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Overview Part 4

e Jet Physics

— Cross Sections

— Strong Coupling
* Heavy Quarks
— Charm
- Beauty personal selection!
e Diffraction many more analyses
are done!
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Jet Physics &
the Strong Coupling «q
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What are Jets?

¢y Run 418696 Event 04985 Class: 4 5751119 25 25 20 Date 22/06/2005

* jets are narrow
bundles of
hadrons
originating

3 from quarks or

gluons

Mjj = 185 ; PT1 = 85 ; PT2 = 84

* can be used to
study QCD and
the strong
coupling
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How Are Jets Produced?

* do analysis in a frame where photon and proton collide head-
on (e.g. Breit frame)

2 LO DIS cannot produce transverse momentum

2> jets with transverse momentum can originate from boson-
gluon fusion (BGF) or QCD-Compton (QCDC) processes

Y
Y

BGF QCDC
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Jet Cross Sections
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Jet Cross Sections

Normalised Inclusive Jet Cross Section

1
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¢ from Jets

o, from Jet Cross Sections

- H1 Preliminary
i * oJun=Q)for Q<100 GeV? (HERA I)

* oJu=Q)for @*> 150 GeV? (HERA I+ll)
~— Combined <o (1)> éincl., 2-, 3-jet)

e running of xg
visible 1n one

0.3° from Q"> 150 GeV measurement
NLO uncertainty
+ * theory

uncertainties
larger than
experimental

0.1C i uncertainties

19 q/Gev 10°
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Running of «q
HERA
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Running of «q

HERA
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X (Mz)

-------- HERA measurements

th. uncert. .
{ Inclusive jet cross sections in NC DIS Often domlnated by
exp. uncert. ZEUS (Phys Lett B 649 (2007) 12) SYStematiC and
la B Inclusive-jet cross sections in NC DIS thGOI'thC al
H1 (DESY 07-073) . .
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Improved Parton Densities
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Heavy Quarks
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Production of Heavy Quarks

predominantly via

e :
> boson gluon fusion
b
¢ large quark mass allows
b pQCD calculations
directly sensitive to gluon
)p density in the proton

. . 2 __bb 2
heavy quark contribution =~ 40" _2ma’ F(x. 0% =2 F*(x . 0°)
to structure function dxdQ® xQ* | 7 y, "7
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charm Signals
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do/d@® (nb/GeV?)

D* Cross Section

ZEUS D* production in DIS
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good description by NLO pQCD calculation (HVQDIS) in full
measured Q? range (> 4 orders of magnitude)

PDF: extracted from inclusive DIS
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Tagging of beauty Quarks

* large transverse momenta due to large mass

* semileptonic decay

* long lifetime (beauty ~500 um, charm ~100-300 um)

| lifetime taggin
iy gging
Jet1 ‘ 1{;
| p rel prompt displaced
.- T
: tracks / “tracks
. / o
e secondary
’ «Rrimary vertex
vertex ——
T
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beauty Cross Section Results
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some data higher than NLO QCD theory,

but good agreement for the most precise data
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Contribution to the Cross Section

H1 CHARM AND BEAUTY CROSS SECTION FRACTION
SRR DL DL B "L L I I~ S L I B

l=
o

- T & T o

* large charm fraction o o |

-2f u % T £oB

(up to ~30%) PR VR VA

e small beauty fraction I P
(%0 to few %) vor * +

 charm and beauty | |
thresholds 0 -

* reasonable description  *
by theory

af x=002 1 x=0032 x=0.05 -
= | | | = | | | | L

vl v anml vl s o vl s ] ETET AR TTET BN AR TTTTT B =
10 10% 10° 10 10% 10° 10 10° 10°
Q% / GeV?

Katja Kriiger Physics @ HERA 19



0.4

0.2

0.4

0.2

HERA F

[H1 HERA I:
-0 D¥ O VTX
[ ZEUS HERA I1:

o D* o D', D%, D |

Hl(prel ) HERA II:
u D¥ m VITX

ZEUS (prel.) HERA II:

| e D¥ e D" o p ]

Q? =2 GeVf
1 NLO QCD:
1 — CTEQS5F3

4 Ge\rl‘

- MRST2004FF3]

TTim T 1T
7 GeV?|

0.4

0.2

11 GeV?

0.05

0.04
0.03
0.02
0.01

Contribution to the Structure Function

H1+ZEUS BEAUTY CROSS SECTION lIl DIS
Q=5GeV® | i

Q—12GeV

Q 25 GeV>

Q°= 130 GeV~ |

Q=200 GeV~ |

+- —t T e T
- Q=650Gev? 0™ 107 107 10”107 107
; |« H1 (Prel.) HERA 1+11 VTX
3 1 = ZEUS (Prel.) HERA 11 39 pb™* (03/04) n
d 1 v ZEUS (Prel.) HERA 11 125 pb™ (05)
| — MSTWOS (Prel.)
] |~ CTEQ6.6
it . CTEQSF3
10 107 10

Katja Kriiger

Physics @ HERA

20




Diffraction

Katja Kriiger
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What 1s Diffraction?

* in general: 1n DIS events the proton breaks up

* 1n diffraction: the proton stays intact
(but nevertheless W>M,)

empty

surprise: ~10% of all events at HERA are diffractive!
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Diffraction

p p

* idea: interaction
between photon
and proton by a
,,Pomeron‘

— colourless

— already used to
describe low
energy hadron-
hadron scattering

— no particle!

Katja Kriiger

Physics @ HERA
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Physics 1in Diffraction

* many things similar to inclusive DIS

— diffractive parton densities
— jets 1n diffraction

— heavy flavour in diffraction
* test of factorization

— are the parton densities the same for all diffractive
processes”?

— or: does the Pomeron know what happens at the
photon vertex?
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Diffractive Parton Densities
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Diffractive Dijet Cross Sections

H1 Diffractive Dijet Photoproduction
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Vector Mesons 1n Diffration

* vector mesons (VM=
p, w, P, J/y, ...) have
the same quantum
numbers as the photon

> photon can fluctuate
into a VM, afterwards
the VM can scatter off
the proton

> . hadron-hadron‘
scattering

| =

VM

Katja Kriiger
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Vector Mesons 1n Diffration

e light VMs (p, w, @)

3 0.16
> o I
show the same .
= we
dependence on the B 1o e
P § 1 5yp —> op)
yp center-of-mass 7 o(rp = wp) Wz
b : W0.22
energy W 48 G —> ¢p)
» ':E!! WGB
* heavier VMs (J/y, Y) ° o(yp —> 4 /wﬂﬁm-" o
show increasing W N - "
. " : ZEHg (prel.) P
dependence with mass T oo S Y2
10° o fixed target W™
> simple ,,Pomeron‘ o(rp = T(19)) i
. , '
picture doesn't work! 0! - L WGaY)
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Deeply Virtual Compton Scattering

production of a real
photon by scattering
of a virtual photon
on a proton

needs PDFs depending on X
and ,,skewedness® &
- Generalized PDFs,

extending standard PDFs to

elastic form factors
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Deeply Virtual Compton Scattering

ZEUS

-1
e ZEUS 61 pb 5 o 2.5
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111
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similar W dependence as

heavy vector mesons

ween —> 2-gluon-exchange dominates
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DVCS: Beam Charge Asymmetry

) Bethe-Heitler By e same final state for DVCS
and Bethe Heitler

> Interference

> azimuthal asymmetry

e
o

—
Z e H1HERAI
~0 o4 b H1 — D0.16cos ¢
< %ty e GPDs model
DVCS e =
e of
* b B
0.2
¥ B
3 0.4
o= B
E a -DB-III ||III||I|||I||III||||||I|III|||
S = ®p- 20 40 60 80 100 120 14D 160 18D
q

p% p 0| [degrees]
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DVCS: HERMES

e HERMES kinematic
domain dominated
by quark contribution

e Bethe-Heitler

amplitude much
larger than DVCS

e measure DVCS via
interference with

4 PRD75, 011103

® [ this work

' —I¢—«|—]3;D:|Fa;:,ﬁ I .

------------ DD:Facno D
I DD:Reg.D ]
T —— DD:Reg.no D

e |
v 1Y

02 04 006 0 0.1 0.2

Bethe—Heitler overall -t [GEVE) Xg Q2 [GeVE}
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Summary

e HERA offered unique possibilities to study the
structure of the proton

e perturbative QCD i1s a big success to desribe
HERA data

* no significant deviation from the Standard Model
found

* always prepare for the unexpected!
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