarized e~ Iaud p beams;
asvmmetries and spin-orbit correlations || wide range of  and Q?;
GPDs of dependence on range of beam energies;

valence and

electro-production of
7t,K and p*,K* ?

quark flavor and

e’ beam

sea quarks polarization valuable for DVCS
ZEUS
w 10° I —
2 :
5 WS Ty in DIS |
103 _ o. —
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E+ ot 3 ",
Electron lon Collid?r: Fﬁﬁ% """""""""""" *’+
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pr'esen'l'a'l'lon e
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M., (GeV)
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A bit more on open heavy flavours

Heavy flavours in DIS mostly finished in
ZEUS (and H1) (see next slides)

ZEUS had semi-inclusive triggers on
heavy flavour final states in PHP active
during the full HERA II period

(explicit meson final states, lepton final states,

inclusive secondary vertex triggers)

-> many possibilities left completely untapped
(scarce person power was directed to DIS part)

08. 06. 22 A. Geiser, EIC/HERA workshop 16



ep — eD*X H1 and ZEUS
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ep — eD*X

H1 and ZEUS
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Combination of
H1 and ZEUS
D* measurements

example: z
(energy/momentum fraction
taken by D*) ,

shape directly sensitive
to fragmentation
parameters

more work on theory
needed
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Charm fragmen‘ra‘rlon fractions

rXiv 1509.
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QCD fIT beauty subset

Eur Phys.J.C 78 (2018) 47 =
HERA L NLO HERAPDF2.0 FF3A I
. HERAPDF-HQMASS H1 and ZEUS
28 Q% = 2.5 GeV? 02=5GeV? ' Q?-7GeV?
0.01+ - -
0.005+ —+ ] + 4
0.04L a?-12 Gew2 | {]z 18 Ge‘ul"z | __u:::-2 32 Ge‘u’z | |
0.02 - &ﬁ -
fully consistent with I SR Y == S B st |
| Q? = 60 GeV 1 Q 120 Ge __c:- zuc- Ge ]
HERAPDF FF3A 0.04]- il il ]
0.02 .
az 350 Ge‘u’z B C!z 650 Ge‘u’z T 02 Izilmn Ge\.r'z o
0.04 - -+ + 1
0.02} \ N ]
- I B R 1-: P BT .......li\.‘T}.Tn EPETTIY R AT B | }:T
10* 10° 107 10* 10> 107 10* 10° 1072 «

Bi

new: [mg(mg) = 4.05 000 005 000 " GeV |
ZEUS: mb(mb) = 4.07 tO°14e><p/fi't 4.0°08-O.08 mod/scale 4.0°05-O.00 par GeV

PDG: 4.18 + 0.03 GeV (lattice QCD + time-like processes)
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Input data sets

HERA I combined inclusive + HERA combined charm + ZEUS beauty
+ LHCb charm + LHCb beauty

JHEP 01 (2010) 109 e e

HERA Inclusive DIS 3.5<0°<30000 Ge'ﬂ, 4.32)(10’4-:1(5].:0.55 . - -
HERA inclusive

JHEP 1409 (2014) 127 — —
ZEUS beauty 6.5<Q°<600 GeV?, 1.5x10"<x_<3.5x10” . .
‘ HERA beauty

Eur. Phgls. J. € 73 (2013) 2311 —

HERA charm 2.5<Q°<2000 GeV?, 3x107<x, <5x10” . .
_ HERA charm
LHCb beauty y=4.5, 0<p._<40 GeV
THEP 08 (2013) 117 - , ‘HCb beauty
LHCD beauty y=2.0, 0<p. <40 GeV previously
L | uncovered o—EIC .

LHCb charm y=4.5, 0<p <8 GeV

Nucl. Phys. B 871 (2013) 1 — ‘ LHCb charn:i- —
Y LHCb I.Sharm y=2).u, 0<p <8 GeV AR

10° 10° 10 107 102 10" 1
gluon momentum fraction x

combination of data sets "bridges” complete x range
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Input data sets

HERA T combined inclusive + HERA combined CPQBQ«\QEUS beauty

+ LHCb charm + LHCb beauty [\ \!
. 0“
JHEP 01 (2010? 109 RSk B LR AL AL AL B R AL
HERA Inclusive DIS 3.5<Q°<30000 Ge\V?, 4.32x10"*<x, <0.65 “HERA inclusi .
JHEP 1409 (2014) 127 — O inclusive —
ZEUS beauty 6.5<Q°<600 GeV?, 1.5x10"<x, <3.5x10” *OQ 'HERA — .
eauty

. Phys. J. 2013) 2311 MNO -
B a2 chao e‘-?v%lg&d’? " HERAch '
cnarm

LHCb beauty os 0<p, <40 GeV

THEP 08 (2013) 117 = , Cb beauty
LHCD beauty y=2.0, 0<p. <40 GeV previously
| uncovered . EIC . -

LHCb charm y=4.5, 0<p <8 GeV

Nucl. Phys. B 871 (2013) 1 — ‘ LHCb charn:i- —
Y LHCb I.Sharm y=2).u, 0<p <8 GeV AR

10° 10° 10 107 102 10" 1
gluon momentum fraction x

combination of data sets "bridges” complete x range
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pdaTe and cosmlc ray predlchons

— use final HERA DIS data, include more
oo pews | LHCb data, and ALICE data ->
constrain cosmic ray prompt o
neutrino spectrum (e.g. Ice Cube)

xg(x,12)

{up + antl—u“] flux
_1o? 1
-E :
-7 -6 -5 -4 —3 _3 -1 Tu:. - -.._-_IJ!.'_
10" 10 10 10" 10~ 107° 10 X 1 & 104 — ]
E
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= —— NNPDF3.1 o]
2100 ~=— BGR 1808.02034 NLO "-5"}
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— i PROSA scale var + Mgpam var + PDFvar —— |
0 s [ PROSA 2019, pp = i = sqri(pr2 + 4 mc2)
o | PROSA 2015, pig = i = sqri(pr® + 4 mg?) - - - -
40 = 108} GMS 2015, H3pCR — ..~ |
sof = ' CT14nlo GM-VENS, pp = sqrtipr + 4 m.2) = 2 pp ]
- ) PROSA 2019 GM-VFNS, pg = sart{ipr® + 4 m.%) = 2 .
0: L leeCube prompt upper limit [QD‘% C. L] {Hﬁp CB + ERS) e
E “];" I . e = | " rarara
—20 sl ot sl sl it sesnl s 10° 10t 1:}5 10‘3 107 108
104* 107 10‘10510“103102101 1
Ev,lab (GeV)
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More example physics topics

e R R i =i

e
i e,
i~

The 2015
LONG RANGE PLAN
for NUCLEAR SCIENCE

for list of topics from HERA perspective, see backup, and workshop on

Future Analysis with HERA data, arxiv:1601.01499 arxiv:1512.03624
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Conclusions and Outlook

= — ==

The EIC project is unique and exciting |

HERA data are unique, exciting, and available !
analysis and publication ongoing

many HERA data topics continue to be of interest,

and quite a few are still not finished or even not yet started

arXiv:1601.01499 arXiv:1512.03624 (also see backup)

many have overlap with topics relevant for EIC
-> of particular interest until EIC data become available

bottleneck: person power after end of HERA funding

purpose of this contribution:
motivate that it is worthwhile to team up interest in future EIC
data and existing HERA data to boost the EIC project and to

fully exploit the HERA physics program

08. 06. 22 A. Geiser, EIC/HERA workshop 25



Backup

A list of topics from HERA collider
perspective (and more).

Should be further cross-calibrated with
and extended by topics particularly
interesting for EIC.

08. 06. 22 A. Geiser, EIC/HERA workshop 26



Possible HERA collider physics topics

—as.discussed. at _Euture Analysis with HERA data workshop

BSM:
Provide standard candles against which new physics searches can be
calibrated

Proton structure:
FL combination, integration of high x results into PDF fit, finalize
heavy flavour combinations and fit, improved transverse momentum
dependent PDFs, investigation of low x phenomenology, ...

-> understand the proton, understand QCD, provide detailed
descriptions for other colliders

Are we starting to hit the nonperturbative limit?

Can we make further decisive measurements from existing data?

Can we achieve improved theoretical interpretations from existing results?

Can statements about new physics at high scales be made from the low energy data?

Diffraction and DVCS
Finalize inclusive diffractive measurements, make them more differential

Finalize measurements of elastic vector meson production and compare to
improved theory models and to other experiments

Measure elastic scalar model production, test odderon hypothesis

Finalize measurements of DVCS
08. 06. 22 A. Geiser, EIC/HERA workshop 27



Poss:ble HERA colllder phys:cs topics

Jets:

Finalize (ZEUS) measurements, combine,
make more differential measurements, event shape measurements,
apply NNLO theory, remeasure alphas

Hadronic final states:
Study multiparton interactions and other nonperturbative effects
(re)measure photon structure
(re)measure QCD instanton production
Search for exotic resonances
Complete total gamma-p cross section

Heavy Flavours:
Intrinsic charm
NNLO measurements of c- and b-masses
Multi-differential heavy flavour cross sections
More cross section combinations
Improved measurements of charm fragmentation functions

08. 06. 22 A. Geiser, EIC/HERA workshop 28



Possible HERA collider physics topics

as.discussed. at Fufure Analvysis with HERA data workshop 2014

Electroweak and polarisation studies

Finalize measurements of electroweak parameters, at NNLO QCD + NLO EW,
ongoing, difficult !

Implement electroweak effects in PDFs  ongoing (theory)

Measure higher order QED corrections e.g. fo Bethe-Heitler dimuon
production (e+ vs. e-, polarisation?) not yet

Continue studies of prompt photons completed?

Measure charm in charged current -> constrain strangeness in proton
ongoing

Check new theory developments
for all of the above

Synergies with other experimental programmes
LHC, Tevatron, LEP, ...
LHeC
EIC (this talk)

08. 06. 22 A. Geiser, EIC/HERA workshop 29



Backu

For heavy-flavor part

08. 06. 22 A. Geiser, EIC/HERA workshop

30



| The HERA ep collider and experiments|

up to 30%
of cross section

gy s T e R e

p (920 GeV) e (27.6 GeV)
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How to get access to the HERA data

ZEUS: (common ntuples, flat root ntuples, only software needed:
plain root, almost any version); both HERA I and HERA IT data

contact Matthew.Wing@desy.de (ZEUS spokesperson) (or me)

- either access for specific single project/paper for common
publication, or

- become full ZEUS member (no fees/chores beyond working on
the physics) and participate in all papers

H1: (dedicated OO framework)
contact Stefan.Schmitt@desy.de (H1 spokesperson)

to become H1 member (no fees fees/chores beyond working on the
physics)

HERMES: contact Gunar.Schnell@desy.de (HERMES spokesperson)

for more details, see also
https://indico.bnl.gov/event/9287/contributions/41457/attachments/30600/48033/EIC_2020.pdf

08. 06. 22 A. Geiser, EIC/HERA workshop 32




arton density functions
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-> cross sections at LHC, cosmic rays,
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[Heavy flavour contributions fo o, |

ot e detect Measure cross section
« 2 2 d*o 27T [ 5
= = 1+ (1- y) (0,00,
Q ” XBJ Q /qu dy sz Qéle. T ( I/) GP(XBJ,Q
Bj J P

anything see also talk R. Thorne

I flavo.ur 27.6 GeV
ot tTagging
QZ, Xp; ll or‘i QCD
b ¢ >
p :> 920 GeV,

=> GrbB ’ O'r‘CC_Z
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includes fit of mclusuve charm + jet DIS daTa

charm: {1 and ZEUS
2 04 :_ Q=25Gev’ £ @'=5Gev’ [ Q'=7Gev" [ Q=12Gev' [ Q'=18GeV’
6 03 [ 2
02 E =
01 FHig —
N: -
i i Q'=60GeV' [ Q'=120GeV’ - Q* =200 Gev* - Q" =350 GeV*
0.4 -
02 - _—
0 N
0.3 Q= 650 GeV” n Q= 2000 GeV”
02 - ¢ HERA charm
01 = msm HERAPDF2.0Jets NLO
. PDF uncertainties only ’
0 L
10t 107t w0t 10t d"o
Xp;
08. 06. 22 A. Geiser, EIC/HERA workshop
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Measure cross section

272

dxdQ? ~ Oix

{1+ (1-9?| O,pqc
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Combined fit of

Cons’rmm‘r of gluon at very low x

Xiv 1503.04581 [ M]m-cuauu m-su-

HERA T inclusive data: main PDF constraint

HERA charm and beauty data: constrain m,, m, and |
gluon at low x: 10-2 -10-4

LHCb charm and beauty data, constrain gluon at

very low x: 10-3- 106

DO

=

=)
S
e
-
=
B
=
!
= RO ) =
i
=]
=]
=
=

ﬁfzﬁde]

I F e |HCbdata
—FONLL
1o | —— GMVENS

LHd‘h ]
3 JE= TRV 3

- GMVFNS infr, charm I
coa v b by by by v by Iy 0

f)l i 2 3 4 5 f 7
Nucl.Phys. B871 (2013) 1
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d*o(B7)/(dp. dy) [nb/(GeV/c)]

ey
—~—2.0<y<25
—2.5<y <30

—~—3.0<y <35
——35<y <40
—4.0<y <45
- e !
- LHCDb : '
10F 5=7TeV —— -
[ JHEP 08 (2013) 117
1 MU TRNNT TR NN NI RN SR NN IR AN ST TN TR DR TN S NN RN A N
0 5 10 15 20
pT[GE:Vfc]
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fmalcomparnson of gluon fits

Xiv 1503 04581 Eur Phys J. C75 (2015) 396

PROSA NLO FFNS fit

3 60 Hj=10 GeV" gluon positive
% ::Eﬁ 3:2 + LHCb abs and well
40 HERA DIS + LHCb norm constrained down
to x ~ 10-6
20—
first constraint
° from data
> * for x << 10-4
S

already in use to constrain

1L cosmic ray prompt

\lllll”l | |||||||| | |||||||| | |||||||| | |||||||| | t [ *
(10°) 10° 10* 10° 10?2 10" 1 neutrino specirum
X (e.g. Ice Cube)
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Fmal HERA Charm combma’rlon

209 -> B2 data po|n1's (+ beau‘ry combina‘rion,
see backup)

& HERA B H1VTX & H1iD* HERAHI

¥ H1D*HERA. o ZEUS |1 2005 ZEUS D* 98-00
 oEusDraser o zeuep? o Prus o H1 and ZEUS 3 HERA II data sets added
+ ZEUSD*HERA-I  +* ZEUS VTX an -> 20% impr'ovemenT
'!E:E - @ = 2.5 GeV® 1 GIE=5IGE‘H"E ‘ ' 1 a*= —7Gev ;
0.3 T T . e HERA = H1VTX 4 H1D*HERAJI
0.2 N 1 1L ] o ZEUS n2005 © ZEUSD*98-00 ~ ZEUS D' 96.97
L T ¥4 1 1. ] o ZEUSD + ZEUSD*HERAJl + ZEUSVTX H1 and ZEUS
0-1‘*'-3 T 5._1 T 1 7 g L B ' T T T T T
[ . . = ¢ ! i I WO o © Q%=32 GeV?
| @ =12 GeV? 1 |BEE'I.|"2 qz 32-3-;\:“ ] (d)
0.4+ —+ *‘ + . i fr |
0.2+ % -+ + $ - 0.4 — _
06lacmont o dairmeE T e I | + |
0.4+ -+ + - tu VL
L 4 1 J :ll|
0.2\ + %’i* T ¢ £ 0.2 — ﬂ |
0.6 @° =350 GeV* -+ @ = 650 GeV® + @ = 2000 GeV® . N @ |
0.4] - H}
D.E-— 4 _-_ é _-_ _- u 1 | | 11 1 | 1 1 | | | | 1 1 |
i uwl el ! t ] el wl 4 1 * i AT Al v d . 10_3 1']-2 xBj
10* 10° 107 10* 10° 102 10* 107 107
Bj
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QCD fIT charm x slope

plot data/fit -

vs. <x> of £ -
. . o @
incoming partons “o
(rather than xg;) leE

for each data point

<x> calculated at NLO
using HVQDIS

-> common <x> trend

for all Q2

further discussion (gluon shape (?), low x resummation (?),

08. 06. 22

1.4 1 Q’
[GeV7]
2.5
1.2 5
| 7
| 5 12
] | ; 18
| ; 32
| | 60
0al | | | 120
| | | >200
0.6 Lo o -
-3 -2 i
10 10 10
(X)
..) see backup
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QCD fit: charm subset

_:" :ExPDF-HQMASS £ NLO HERAPDF2.0 FF3A H1 and ZEUS
'Sbg 0.3 _Q2=2.5 Ge\? _—-Qz=5lGe‘ul'2 | 1 Q?=7 GeV? ;
0.2 . + .
. &1—144&h_ ] lﬁﬂh“uhhb T -
fully consistent s e
L Q?= 12 GeV? ~18 GeV? | Q% =32 Ge\?
with HERAPDF2.0 FF3A o4l : ! |
o2 \n.\ ] \ i ]
uncer"rain’ry breakdown 0.6 07 =60 GV RSN _—ohzﬁosexﬂi ]
in backup 047 T T '
0.2_— \\ —+ -}\ T \ ]
0.6ra*-= 350 Ge‘u’z +0Q?= 650 Ge‘u"z c:-’=2:mo Ge\r‘lz I h
0.4 -
0.2+ - 1
| el e \Il\‘-‘ AT T ....:‘E:‘.‘m P BT BT :'\.:??.n
10* 10° 107 10* 102 107 10* 10° 107
Xg;
M - 1 .29 +O°O5-O 04 exp/fit +0 06-0 01 _maod/scale +O.OO-() Q3 par Gev I

PDG:
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1.27 +0.03 GeV (lattice QCD + time-like processes)
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Comparison with oTher m.(m,) de’rer'mma’rlons

this work: FF, HERA, this work ——-

m (m ) = 1.29 +0. 05-0 04 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, e i
Phys. Rev. D96 (2017) 014011

FF (Alekhin et al. NLO) —o—+
previous results summarized in xiSitter
V. Bertone et al., arXiv:1605.01946, S-RCOERE . 1) —— e
JHEP 1608 (2016) 050 : APFEL
S-ACOT—y (CT10 str. 2) —e—
scheme me(m.) [GeV]
FONLL (this work) 1.335 + U.U43(o\(p)fg gg)(”;(p ara 111)+}] }:(l}i( nod)+g gég(tl 1)
FFEN (this work) 1.318 £ 0.054(exp) Ty 010(p11f1111)+8 glg(mod)Jrn g{ij(th) S-ACOT—x (CT10 str. 3)
FFN (HERA) [9] 1.26 £ 0.05(exp) £ 0. 0'3(mod) :i: 0.02(param) % 0.02(as)
FFN (Alekhin et al.) [24] 1.24 + 0.03(exp) Ty 0 (scale) 7000 (th) (approx. NNLO) ,
1.15+0. U-l(exp)fgjg},l(scqle) (NLO) S—ACOT_x (CT10 str. 4)
S-ACOT-y (CT10) [29] 112700 (strategy 1)
1. 18+8 ?T (strategy 2)
119709 (stratemy 3) World average
)

1 | 1 |

i [ ‘)4+8 ?g’ (strategy 4

World average [53] 1.275 4+ 0.025

10 1.1 1.2 13 14 1.5
m.m_.) [GeV]
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The running charm quark mass

Dhys.Lett.B 775 (2017) 233-238, ar

Do mass determination separately for different Q2+4m?2

Y
o))

E HERA

: 14 ° NLO fit of HERA data (this work) r‘unning mass

E_G \ ] PDG with evolved uncertainty concep'i' in QCD

E is self-consistent |

-

—h
| | [ | I | [ | L I L
|—.—1 ]

0.8
¢ but mass is also
0.6 | manifestation of
Higgs Yukawa
0.4 — 1'0 — couplings |

=
[~
;)
S

Yq = V2mg/v
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the running beauty quark mass

translate m,(m,) -> m,(2m,) Prog. Part. Nucl. Phys. 84 (2015) 1
ZEUS
; 5 [ I I [ [ [ [ | 1 [ [ I I [ T 1
5
45 PDG  2m,
= (lattice etc.) EP
3 L
E ZEUS |

=

w

18)]
IIII||III||III|III||IIII|III|

»*
IIII|IIII|IIII|IIII|IIII|IIII

%

[ | PDG with evolved uncertainty a
3 A ZEUS 1.
® DELPHI 3-jets .
* DELPHI 4-jets NLO 0
A ALEPH P
2.5 O OPAL
O SLD
2 | 1 | | | 1 I 1 1 | | | | 11 |
10 10°
u [GeV]

08. 06. 22 A. Geiser, EIC/HERA workshop 43



|Deep Inelastic ep Scattering at HERA |

HERA: . T

23 - Zf: """" ' * Proton (P)
___..:::::::- q TS

L.
________
- -

=
_________
-

* . . _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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measurement of m_ running

= Dhys Lett.B 77 B 238, arxiv:1705.08863

H1 and ZEUS preliminary

""s_eao:' L [T :

253_ . m,(m ) scan for Q° = 2.5 - 7.5 GeV* _E

AN ]

200 - E

0 2 2 2 2 155_ _f
0.5 Q%=18 GeV Q%=32 GeV - ]
100~ -

sf- E

Q’=120 GeV B Q’=200 GeV Al A R ‘rlnl'("n;c)l[clael\;js

Q°=2000 GeV2

o~ HERA extract m. (1) separately

I ABMOSNNLOMS ° ° .
L1 ABMOSNLO WS fOI" 6 dlffer‘en'l' kmema'l'lc

ranges in P2 = Q%+4m2

10 10° 1072 10 10° 1072 107 10° 1072
Xg; (take log average for central scale)
J
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simultaneous NLO QCD fit of
combined inclusive DIS data (arXiv:1506.06042), Q?,...=3.5 GeV?
new combined charm and beauty DIS data

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
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| ~——— "\*\é,.

ZEUS /|

1992 - 2007 |

What is ZEUS?

International Particle Physics Experiment
which recorded high energy electron-
proton collisions at the world's (so far)
unique lepton-proton collider HERA at
DESY in Hamburg, Germany

y
e

e

electron (=)

Physics data taking: 1992-2007

one of main physics goals:
measure structure of the proton to
~10-18 m, i.e. 1/1000 of proton size

("X ray” of proton with electrons)

also well suited to study general QCD and
electroweak physics
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“Discoverability”
DPHEP portal:

http://hep-project-dphep-portal.web.cern.ch

ZEUS web page:
* http://www-zeus.desy.de/
information on ZEUS far from perfect

(person power ..., in case of availability conflict, content/useability
takes preference over (organisation of) documentation)

.. but we are proud of what we achieved ©

see also presentation A. Verbytskyi at DIS2016 conference

https://indico.desy.de/contributionDisplay.py?contribId=1764&sessionId=7&confId=12482

and ZEUS MPTI web page https://wwwzeus.mpp.mpg.de/
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