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The strong coupling constant: O

O

For precise determination:
- many measurements
- diverse phenomena
- internal structure of jets
- structure functions
- event shapes

IS fundamental parameter of QCD

th. uncert.

b p—t—|
exp. uncert.

0 (M,) measurements compatible:
- amongst themselves

- with world average: 0.1182 * 0.0027
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NLO QCD fit
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Subjet multiplicity in NC DIS
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Jet shapes in NC DIS
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Inclusive jet cross sections in yp
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H1 (Eur Phys J C 19 (2001) 289)

Inclusive jet cross sections in NC DIS
ZEUS (Phys Lett B 547 (2002) 164)

Dijet cross sections in NC DIS
ZEUS (Phys Lett B 507 (2001) 70)

HERA average
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HERA: H1 and ZEUS experiments
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Deep Inelastic Scattering at HERA

Charged current: exchange of W#

Neutral current: exchange of y or Z°

o Q?is the probing power
e xisthe Bjorken scaling variable
e Yy istheinelasticity
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Jets iIn NCDIS at HERA

Jet production in NC DIS (Q* >> A%qcp)
- at O(a.), three diagrams contribute to jet production cross section

Jet Jet

E ll?gl(:ltl(l)illlnt P ]I?gr(;ltl(;gnt Jet p  proton )
remnan Tet
QPM O(a) QCD Compton O(ao) BGF O(ao)

ETA PHI UCAL transverse ener ay
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Jets cross sections in NC DIS

Cross section for ep -> e + jet +jet + X at high Q*:

P 4
////
v 4
< do, l \

do,, = Y [dx d6,(x.o(up).te.tty) f,(x.00,)

a=q.9.8
do, is the subprocess cross section, calculable in pQCD
-> hard process (short-distance structure of interaction)
f, are the experimentally determined Parton Distributions Functions
-> proton structure (long-distance structure of interaction)
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NLO Calculations of jet cross sections

- assume value of a,(M,): 0.1175 (0.118) (0. is calculated at 2 loops)

- assume parametrizations for proton PDFs:
MRST99 set (CTEQ5M1)
- choose hard scale:

Renormalization scale wp = Eg g of jet
Factorization scale ug = Q

- correct calculations for hadronization effects (calculations are for
jets of partons and measurements are done at hadron level)

- on value of a.(M,) : 0.1182 £ 0.0027

- on parametrizations of proton PDFs: w/40 sets of CTEQ6

- terms beyond NLO: variation of wp by factors of 2 &1/2 (Wg by 4 &1/4)
- from hadronization corrections: use different LO QCD MCs
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Jet search: The Breit Frame

Breit frame -> natural frame to measure NCDIS jet xs:
- suppression of QPM contribution (final state quark: negligible E1)
- suppression of beam remnant jet (negligible E)
- lowest order non-trivial contributions: y*qg -> ggq and y*g -> qg

Lab frame Breit frame
Jet

Jet

Jets are reconstructed in Breit frame _ _
using a K-cluster algorithm: dii = min CETI/ E1J>2
- invariant under longitudinal boosts ) X (dn:i2 + dgi)
- xs predicted are infrared and ij Pij

collinear safe
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Measurements of do/dEy g(jet): ZEUS

do/dE; g(jet) measurement vs. NLO prediction

Data:
98-00 £ =817pb
QZ > 125 GeV?
ET BJet > 8 GeV

2 < njetB < 1.5

Experimental uncertainties on xs:

- jet energy scale ( ~5 %)

Theoretical uncertainties on xs:
- terms beyond NLO (~5%)

- assumed value of a¢ (4%)

- uncertainties on PDFs (3%)
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Measurements of d*o/dE+dQ?: H1

d*0/dE;dQ* measurement vs. NLO prediction

Data:
2
99-00 L = 61.25 Pb_1 g 10 ;ﬁ'— H1 preliminary 99-00
) | ® 150 <Q’< 200 GeV?
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Measurements of do/dQ?

do/dQ* measurement vs. NLO prediction
o ZEUS H1

9
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Data are well described by NLO predictions.
The theoretical uncertainties are higher at low Q2.
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Extraction of a,(M,)

o, determination: L
A do/dA parametrization
1. perform NLO calculations for

different values of a,(M.)
measured

(values of 0., used correspond + ------------------------------- z
to those used in the different | [ '
PDF sets available)

>. parametrize o, dependence of I

observable (do/dQ? or
do/dE; z(jet) ) according to:

o

extracted a,(M,)
value

[do/dA(a (M ,))]=Ala (M,)+ Ala’(M,)
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Measurement of a . (M,)

Values of Ol have been determined from the measured
do/dET g(jet) and do/dQ? cross sections:

H1

o, from inclusive jet cross section

7EUS g 022
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e— “ﬁa.....é.-;_ 0.14F e as(Mz) = 0.1187+0.0020
or | 0.1 2—+ — T =a
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a.(M,) and energy scale dependence

The measured do/dE+ g(jet) and do/dQ? have been
used to test the energy-scale dependence of a.
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o, from inclusive jet cross section
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Multijet production in NC DIS at HERA

one- and two-jet events

Jet Jet

P proton

remnant Tet p proton
remnant Jet

three-jet events

Jet

P proton
remnant Jet

p roton
remnant Tet

Three jet events are processes in which:
- gluon is radiated in final state
- splitting of a gluon in to a 99 pair
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Dijet and trijet cross sections in NC DIS
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a.(M,) from multijet cross sections

Ratio: experimental and theoretical uncertainties cancel out in the ratio
more accurate test of color dynamics
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Summary

Precise measurements of OLe have

been made. The measurements
- with one another
- with the
0.1182 * 0.0027
- with the ;
0.1186 * 0.0011(exp) * o0.0050(th)

However, limited by theoretical
uncertainties at lower Q2

The energy-scale dependence of O.¢ has
been tested -> in agreement with the
running of 0. as predicted by QCD
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Inclusive jet cross sections in NC DIS

ZEUS prel. (contributed paper to EPS05)

Inclusive jet cross sections in NC DIS

H1 prel. (contributed paper to EPS05)

Multi-jets in NC DIS

H1 prel (contributed paper to EPS05)

Multi-jets in NC DIS

ZEUS (Eur Phys Jour C 44 (2005) 183)

HERA average

(hep-ex/0506035)

World average

(S. Bethke, hep-ex/0407021)
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Outlook

os HERA Luminosity 2002 - 2006

Analyses presented here N 04/05 e
; ; ~ 200
use HERA | luminosity 2 '
g 175 |
L= -
g 150 |
- C
® 125 |
® B
. . D 100 |
- higher statistics allow (even) = :
more precise measurements B
especially at higher Q*/E 50 |
where the theoretical o5 :

uncertainties are smaller.

D 50 100 150 200 250 300 350
Days of running
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Bkp: Measurements of a.(M,)

ag(Mz) values:
- determined from do/dE+ g(jet) and do/dQ? cross sections
- combined fits to single ag(M7) value

- for all Et g (jet) regions:
a.(M,)=0.1201+ 0.0006(stat.)f8.'88§§ (exp )fgggig (th.)

- for all Q2 regions:
& (M,))=0.1198  0.0006(stat) "™ (exp.) "2 (th.)

- for Q2 > 500 GeV? (smallest uncertainties):

a (M,)=0.1196 = 0.0006(stat.)* 1»s (€XP.) 0007 (th.)
- for all E regions:

a.(M,)=0.1197 = 0.0016(exp.) "% (th.)
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