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DIS at HERA

Hall EAST (HERMES)
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.' Photon virtuality:
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Deep Inelastic Scattering
(DIS): Q%> 1 GeV?

-=— Protons
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Introduction to HQ production @ HERA

e(k’) > Important test of QCD
e(k) > Multiple scales (@2, m_,, p-(c.b)):
> a challenge for pQCD.
v(q) % : C Massive/fixed-order pQCD
calculations: heavy flavours are
ME A D produced perturbatively
< @
g p) S > Fragmentation model c,b — D,B

PDF

————
PR Xx(1-8p)
> Direct probe of the gluon in the c"®=PDF O ME O FF

proton: predominantly boson-gluon
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Heavy-quark production schemes

Massive scheme (FFNS): Massless scheme (ZM-VFNS):
* ¢,b quarks are massive; * ¢,b mass neglected:;
e valid for Q% ~ M?_; - valid for Q% » M?
> HQ produced perturbatively 2 HQ present in proton
e %/e,/ e /e/
1% , ,

Variable FNS (GM-VFNS):

g ¢ ¢ equivalent o massive at small Q?; (g

ﬁ U;,\ * equivalent to massless at high Q2

2> HQ present in proton starting

from a certain scale
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Charm combination

EPJ C73 (2013) 2311
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> b5 data points ->
52 combined points.

> x*/ndf=62/103.
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Charm combination

EPJ C73 (2013) 2311

H1 and ZEUS
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> Extrapolation to the full phase
space + related theory
uncertainty (see M. Sauter's
talk for D* combination in
fiducial region)

> Charm reduced cross sections:

d0_052= 2”2(2[1+<1_y)2]0ifd
dxdQ xQ

> Well described by NLO and
NNLO massive ABMO9
predictions.

> Uncertainty at low Q° is
dominated by charm mass

variation .
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Extraction of MS charm mass EPJ C73 (2013) 2311

200 H1 and ZEUS
EC R T > Simultaneous analysis of the
Charm + HERA-Il inclusive . . .
i o FF (ABM) . combined charm and inclusive
680! m(m )=1.26 + 0.05 GeV B DIS HERA I data.
> Mass scan.
660 —
B ’ _,
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mc(mc) [GeV.

me(me) =126 £ 0.05eg, £ 0.03,00 £ 0.02pa00m £ 0.02,, GeV

PDG 2012 : m (m ) = 1.275 + 0.025 GeV
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MS charm mass running

H1 and ZEUS > Extract m (m ) in separate
Q’=2.5 GeV? | Q’=5GeV? | Q’=7 GeV?

kinematic regions

~ > Translate back to m (u)
c.!2=12v2 | Q’=18 GeV? Q2=3zeev2 (”2:Q2+4m62) USing OpenQCDl"Gd.

> Important QCD consistency
check.

Q°=120 GeV? | Q=200 GeV?

H1 and ZEUS preliminary
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New charm measurements: D’ THEP 02 (2014) 106

ZEUS

> 6000 _| LI R B I B T T T T T
S D*DKnr, ] =~ 2500 TR
< - 1 e  ZEUS D* 363 pb" . -g_ (b)
< 5000 — ° * P — ‘
o — — . ; | — * —
s C @) Wrong-sign combinations ] " 2000 T * * i '—*—- +_|_+
o L ] A —Eo—-a T -' }
C i i  0a ; tr0- R il
@ 4000 - Signal region - ;_ 1500 T- F, * - -1
-2 C o —— —— Background fit (correct-sign) ] y o] [t
© - ° a E - - P
= — ; i _] — C ZEUS D* 363 pb
_g 3000 = Background fit (wrong-sign) ] b 1000  pul— b s RGP e 1 E
3 n 1 O - '
2000 — — C — — RAPGAPBGF cx 1.1 +bx 1.6
m ] 500 - -
C - B ——— RAPGAP bx 1.6
1000 L . 0 :—== ------------------------
OI ] 15 1 05 0 05 1 15

140 145 150 155 160 165 170 D*
M(Knr,)-M(Kr) (MeV) Tl

> The most precise charm DIS measurement from ZEUS.
> Well described by massive NLO QCD predictions.
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New charm measurements: D*, sec.vtx
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> Independent from D" data: D* and secondary vertices+lifetime tag.
> Additional statistics and cross-calibration of systematics.
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Charm-enriched sample
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Comparison of charm: D', D*, sec.vtx., combination
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New beauty measurement: sec.vix arXiv: 1405 6915

5 2<m,, <6GeV,|S[>8 ' . .
g 10—y > Measurement of HF jets using secondary
= r . EI [n:nte Carlo E . ] ] .
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New beauty measurement: sec.vix arXiv: 1405 6915
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Extraction of MS beauty mass arXiv:1405 6915
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H1 and ZEUS preliminary

> Most HERA DIS charm data were combined:

* the data are well described by fixed-flavour and
variable-flavour NLO and NNLO QCD
predictions;

» charm mass measured: m (m ) = 1.26 + 0.06 GeV:
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* first measurement of the charm-mass running.

> New charm measurements will provide further T
constraints: o zeus

* D, D', secondary vertices+lifetime.
> New beauty-jet measurement + lifetime tag in
DIS by ZEUS: : i
* one of the most precise beauty measurements at
HERA;
* beauty mass measured: m (m )= 4.07 + 0.17 GeV.
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NLO QCD predictions

Hlprelim-13-171, ZEUS-prel-13-002
> Fixed-order O(a.®) calculations using HVQDIS.

> Set-up follows closely the one used in the combination of inclusive charm
cross sections (EPJ €73 (2013) 2311) (see back-up). Only p, and p_are

varied independently.

> Small beauty contribution is estimated with RAPGAP and normalised
following original analyses.
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Charm combination

H1 and ZEUS
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> 155 data points -> 52
combined points.

> Charm reduced cross
sections:

d O_C‘E

=20 (1Pl
a’xa’Q2 2ol red

> Good consistency of the
input data: x°/ndf=62/103.

> Well described by
HERAPDF1.5 (from inclusive
DIS only).

> Strong charm-mass
dependence.

X
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Charm combination EPJ €73 (2013) 2311

— RT'standard - - ACOT-full ZMVFNS — RT standard - - ACOT-full ZM-VFNS

~_RToptimised  S-ACOT-y H1 and ZEUS ~-RT optimised - S-ACOT-y H1 and ZEUS
53 @’ = 25 GeV? @’ = 5GeV? @=7Gev? |93 Q%=2.5 GeV? Q%= 5 GeV? Q%= 7 GeV?
o] ] i © i i i
- 0.2 - -
N r 7+ ?“ | \\‘\ i
! I Lol llelrlrlr:? PRTTTT ERRTTHT I Hw\ > 0 rniuﬂ ﬁ\ \—I;_‘IHH ‘|7||ﬁ Col ol ||\|||J \\ Cond ol vl -
0.5 Q*=12GeV® | Q°=18GeV* | Q* =32 GeV? 05 Q=12GeV* | Q=18 GeV* | Q=32 GeV*
- F ey RS - [ L P L N L
Q vl vl vl T PRI SR AT AR AT M. IR RRTIT M IR ETITT MR 0 ol ol vl \I T ORI NI M AR RTTT M » e RN AETTY B AR ETIT ARNIRRRTTT B
0.5 Q’=60 GeV* | Q=120 GeV? | QF = 200 GeV? 05! Q=60 GeV? | Q@*=120 GeV? | Q%=200 Ge\?
u wl vl vl e v vl el 0 Lol \IIIHIl 1 |||||||| Lo il IIIIHI| 1 ||\||||| | \I-I\ Ll |||||||| 1 ||\||n‘ Ll
05 Q’ =350 GeV* | Q’ = 650 GeV* | Q’ = 2000 GeV? 0.5 Q?=350 GeV? | Q%=650 GeV? | Q%=2000 GeV?
| s HERA Rl | | e HERA
| L . ' : h : : 3 :
_ N N . .
FEVTTY S ERUTITY M RRTVITY AATRUY: S UVTTY MWW OTTTT NS RVTITY MAETIr SWTTI M WRITIT! MRS S Coonl el vl \;III Col e vl o el ol ol
-4 -3 -2 -4 -3 -2 -4 -3 -2 0 -4 -3 -2 -4 -3 2 -4 -3 -2
107 10" 10 10™ 10 10 107 10" 10 10” 10”7 10 10° 10 10 107 10 10
X X

M_(effective parameter) Optimal M_value for
is fixed to 1.4 GeV. each scheme.
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Charm combination EPJ €73 (2013) 2311

H1 and ZEUS H1 and ZEUS
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Optimal M_value for
each scheme.
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H1-prelim-14-071,
ZEUS-prel-14-006, +S.Moch

MS charm mass running

H1 and ZEUS preliminary H1 and ZEUS preliminary
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> Left: m (m ). Right: m (u).
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