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HERA
HERA II: the upgrade

MINOSIty collected by H1/ZEUS

m 96/00(HERA 1): e*p ~ 130pb~!
m 03/07(HERA II): e*p ~ 380pb~*

HERA delivered

East Hal (HERMES)

= Elecrons/ Posirors

Integrated Luminosity (pb™")

200 400 600 800 1000 1200 1400
days of running

End of HERA program: June 2007

(Iast 3 months low energy running —> FL)

B E, =920 GeV, E, =27.6 GeV — /s = 320 GeV
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HERA I

HERA

HERA II: the upgrade
Most relevant upgrades for HFL production:

m H1 Fast Track Trigger

m ZEUS

Micro Vertex Detector (MVD)
ZEUS

EUS (prel) 2004

muons

Fast Track Trig

1
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5 (cm)
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HFL Production Heawy Flavour et production

NLO and MC

Dominant production process in ep-collisions: Boson Gluon Fusion

27,6 GeV Multiple scales involved:

Cb m My ~ 5 GeV, Mc ~ 1.4 GeV
4 = Q% ~ 0 GeV? (photoproduction - ~p)

= Q% >~ 1 GeV? (deep inelastic scattering - DIS)

C 5 [] Ptc’b few GeV
)

920 GeV. Powerful tool for testing p structure and
> the applicability of pQCD

Direct sensitivity to the gluon content of the proton W Ko

Kinematic variables:

= Q% = —g’photon virtuality, squared
momentum transfer ~= &=

Q2 - . .
m x = >*—Bjorken scaling variable
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N I_.O a nd M C Heavy Flavour HFL Production

NLO and MC

Prediction: Describes:
I: LO+PS: PYTHIA, HERWIG (DGLAP) vp
b RAPGAP (DGLAP) DIS
CASCADE (CCFM) yp&DIS
0Q

} Parton shower NLO: FMNR -
. HVQDIS DIS

MONTE CARLO

\ °

m leading order + parton shower models available, including flavour
excitation, DGLAP evolution (PYTHIA, HERWIG)

m CCFM evolution with k; factorisation (CASCADE)
THEORETICAL CALCULATIONS

m full NLO calculation (FMNR, HVQDIS) available

m massive scheme FFNS (heavy quark dynamically generated in the hard process)
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Charm tagging
Charm results in PHP
Charm results in DIS

Charm tagging

Charm at HERA

F5¢
Enaan HERA is a charm f !
H ® ZEUS (prel.) 1995-2000 IS a Charm aCtOI’y
218000 [ . 126.5pb7) 7]
3 L backgr. wrong charge . .
Eroo0 |- Moy - seraesay ] Ouds - Ocharm - O beauty
gy 1 ~ 2000 : 200 : 1
12000 P ] B
10000 —
8000
o b m meson tag, e.g. D* golden channel:
4000 [- D* — K_7T+7T+
2000 . . . .
oLl \ \ m lifetime tag, e.g. DT (or inclusive)
0.14 0.15 0.16
M(Krn,) - M(Kn) (GeV) 8 C)
T 10
‘ g F H1
Zow | r
g s 103§
z
0| r
s 107
g
it ; + 10
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. Charm tagging
C h arm iIn P H P Charm at HERA Charm results in PHP

Charm results in DIS
F5¢

Ol g >
yp: inclusive D yp: D* + other jet
%‘ 10 -®-Data T . [ e om
$ H1 —rmw -
B 1 -+- FMNR (beauty) E. FMINR ® Had H1
=N AN GMVFNS = - FUNR
o XX ZMVFNS@Had

— = 2L
:Q/ 1071 Ry b 10
g 3
o
z k]
g w? E 10°

2 A
o 15t DI

18 AN RN

05
2 4

8 (D )m[G \ﬁz 0 30 60 9 120 150 180
p(D") [Ge T 1o
! A (D%, jet) []

CTEQ6M and GRV-GHO used as proton and photon PDFs. i . o .
m Available NLO underestimate significantly the xsec in

B H1 updated D* PHP results: 5x statistics (51 pb— 1) A¢(D*7_jet) < 120° — h|gher

. order contributions
m Explored region extended
piet GMVFNS (General-mass variable-flavour-number scheme),
— P7" lowered to 3 GeV ZMVFNS (Zero-mass variable-flavour-number scheme).

m Theoretical uncertainties of
GMVEFENS larger than data
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. Charm tagging
C h a rm in D I S Charm at HERA Charm resaults in PHP

Charm results in DIS
Fc

g o w w E m Data described by NLO QCD over
fuf oy E 5 order of magnitude.
R 1 1
EY: ] m current HERA |l results (162 pb™')
F E ..
w0’ ] comparable precision
3 ® ZEUS (prel) 162 bt i
10 g O ZEUS BpF’C (prel.)p98700 Ef
10 O ZEUS 98-00 ]
75% —— HVQDIS §
OB vl v i 3
w0 : 0 w! ( 107 m First measurement in transition
Q@ (Gevd) .
region between PHP and DIS
- ZEP S (DESY-07-012)
s, vp DX Low Q? values reached by
O 10 E| . .
g measuring the scattered electron in

0, (W

Beam Pipe Calorimeter.
® ZEUSBPC

5 Zous Photapraducion 9057 BPC results

= 0.05 < Q% < 0.7 GeV?

- E 2
10 10 10 1 10 10 10 n fit U(QZ) — SMZ/(QZ 4 MZ)' — M2 =152
GeV2, (M? ~ 4m?)

»—\

o
T
L
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Fragmentatlon Charm at HERA

Charm tagging
Charm results in PHP
Charm results in DIS

The production cross section of each
charmed meson can be measured and
the fragmentation fractions of charm
into each meson can be estimated

AC hadrons

X

S. Miglioranzi

F3

o8 Y * ¥y vie-o ]
05F M fc-D) ]
F Mfc- D]
041 Af(c- D) ]
L *fc-A) ]
03k @ (c c)i
F u ]
0.25. | =
R \ ]
1 A 3
F (b) 1
00— .
s & 2
9] +

Measurements at HERA agree with
ete™: charm fragmentation fractions do
not depend on the hard subprocess
(universality )
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Charm tagging

Charm at HERA Charm results in PHP

Charm results in DIS
FCE
2

HERAF,"
Tl e x 000003 ™) F5¢ related to double differential cross section:
19,
gaem X O o007 o™ #0C(x,Q%) _ 2na? 21 EcE(y 2 2pce(, o2
= 000007 (<4 1 L@ 2me? (4 (- PR (x, @) — VP (@)
0 000013 (") dxdQ? Q* ( 2 t )

_ 16, =
10’—& R ] m F[¢ neglected (y small)
_ 14 = . .
W& s o E m the measured F5¢ unfolded using a ratio

, / x = 0.0005 (x 4") ) .
° 7///,/:1" x=0.0006 (<4% 3 of measured and theory cross sections to

=0.0008 (x 4" c
100 Y ) 1 F5¢ thus:

x=0.001 (x4'%)
1050 ,./’(/x:o.omz(m’) 3 ce 2) _ Oimeas(ep—D" X) Fce
ol e 2meas (%2 Q) = 5.0 ep=D70) F2heo

x=0.002 (x47)

x=0.003 (x 4%

1030 % .
=0.004 (x 4%)
A’M x

107 et X2 0.006 (x4Y) 3

o L " x = 0.008 (x 4%) ] .

! :g;;;—zgm‘:wf,a,ngog m Recent H1 measurement performed via
; X

L e e x=omccah ] lifetime tagging

¥ _x=0.03

af o ©
10} === ZEUSNLOQCD g ¥ =1LV
2 3
1 10 10 10
2 2
Q" (GeV)

m Scaling violation visible in F5¢ evolution
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C Charm tagging
1
F2CC Cont d Charm at HERA Charm resaults in PHP

Charm results in DIS
FCE
2

ZEUS

45 o s2cev? 0.45 |
04 F 04F
0.35 | 0.35 |
03F 03k
0.25 F 0.25 F
02f 02k
015 F 015F
0.1p 01F )

005 E 005 Q% =20.4 GeV/ e . 0
e 0 F gt m F5° measurement using D,
10 10 10 10 h - - - .

x ooy DT and D, comparable with

s 05 those using D*

.45 £

04 f m Predictions describe data
0.35

osb well for all Q2 and x

0.25

02F

015 [ ® ZEUS D° D, *(82pb™), D* (65 pb™)

01f ) O ZEUS (82 pb™) D’

Q°=111.8 GeV'

0.05 — NLOQCD
o ‘ ‘ ‘
10° 10* 10° 107
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Beauty tagging

Beauty at HERA

Beauty tagging
lifetime tag
double tagging

beauty summary
L

m Large B mass: P; of muon relative

to the jet axis (P%)

m Long B lifetime: muon impact

parameter ()

rel

P,

S. Miglioranzi
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lifetime tag

Beauty at HERA

Beauty tagging
lifetime tag
double tagging
beauty summary
be

@

-
<

n(S) - n(-S)

—

10

S. Miglioranzi

>

m Inclusive PHP sample (all tracks
with P; > 500 MeV)

m Significance of signed impact

-G — 6
parameter: S = (5

S1 (1 track associated to jet) significance of the track
52 (> 2 tracks associated to jet) second highest
significance — enhanced sensitivity to b

m extract b anc c fraction from fit to
subtracted significance distributions

ADVANTAGE: higher statistics w.r.t.
D* or lepton analysis
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Beauty tagging

Cross sections lifetime tag

double tagging

Beauty at HERA I)e}:[luty summary
Fbb

>

First simultaneous measurement of

_ (a) CHARM i
% 10°E @i o Duta 4 Charm and Beauty in PHP.
g E --- Pythia El
2+, HI e Cascade ] Jet transverse momentum extended
I Ul —— NLOQCD®had § .
g L NHoQeb et 2 to larger values w.r.t. previous
[] r ]
© 1 E measurements.
) S S | S E
- 1‘5 2‘0 2‘5 3‘0 ;5
2/ Gev m PYTHIA and CASCADE
t
_—_ BEAUTY (LO+PS) : good shape
% 1025 ep — ebbX — ejjX ® Data E . .
- . 1 -~ Pythia ] description but generally data
I v Caseade ] . . .
i 10;—127_ == NLOQCD@had higher in normalisation.
= E 3 -
2 f et ] m pQCD NLO prediction
1 | . .
. 3 consistent both in shape and
wE ‘ ‘ ! ‘ ] normalization
15 20 25 3Q 35
p:“:/(;ev FMNR: CTEQ5F3 proton PDF , GRV-G HO photon PDF
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Beauty tagging

double tagging ifetione tog

double tagging
Beauty at HERA beauty summary

b double tag :
ep — bbX — ppuX’
ep — bbX — D*uX’

jet Low background
K

l,l,_ m di-mu and D*-mu selection in final state

m separation of the sample in high-low mass, isolated and
non-isolated, like and unlike sign muon pairs

Full phase space for production

m low P; threshold for muon identification

secondary
venex m large rapidity coverage of ZEUS muon system

Direct measure of total bb cross section w/o any cuts

m muons from same b: unlike sign, same hemisphere,
primary vertex mass below B hadron mass

m muons from different b: both like and unlike sign,
different hemisphere
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di-muons

Beauty at HERA

Beauty tagging
lifetime tag
double tagging
I)?:Imty summary

ZEUS
@ e 1y @ SO0 e
S 1400, «  ZEUS (prel.) 96-00
2 S bbMc
w1200 1 Jiy.v', BHMC
1000 e
800
600
400
200
L e B S 1‘1]
P} (GeV) n
S 10 T T : —
8 ® ZEUS (prel.) 96-00
E —  (PYTHIA+RAPGAP) x 1.95
:’ E= NLO QCD (FMNR*PYTHIA)
-
2 10 | E
2
3 [
o 3
1 ks I m
. . . ! ! ! ! !

2 3 4 5 6 7 8 9 10

background sources
m open c production (high mass, unlike sign)
m hidden ¢ (JW, W) (low mass, unlike sign)
m 7y processes (high mass, unlike sign)

m fake p (light flavour bkg) (like and unlike sign)
background subtraction

m charm pair production (unlike sample only) estimated
from D™ + 1 analysis

m fake p bkg removed using difference sing-unlike sing
samples (Ifl cancels)

what is left is only b contribution

(ep — bb — pupX)
s 0“5 634+ 7(statA)+21%(syst.) pb

® NLO: 3075 (NLO) 5 (frag + br) pb

FMNR: p PDF CTEQ5M, v PDF GRV-G-HO
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Beauty tagging
lifetime tag
double tagging

Beauty at HERA beauty summary

Ad < 90° Ad > 90° m This measure extends to significantly lower
centre-of-mass energies of bb system than
previous HERA xsections

m Simultaneously detection of D* and p —
test high order QCD effects

m D™y sensitive to possible transverse
momentum k; of the gluons entering the
quark pair production process

charm (%) 0.1
beauty (%) 38

1

%
S p
— VIS *
5 of*(ep — eD*uX)
e
S o . . 53tl4
e ws = H1: 206 + 53 & 35 pb (NLO: 53F%' pb)
ZEUS: 115 + 2921 pb (NLO: 54112
QDY =0 QDY - Q) ZEUS " = —27 P ( —10
ok umryyy o 5 T T T pb)(DESY-06-166)
Q gop [ Duirombeauty ‘ C16 [ o zEus(11apbly ]
Z 1 from charm = £ NLO aCD P
7of. 0 Ve sakgns S E VIS s
e I Son I 0 (ep — eD*1X)
1910 E|
5 E = HI: 250 & 57 & 40 pb (NLO: 286713 pb)
s k|
jy S— ]
oF } ] FMNR: p PDF CTEQ5M, v PDF GRV-G-HO
o P
1 10 10’
Q? (GeV?)
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Beauty tagging
lifetime tag

correlations B e

Beauty at HERA I)e}:[luty summary
Fbb

>

Azimuthal correlations for:

=
D* —pu

ZEUS
:E | @Data S g [ o ‘zeus (;;rel.) 96-‘00 1
o 0.02|~ --FMNR H1 3 B (PYTHIARAPGAP) x 1.95
2 I ===FMNR (b) : T 20 | &5 NLO QCD (FMNR*PYTHIA) 1
% | ==LO (FMNR) : ’.2 ————— LO QCD (FMNR*PYTHIA)
o : .| S5 ]
Lom} T s +
- 10 | 1

o [ 4
5
; i

m deviations from LO — high order effects, good agreement with NLO
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Beauty tagging

beauty summary ifetime tog

double tagging

Beauty at HERA be}a}iuty summary
7"

s R MR
8 ] do/dp7(ep—ebX)
35_ # i Q*<1GeV?, 0.2<y<0.8, |nb|<2 b
=~ NLO QCD (FMNR) A
ar —— ktfact. (LZ J2003 set 1) 3
k] & H199-00bjet ™ ]
S ¥ H199-00 by jet ]
10 ® ZEUS 96-00 by jet
A ZEUS (prel) 04 b—y jet E
O ZEUS 96-97 b—se DN E

1 O H197-00 b-D*u T =

B ZEUS 96-00 b—D*u 3

[ * ZEUS (prel) 96-00 bb—py R

-1

10 e b by b by oy by sy

0 5 10 15 20 25 30

<p (GeV)
m at low pr values data slightly above NLO QCD calculations

m HERA |l data needed to improve cross section determination, especially in
the low-p2 (double tag measurements) and high-p% (lifetime mesurements)
regions
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Beauty tagging
lifetime tag
double tagging

Beauty at HERA beauty summary
Fpb
© T
3
LLN
0% 4 |
oF 3 m First measurements of F2°
m First NNLO calculations available
1k , m Large spread in theoretical
predictions
) . m Measurements from the two
10t Z E . . -
« H1Daa experiments compatible within the
= ZEUS (prel.) 39 pb™ =0.032 : ;
. MRSTO4 =0 errors and in agreement with theory
10 — MRSTNNLO % |
CTEQ6HQ
rrrrrrr HVQDIS + CTEQS5F4
10 | | 5 | 3

10 >
Q? IGeV/
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Summary

Summary

pQCD tested with HFL production
Charm production
m NLO describe data well in a large range of Q? (including
transition region between PHP and DIS)
m Fragmentation universality confirmed
m Charm data in PHP more precise than theory

Beauty production

m Data agree with NLO at high P;, at lower P; tendency of data
to be above the central NLO predictions.
m First measurements of F2? structure function

m HERA Il data are being analysed. More precise and interesting
measurements to come...
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s x#>0.75 s X%<0.75
o ZEUSEBOO . -~ NLO.QED (messive)
et energy scaleuncertney ZZZ5 NLOQeD (mesive) O had.

m ZEUS PHP dijets
correlations

do/dag(ep— €+D*+jj+X) (nbirad.)
5]
R

s X075 s
—— HERWIGx 25

101L - PYTHIAX1S J101f
107} ? 4107
10° 410% 4

-4 L L L 4 L L L
0 T 2 3 0% T 2

g (rad) ¢ (rad)
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backup Il

Summary

massive scheme
m ¢, b massive

m neglects terms (as |n(Qz/mz b )"
m scales mp,, mc

—c, b produce perturbatively (not part
of the photon or proton)
massless scheme

m ¢, b massless

m resums terms (o |"(Q2/m§ )"

m scales Q2, Pt

—c¢, b also in proton and photon
variable flavour number scheme

m  massive at small 02

m massless at large QZ
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backup Il

Summary

~
o
Q20
X
5 Gluon dens.
X
151 \ main reason for beauty suppression:
) \
(=20 GeV? phase-space factor
Q=200 GeV? m  kinematic threshold for b production due to its mass
10r \ > 9 fraction of f f
" X 2 E %00 Gev (xg fraction of four-momentum of
the proton carried by the gluon participating in the hard
interaction)
c
o m for charm xg > 104, for beauty xg > 10—3
5 E
o
a
g
°
— b E
[ [ E———— T BT .
-4 -3 -2 -
10 10 10 10

X
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Summary

3 =
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A e o (RN T T ~ Ty
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Summary

ZEUS
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t )
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—— ZEUS NLO
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