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Jet physics at HERA 'E @ 1
Jet physics at HERA

e ep collider HERA: very suitable environment to do precision studies of QCD
—> tests of QCD in hadronic-induced reactions (  as opposed to ete™ at LEP)
— but cleaner than pp at TeVatron or pp at LHC

e Jet physics at HERA
— tests of pQCD and precision measurements of QCD parameters ( o)

— constraints on PDFs ( especially, gluon density in the proton at medium to high x)
—— Input to understand QCD background and make cross-section p redictions
at LHC
e Jet production at HéERA in different kinematic regimes:
e e
> >
Jet
Q%> Adcp Q2 = 0 GeV?2
P
Jet Jet
NC deep inelastic scattering (DIS) Photoproduction (PHP)
ep — e + Jet (+Jets) + X ep — e+ Jet (+Jets) + X
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Jets in NC DIS at HERA

e Jet production in neutral current deep inelastic
Breit frame:
e Jet

ep scattering at O(ay) in the

roton P proton
P femnant Jet remnant Jet
Boson-gluon fusion QCD Compton

Breit frame

e Jet production cross section in NC DIS is given in pQCD by:

. Kinematics:
dojet = Y /dflﬁ fa(z, pF) doa(T, as(UR)s LRy LF)

2 — momentum transfer:
a=q,q,.9 Q2 — _q2 — —(k - kl)2
— fa: parton a density, determined from experiment — Bjorken x: x = 2?3—.(1
- — inelasticity:
— long-distance structure of the target y— Pg v | _ Ei(1—cos6)
— &, subprocess cross section, calculable in pQCD Pk 25

— short-distance structure of the interaction
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Jet cross sections in NC DIS ()
ep — e + jet + X: normalised inclusive-jet cross sections L =0.36f"1
e Kinematic region: 150 < Q? < 15000 GeV? and 0.2 <y <0.7 Normalised Inclusive Jet Cross Section
e Jet search: kg cluster algorithm in Breit frame ¢ [ so<o<amoer| & f 200< 0 <270 5oV
o Jets with 7< Pi** <50 GeV and —1 <nitp < 2.5 selected # fo  IWT.| Sobe
e Jet cross sections normalised to inclusive NC DIS cross 10 ’ 10 ’

section in each Q? region 10 1 preiminary__ - | _
go.sl:;.—.—\—"—{i 50.81:4.’—.—\—!—47
e Comparison to NLO predictions: Bow R Ber M
— calculations using NLOJET++ and QCDNUM E g mesr] & 0<0 <100 6oV
— good description of data by NLO prediction I S I S
— validity of the description of the  dynamics «% . i
. . . 2 _ . 125 )
of jet production in NC DIS  at O (%) o §—
e Theoretical uncertainties: e -2 I
N hlghel’ orders E%J 83 700 < Q2 < 5000 GeV? \b% 1 5000 < Q7 < 15000 GeV?
10‘1;— . 10_1;_ ) .
— Measurements provide direct sensitivity to o : = f
% 121:_./—.—'—‘ %1.21: :
aS(MZ) D:OIS_B 91I0 20 : 30 4{0 mo.aﬂo 40
P, [GeV] P, [GeV]
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Jet physics at HERA
Jet cross sections in NC DIS

e Correction for detector effects was performed using the multidimensional

regularised unfolding (MRU) method: mi = A - &
m: measured distribution (detector level),  A: migration matrix describing detector response,
& true distribution (particle level)

e Find particle level « by analytic minimisation of 2 as function of «
X2(%) = (M — AZ)TV—1(m — AZ) + 12 L
T regularisation parameter, L: regularisation condition,

) ) Correlation Matrix
V': covariance matrix

c 13

e The MRU method takes into account
correlations and migrations when unfolding
— different bins within a given distribution
— simultaneously different measurements

Trijet Bi

Dijet Bin

e The MRU method especially suited when
— measuring normalised cross sections
— performing combined fits to all jet data

Inclusive Jet

NC Bin

H1 Collab, H1lprelim-12-031
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NC Bin '”C'“gg‘rge Jet Dijet Bin Trijet Bin
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Jet cross sections in NC DIS ()
ep — e + jet + X: normalised inclusive-jet cross sections L =0.36f"1
e Kinematic region: 150 < Q? < 15000 GeV? and 0.2 <y <0.7 Normalised Inclusive Jet Cross Section
e Jet search: kr cluster algorithm in Breit frame 16y e 16y —
e Jets with 7 < PF*<50 GeV and —1<1iap < 2.5 selected , 4 e gt
e Jet cross sections normalised to inclusive NC DIS cross : 1% : 1 ol 1%

section in each Q? region ; oof ; osf
0.65— H1 IIDreIiminary 0.65— .
e Comparison of bin-by-bin and MRU results: e e
. . . 16: 270 < Q% < 400 GeV’ 1'6: 400 < Q” < 700.GeV’
— bin-by-bin results tend to be higher than those 4 v
from MRU method, but within uncertainties L I M
. : e e §of
— full knowledge of correlations in MRU results
— possibility to apply error propagation coupled R R
with correlations in MRU ( not possible to do T B ey
correlation of errors in bin-by-bin method ) g™} %
— smaller model bias in MRU results g ORI }é W—Fu
= MRU method provides more reliable and less | |
model-dependent results T New T T

H1 Collab, Hlprelim-12-031
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Jet cross sections in NC DIS «

ep — e + 2jets + X: normalised dijet cross sections L =0.36f"1
e Kinematic region: 150 < Q? < 15000 GeV? and 0.2<y < 0.7

Normalised Dijet Cross Section

e Jet search: kg cluster algorithm in Breit frame N so<gemcer| & | 200< Q" <270V
e Two jets with 5 < PI* <50 GeV and —1 <1l 5 < 2.5 aof AT FTEe
o Mii>16 GeV . .
10°E H1 Preliminary . 10°F ’
e Comparison to NLO predictions: N I B L ==——
— calculations using NLOJET++ and QCDNUM I R U
— the measured dijet cross sections are well N so-gmeer|  § F 00 <q <m0
described by the NLO predictions e T
e Processes initiated by gluons expected to have W : 11023%- . )
a large contribution in this kinematic range N et 2l N I S
— measurements can provide further S 7 B TR 7 Bak
constraints to gluon density in proton ST SR A T
— theoretical uncertainty dominated by terms B I
beyond NLO T oWl }
— NNLO predictions needed to take full I O o S
advantage of high-precision data BT Bten P g

H1 Collab, Hlprelim-12-031
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Jet physics at HERA

Jet cross sections in NC DIS

ep — e + 3jets 4+ X: normalised trijet cross sections

e Kinematic region:

e Jet search: kr cluster algorithm in Breit frame ¢ 101[ 150 < Q" < 200 GoV?
° Thr.(.ee jetswith 5 < P%et <50 GeV and —1< nﬁB <2.5 ;;—10_2_ . ol .
o M >16 GeV .

10 ®

e Three-jet events provide tests of QCD directly
beyond LO: o3jet o a2 at lowest order

e Three-jet production at  O(a?2):

Jet

p  proton

p  proton remnant

remnant Jet Jet

e Comparison to NLO predictions ( O(a3)):
— the measured trijet cross sections are well
described by the NLO predictions

150 < Q% < 15000 GeV? and 0.2 <y < 0.7

3L
E H1 Preliminary
I n n 1

2F '
PR
08f

1
8 910 20

®,0GeV]
Qg o 2 2
¢ F 270 < Q” < 400 GeV
o 107 E . °
I L ]
10°F
F 1
o 1.2F
| S T R S
T o8k .
8 910 20
P OGeV]
9 2 2
IS 700 < Q° <5000 GeV
st
o L
L] .
10%F
i ¢
L 1
o 1.2F
< 1F
® o8k )
8 910 20
®,GeV]

L

Normalised Trijet Cross Section

Q 2 2
& 200 < Q2 < 270 GeV/
o 10°F #

.
10°F *
E . ,
1.2F
o

R e
® o8k .

8 910 20
P,0GeV]

9 2 2
& 400 < Q% < 700 GeV/
&

‘ *
10°F
I )
I 1

o l2f
s af $
24 sk

t IONC

Ratio
o

o

=

— 0.36 fb 1

|77

o - o
T T T[T T 7T
Py

20
P [OGeV]

5000 < Q° < 15000 GeV?

1
8 910 20

P GeV]
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Tests of pQCD: determination of

(8 ¥}

e Values of as(M z) were extracted from the measured normalised cross sections

using the Hessian method

o

10"

e Normalised inclusive-jet cross sections:
as(Mz)=0.1197+0.0008 (exp)=+0.0056 (th)

uncert: +0.7% (exp), £1.2% (PDFs), £0.9% (hadr), +4.4% (H®) 10 .

e Normalised dijet cross sections:

et 0-NC

~

0ts(Mz) =0.1142+0.0010 (exp)£0.0051 (th) & o
uncert: £+0.9% (exp), +1.4% (PDFs), +0.8% (hadr), +4.2% (HO) 1

e Normalised trijet cross sections:

aS(MZ) —0.1185+0.0018 (eXp) +0.0047 (th)
uncert: +1.5% (exp), £1.1% (PDFs), +1.4% (hadr), +3.5% (HO)

8L

10°F

102k

E Normalised

* Simultaneous fit to cross-section measurements in region of
NLO corrections below 430% to avoid tension between inclusive-jet and dijet

data: 42 points out of 65 kept

1 Norm_alised Norn_l_alised H 1
e Inclusive Jet Dijet Trijet
F Preliminary
NLO O ¢4
NLOJet++ and fastNLO
QCDNUM
. CT10,0, = 0.118
® 150<Q?< 200 GeV?
(i=10)
0 200< Q%< 270 GeV?
(i=8)
B 270<Q?< 400 GeV?
(i=6)
O 400 < Q%< 700 GeV?
(i=4)
A 700 < Q? < 5000 GeV?
(i=2)
s 4+ A 5000 < Q%< 15000 GeV?
. R (i=0)
: : ! i
i IIII 1 111 IIII 1 111 IIII 1 111
710 20 50 710 20 50 710 20 50
I:)T,Jet D;PT [%ijet |:IEPT Qrijet [G EV]

phase space with

as(Mz)=0.1163+0.0011 (exp)+0.0042 (th)

uncertainties: +0.9% (exp), £1.2% (PDFs), £0.7% (hadr), +3.4% (HO), +3.8% (total)
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|solated-photon plus jet in NC DIS at HERA

e Isolated-photon production in NC DIS at O (a?):

photon radiated from quark line (QQ) photon radiated from le pton line (LL)

e Isolated-photon plus jet production

— direct probe of underlying partonic process less affected by hadronisation
than pure jet production

— QQ contribution provides stringent test of pQCD in a kinemat IC region with
two hard scales: Q and E%‘ft

— measurements sensitive to underlying dynamics mediated by guark exchange

— more detailed test of pQCD compared to inclusive-photon measurements
— smaller background than in inclusive-photon measurements

ICHEP 2012, July 4-11 (2012), Melbourne (Australia) Claudia Glasman (Universidad Aut 6noma de Madrid)
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Isolated-photon plus jet in NC DIS at HERA liié_

ep — e + v + jet + X: isolated-photon plus jet cross sections £ =0.33f"1
e Jet search: kr cluster algorithm in Laboratory frame

e At least one jet with Ecj{?t > 2.5 GeV and —1.5 <t < 1.8 ZEUS

e Kinematic region: 10< Q? <350 GeV?, E,>10 GeV ‘ém T T s s

and 96 > 140° 1000 [ JLLme —f
B LL+QQ MC ]

e Photon identification:  shower shapes ( (§Z) <0.8) [ LrQ@stHadoric e

lateral width of EM energy-cluster associated to ~ candidate —

e Photon isolation: — no track within AR —=0.2 of ~

N E7
" Ejet containing ~ > 0.9

=

© “j
R

e Photon selection: 4 < EJ, <15 GeV and —0.7<n7 <0.
: 1 1 - 1— T T ZIE¥JISI T U= [~ ZEILJSI

e Experimental uncertainties: < E ' 3 Zwf -
. Q C 3 5 E =
— E, scale uncertainty ( +2%): < 5% 3 1 3 F ]
. ~, 10t —= L |
— E7 scale uncertainty ( +2%): < £5% £ E OE E
— jet energy scale uncertainty i 107 e 102: S
E. o : E E- . ZEUS326pbt =
(+4,2.5,1.5%): £2 — 10% STy o _— E Toomame =
I ifi I : I 3_ lllll - 1 1 I N I | :::-l-:::-lu—- B 1 ""ILLIMICI 11 1 [ |}"'l"_'

— photon identification:  typically +5% 1 T L e

Q* (GeV?)

— Good description of data by LL+QQ(x1.6) Monte Carlo predict lons
ZEUS Collab, DESY-12-089
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Tests of pQCD: comparison to theoretical calculations

ep — e + v + jet + X: isolated-photon plus jet cross sections L =0.331b
e Theoretical predictions:

— A Gehrmann-De Ridder, G Kramer and H Spiesberger ( GKS)
— LO(a?) and NLO( a® ) calculations with QQ (including photon from jet fragmenta tion), LL
and interference (LQ, very small for isolated photons) term S

— uncertainties of NLO calculations: 5% (integrated cross section) rising to  +10% for
n'°t < 0 from higher orders; < 45% from pPDFs

— SP Baranov, AV Lipatov and NP Zotov ( BLZ)

— k7 factorisation method with LL and QQ terms and using unintegr ated PDFs
— quark-radiated contribution enhanced wrt LO collinear app roximation

— uncertainties: 20%, due to procedure of selecting jets in the evolution cascade

ZEUS ZEUS

— GKS calculations describe

shape of measurements but - ) S
. . 3101? ! E © I:'I
underestimate rise atlow Q2 % ¢ —_— 10 - -
and IQW . 5 . ZEUs36pH ES ] : .ZEUS 326 pbt —
107 £\ GKS NLO : . ; GKS NLO i
— BLZ calculations describe 8L = e —
shape of measurements but the — ©°—— "5 20 T E—
. . . e X
predicted overall rate is too high <

ZEUS Collab, DESY-12-089
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Tests of pQCD: comparison to theoretical calculations }E

ep — e + v + jet + X: isolated-photon plus jet cross sections £ =0.33f"1
e Photon and jet differential cross sections:
ZEUS ZEUS
3 T - ZEUS 326 pb’ | g | . ZEUS 326 pt |
s , Y Gks NLO Sy NN GKSNLO ]
r } I:]BLZ 3 - I:]BLZ ]
g 2k B 10j —
1:_ M _: 5,_ SN\ 5 [} —
i i f r ]
R R (O B
ZEUS Er (GeV) ZEUS "
3 L. - zEUsamp | 810 . zEUsaepy -
g 1 N GKSNLO - = ol A\ GKS NLO
:a_%k - T [z ] IS 67 [ ]BLZ -
5 : :
g E al —— T |
} i 2r ‘ 7
Y50 18 20 25 30 35 15105 0 o5 1 18
EFX (Gev) et

— Both calculations describe the shape of the measurements, b ut GKS (BLZ)
calculations underestimate (overestimate) the normalisa tion

— an improved theoretical description of  ~ -+ jet production is needed
ZEUS Collab, DESY-12-089
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Jets in PHP at HERA

e Jet production in photoproduction at O(as):
e Q? ~ 0: ~ virtuality
W' ~p cms energy
y: inelasticity
T~ (p): Parton momentum
fraction from ~(p)

Jet
photon

remnant

Jet

p proton proton
remnant Jet remnant Jet
direct photoproduction resolved photoproduction
e Jet production cross section in photoproduction is given in pPQCD by:

dojes =Y [ Ay £1e(w) [ dep Fipp(@pmn,) [ doy Fiy (o, nm) do);
1,]

— Measurements of jet cross sectionsin  photoproduction allow tests of:
structure of the photon pPQCD structure of the proton
and determination of o

ICHEP 2012, July 4-11 (2012), Melbourne (Australia) Claudia Glasman (Universidad Aut 6noma de Madrid)
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Jet algorithms iﬂ

e Tests of pQCD with jets require infrared- and collinear-saf e jet algorithms:
— performance of k7 cluster algorithm in longitudinally invariant inclusive m ode

(S Catani, S Ellis & D Soper ) tested extensively at HERA:
— stringent tests of pQCD: good description of data for different jet radii
— good performance of algorithm:  small theoretical uncertainties / hadronisation correcti ons
— new measurements in photoproduction presented here

e New infrared- and collinear-safe jet algorithms:
— anti- ko (M Cacciari, G Salam & G Soyez ) provides = circular jets
* experimentally desirable
— SlScone (G Salam & G Soyez ) seedless cone algorithm provides infrared- and
collinear-safe calculations
* theoretically necessary

e New studies at HERA:
— test performance of anti- k7 and SIScone in well-understood hadron-induced
reaction:
* comparison to measurements based on kr
* comparison of measurements and NLO QCD calculations
* study of theoretical uncertainties and hadronisation corr ections

ICHEP 2012, July 4-11 (2012), Melbourne (Australia) Claudia Glasman (Universidad Aut 6noma de Madrid)
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Jet cross sections in PHP =~

ep — e + jet 4+ X.: inclusive-jet cross sections ;L =0.3f1

e Kinematic region: Q?<1 GeV? and 0.2<y <0.85 o

-1 _
e Jet search: krp, anti- kz and SIScone in laboratory frame * ZEUS 300 pb
e Atleast one jet with EX'>17 GeV and —1 <ni** < 2.5

(pb/GeV)
H
Q.

— NLO (ZEUS-S/GRV-HO) |

jet
T

e Experimental uncertainties: W g | ]
— systematic: typically below +5% 5 . 5 ]
— energy scale +1% (1): ~ £5 (10)% at low (high) EX"* K (x100)

e Comparison to NLO predictions (  Klasen etal ): L s i 1o
— good description of data by NLO prediction 107 QP<16GeV E

- 142< W, < 203 GeV SIScone

— validity of the description of the  dynamics 102E o o eneray-scale uncertainty
of jet photoproduction  at O (a?) ’

e Theoretical uncertainties:
— higher orders: 410 (4)% at low (high) E%?t (kr/anti- kT)
+14 (7)% at low (high) EX' (SIScone)
— proton PDFs: 41 (5)% at low (high) E%*
— hadronisation: < £3%; a.(Myz): < £2% "
— photon PDFs: 49 — 10 (1 — 3)% at low (high) E E, (GeV)

— Measurements provide direct sensitivity to «gs and gluon density with small
experimental and theoretical uncertainties

| e
- i Ky (+0.05)

0 7f [0 hadronisation uncertainty -

0'6:\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\:
20 30 40 50 60 70 80 90

hadronisation correction

ZEUS Collab, DESY-12-045
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Jet cross sections in PHP 1{2

ep — e + jet 4+ X.: inclusive-jet cross sections L =0.3f"1
e Kinematic region: Q%<1 GeV2and 0.2<y<0.85 o ZBUSs
e Jet search: kp, anti- k7 and SIScone in laboratory frame 2 ) g gt ’ZEUS”"F’%E O
e At least one jet with EjTet >17 GeV and —1 < < 2.5 2 . S A<nf<2s  Q<1GeV  142<w, <203Gev
e Experimental uncertainties: e ; _aniagoitn  — NLO GEUSSIGRVHO)
—>SyStematiC: typicallybelow +5% . -lEi‘H11‘1111‘1111‘1111‘1111‘1111‘HH‘HE
— energy scale +1% (1): ~ £5 (10)% at low (high) EX"* . - siscone algorthm jtenergyscale unceriay.
e Comparison to NLO predictions (  Klasen et al ): . . [T theoetalunceraimy
.. . s 20 30 40 50 60 70 80 90
— good description of data by NLO prediction ZEUS  E° (Gev)
— validity of the description of the  dynamics <, "awi]agorim " zevs soops S
of jet photoproduction  at O (a?) 20 WJ% i
e Theoretical uncertainties: 12 Sisconealgortm — O@) - OO NP

— higher orders: 410 (4)% at low (high) E%?t (kr/anti- k1) 08 - ﬁ-;,;;;,;-e;gj,;gimy

+14 (7)% at low (high) EX* (SIScone) 2 o ik e amanskionany 1]
— proton PDFs: %1 (5)% at low (high) E3" I i SR
— hadronisation: < £3%; a,(Mz): < 2% 2 20730 40 50 60 70 80 90
— photon PDFs: £9 — 10 (1 — 3)% at low (high) E* g ET (GeV)

— Measurements provide direct sensitivity to «gs and gluon density with small

experimental and theoretical uncertainties ZEUS Collab, DESY-12-045

ICHEP 2012, July 4-11 (2012), Melbourne (Australia) Claudia Glasman (Universidad Aut 6noma de Madrid)
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Jet cross sections in PHP =

o .- - - - _ 1
ep — e + jet 4+ X.: inclusive-jet cross sections L =0.3f1b
ZEUS ZEUS ZEUS
Alooo T ‘ T T T ‘ T T T ‘ T T ‘ T T T T ‘ T T T ‘ T Alooo T ‘ T T T ‘ T T T ‘ T T ‘ T T T T ‘ T T T ‘ T T T ~ 400 T ‘ T T T ‘ T T T ‘ T T ‘ T T T T T T T T T T
g 1 2% g |
S | l42<W<293GeV ¢ ZEUS3MN nKt T A 142<W,, <293 GeV * ZEUS300ph'| & * ZEUS 300 pb*
» | QP<1GeV jet <1GeV 1 5 NLO (ZEUS-S/GRV-HO) jet
2 r i 1 9
a0 £ 17 Gev By > 17GeV.o 770 1% 1 EY" > 21 GeV
B " kq algorithm 1 B " kq algorithm B 300 7
S i S i S i
600 — - 600 — -
i 2 i NG 200 - 1
: g , I , ’
400 - N 400 - : 1
Q i {
- NOE i ET >21Gev "I[
L NLO: proton/photon PDFs L Nslé(c) ONP: i 100 - Q%<1 GeV -
200 |- — ZEUS-S/GRV-HO - 200 — Prmn=16eV . 142< W, < 293 GeV
I — ZEUS-SIAFGO4 ] )/ —— Prmn=15GeV ] k; algorithm
- ‘ I T \Z\E‘LJ\S\-S\/\C“]If - ‘ I —— ‘ I i 7\ | ‘ I T | p“sI—Yef:“‘n \:\2\ G‘e\ - ‘ I — ‘ I ! I I —— ‘ I ‘ I I ‘ I —— ‘ I
O 0.5 :7\ T ‘ T .\ T ‘ T ‘ T ‘ T \. L ‘ T ‘ T +\{ O 0.5 :\ T T T ‘ T ‘ T T T +\7 O 0.5 } T ‘ T ‘ T .\ T ‘ T ‘ T ‘ T .\ T ‘ T \{
zl 0 25; jet energy-scale uncertainty 7 zl 0 25; zl 0.5k jet energy-scale uncertainty .
49 ' 0 ; ' 8 ' 0 ; ' D s ma SRR caszadih 8 ' 0 ; ;
o O £ i LT ;. g T
© '0'25; [777]] theoretical uncertainty ER '0'25; Jet eneljgy-scale un-certalnty ER '0'25; [I7]] theoretical uncertainty E
@ -0.5 :T Il ‘ I ‘ I ‘ N ‘ I I - ‘ I ‘ I - \7 @ -0.5 :T @ Il t\r]?o‘r?tl\c\al\u‘n\ce\rt\a\ln‘ty\ L1 ‘ I ‘ I - \{ @ -0.5 :T Il ‘ I ‘ I ‘ N ‘ I I - ‘ I ‘ I - \{
-0.5 0 0.5 1 15 2 2.5 -0.5 0 0.5 1 15 2 2.5 -0.5 0 0.5 1 15 2 2.5

jet jet jet

Discrepancies at high nnjet might be due to 'yPDFg or non-perturbative effects ! .
— yPDFs: AFG04 (CJK) gives lower (higher ) prediction than GRV-HO at high mpet
— non-perturbative effects: jetrate  increases at high 7€t

: ) ) . et
— disagreement between data and NLO disappears when increasing E¥
ZEUS Collab, DESY-12-045
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Jet cross sections in PHP }E

—1
ep — e + jet 4+ X.: inclusive-jet cross sections = 0.3fb™
ZEUS ZEUS ZEUS
’>-\ 6 7\ ‘ L T T 17T L ‘ T T 1T ‘ L ‘ L ‘ L T L O [ ‘ T T T ‘ T T T ‘ T T T ‘ T T 1 ‘ T T 7 ‘ T T T T T T T T HD ‘ T T T ‘ T T T ‘ T T T ‘ T T 1 ‘ T T T ‘ T T T ]
© 107 N E = - NLO: proton/photon PDFs | 1 NLO: proton/photon PDFs | b
% * ZEUS 300 pbl ] % | —— ZEUS-SIGRV-HO I ]} — zEus-siGRv-HO I ]
= 5 —— NLO (ZEUS-S/GRV-HO) - = 0.5 "—— HERAPDF15/GRV-HO |~ ———— ZEUS-SIAFGO04 - -
o 107 = = = [ ——  MSTWOS/GRV-HO 1 L —— zeus-sicik T ]
k3 E © L + 4 L R
-ch Q2 <1GeV 1 D ;,,gi 1 T ]
g 10 4 142< Wyp <203GeV  ~ = T t AT IR ]]] ] ]
kT algorithm ; o<n®<1 T 1<n®<0 T o<n®<1 .
103 - | | | R R o B e e e S R } -
102 o o T T ]
2<n®<25 7 € 4 J
(x20000) 1 Ta 1, ]
10 = ”WW#LT - TS ]
15<n® <2 7 T i ,,,.n"'"""iiu'nun‘ T Vll' T g ]
1 L (c000) i 1.5<n®<2 ¥+ 1<n® <15 i 1.5<n® <2 1
% l<nie‘<1.5§ i i i i } }77‘ L e by 1 \77} 1 } — } TR } } }77‘ RN RN BN B
ar (x100) 7 120 40 6(_)t 80 [ 120 40 6.0t 80
10 ¢ E i 1 ES (Gev)y 1 ES (GeV)
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Tests of pQCD: determination of g

e The energy-scale dependence of the coupling was determined from the data -
— results in good agreement with predicted running of ag over a wide range in E‘C]Zf’

e Values of as(Mz) were extracted from ZEUS
the mea}stured cross sections for SO + 2EUS 300 pt}
21 < E.f]l? <71 GeV: 0.16} / W corr. exp. ]

anti- kT: 177771 corr. exp.O th.

0.0023 0.0041 5
as(Mz)=0.11987 10055 (exp) "0 00s4 (th)
uncert: t1-99% (exp), £1.0% (pPDFs), +0.4% (hadr), 0.14

T2:39% (HO), +2:2% (vPDFs), +3:9% (total)

0.13
SlIScone: i -
0.0022 0.0046 P R SR BRI SRR
ous(Mz) =0.1196 (' 0057 (exp) T 0043 (th) 2 30 40 50 60 70
uncert: +1.8% (exp), £1.0% (pPDFs), £0.2% (hadr), EJeTt (GeV)
+3-29% (HO), T5:9% (YPDFs), T93% (total) — ag(M z) from inclusive-jet
kr: cross sections in PHP with

as(Mz)=0.1206T0-0023 (oxp)T0-0022 (1)) different jet algorithms are

—0.0022 —0.0035 istent ith h oth
uncert: i}:g% (exp), £1.0% (pPDFs), +0.4% (hadr), consisten _Wl_ eac O er
and have similar precision

+2.4 +2.3 +4.0
—2.5% (HO), —0.9% (vPDFs), —3-4% (total) ZEUS Collab, DESY-12-045
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Conclusions
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£

e Jet physics at HERA continues providing precision measurem ents towards
understanding QCD and improving the determination of the p/~vPDFs
— precise new jet measurements will help to constrain further the p/~PDFs

— precise tests of the performance of new jet algorithms
— precise values of ag(M z) extracted from jet production in different regimes
— precise determination of the running of a5 over a wide range of the scale

— precise measurements of isolated-photon plus jet cross sec tions will help
Uncertainties: exp. theo. ssssssusnss —e—i Inclusive-jet cross sections iyp
ZEUS (DESY-12-045)
Le . . —— Inclusive-jet cross sections in NC DIS
ZEUS m_pl:girmi multijets at high Q2 (this talk) e ZEUS (Phys Lett B 649 (2007) 12)
. . ————r—r— . . . L . 2 . —e——i Jet production at high Q2
< B ‘ ] H1 norm. inclusive jetat high @” (this talk) e ___ HL (Eur Phys J C 65 (2010) 363)
e r L 1 . ; 2 fxti Jet production at low @
H1 norm. dijet at high Q* (this talk ey p
%— . mmmd:ﬁl 1 H1-prelim-12-031 9 2( ) -2 :—IlI(Elur P-hi/sJC67 (iom)‘ 1{
e Eesssseeeeen - H1 norm. trijet at high Q° (this talk e Inclusive-jet cross sections in pp
it 10 e E H1-pre|im-12-0!¥1 g ( ) . CDF (Phys Rev Lett 88 (2002) 042001)
g sseedes ] H1 norm. multijets at high Q@? - —e— Inclusive-jet cross sections in pp
S — 1 Eur. Phys. J. C65, 363 (20100~  ==memeees DO (Phys Rev D 80 (2009) 111107)
° - ZEUS 326 pb' ] 91 n;ﬁltijftgegqc(%%z - ——i Event shapes in & at NNLO+NLLA
102 F NN . ur. Phys. d. o7, 120190 mmmmmmmmTmmTeTeees OPAL (Eur Phys J C 71 (2011) 1733)
i A\J GKS NLO e ZEUS inclusive jet at high Q° - . Event shapes in &
[ ]BLZ == ZEUS-prek10-002 =~ T L3 (Phys Lett B 536 (2002) 217)
i 1 ZEUS dijet at high Q? —ol e
i . Phys Lett B 507,70 (2001) ~  -eeeaeeee " éeé[gﬁf('guieph o ) C 38 (2005) 413)
3 ‘ e ‘ ‘ Aleph 3-jet rate, NNLO _a d
10 Phys. Rev. Lett. 104, 072002 (2010) = ] — e HERA average 2004
20 30 40 10 22><102 World average (C. Glasman, hep-ex/0506035)
Q? (GeV?) S. Bethke, Eur. Phys. J. C64, 689 (2008) [ e HERA combination 2007
| L]y | (H1prelim-07-132/ZEUS-prel-07-025)
0.11 0.12 0.13 o World average 2009
o (M ) (S. Bethke, Eur Phys J C 64 (2009) 689)
sYz ‘ ‘ ‘
0.1 0.12 0.14
a (M)
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kr vs anti- k1 vs SIScone

passive area

e New infrared- and collinear-safe jet
algorithms:
— anti- k7 (M Cacciari, G Salam & G Soyez )
and SlIScone ( G Salam & G Soyez )

e Cluster algorithms: . .
— d;; =min[(E% )?P, (E). 5)?P]-AR¥R? _—]
with p=1 (—1) for k (anti- k)
— anti- k keeps infrared and collinear
safety and provides = circular jets
(experimentally desirable )

—————————————

anti- kp :
passive area

s,

7777777777777

e Cone algorithms:
— seedless cone algorithm produces
also jets with well-defined area and
IS infrared and collinear safe
(theoretically necessary )

SIScone .
passive area

S

—————————————

-4
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e The procedure to determine «g from jet observables used by ZEUS is based on
the ag dependence of the pQCD calculations, taking into account the correlation
with the PDFs:

A parametrisation
— perform NLO calculations using different sets of

ao

proton PDFs a4 ; NLO QCD
— use as input in each calculation the value of T alue
as(M z) assumed in each PDF set + """"""""""""""""

— parametrise the «g dependence of the observable: | 7772 5
A'(os(Mz)) = A} as(Mz) + A} os(Mz)?
— determine ag(Mz) from the measured value ‘

using the NLO parametrisation —— (My)
_ _ o _ extracted as\Mz
(MINUIT is used to determine A%, j = 1, 2 and the final as(Mz) value) value

e This procedure handles correctly the complete ag-dependence of the NLO
calculations ( explicit dependence in the partonic cross section and impli cit

dependence from the PDFs ) in the fit, while preserving the correlation between
o g and the PDFs
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The method to determine a5 from jet observables

NLO calculations depend on
PDF and a,

Keep PDF fixed and determine
a, (M,)

Jet cross sections
NLOJET++, FastNLO v2.0
w2 =(Q?+E 212
n2=Q2

NC-DIS cross sections
QCDNUM
pi=pr=Q?

NLO x Had. corrections

PDF: CT10

Hessian Method
Minimise ¥>
TMinuit
Comparable to Eur. Phys. J. C65, 363

_ _. SysErr
1(a,e)=6"-V'-6+ > &
k

e SvsErr

6-:‘ = O-:‘Dam - O-:Thm (a.e ’ f(a.e,ﬁx )) ) (1 - Zk A.-‘,k (Sk ))

Usage of full covariance matrix V
from unfolding

All correlations are respected in fit

Systematic errors as penalty terms
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Extraction of isolated-photon signal

Following variables are using to describe the shower shape:

ZEUS ZEUS

gunn_ T T T T T T T T T T T T T T T T —] .f'..“li'.ﬂ[l T T T L L L L L L L
s «  ZEUS (prel.) 332 ph" ] g L e ZEUS (prel) 332 pb’’ §
“1000- [ JiLwmc ¢ F1000[- T Jmce =
- [l coMc I i Bl comc :
8007 ™ LL + QQ + Hadronic MC g B“U_I*' LL + QQ + Hadronic MC |
600 - 600 .
200 . 200 -

Y02  oa 0.6 0.8 1 ™ 02 04 06 08 1 12 14
| (dz)
f _ Energy in the most energetic BEMC cell (62) = N ze—zemssen] B
TR Total energy of the cluster leet1® B

— mixture of different type Monte Carlo events is used to fit the data distribution
— (0z) variable is used for the signal extraction, because it carries more information
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Tests of pQCD: jet algorithms jg

e Theoretical uncertainties:
— PDFs and aS(Mz)Z

— very similar for all three jet algorithms
— terms beyond NLO and QCD cascade/hadronisation modelling:
— very similar for k7 and anti- k7; somewhat larger for SIScone

kr zEUS

>‘ i‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\ :
c 0.25 F terms beyond NLO E
g of = :
@’0'2557}1111}11 RERRERREER | | | @
% 0.25 = proton PDFs E
- 0 ———— s =
@ - E
-8'0'255}1111}1111Mm}HH}HH}HH}HHME
o 0.25¢ a M) E
o — —
o - ;
5_0'25:7}HH}HH}1Hl}HH}HH}HH}HHME
q>) 0.25 ? QCD cascade and hadronisation E
s 0= .
< - :
9-0'25:]HH}HH}HH}HH}HH}HH}HHME
0.25 ? photon PDFs E

0 Hrms 7
-0'25 :T ‘ L1 ‘ L1 ‘ L1l ‘ L W \k\T\a\Ig‘o\”t\h\rn\ ‘ L1 ‘ L T:
20 30 40 50 60 70 80 90

jet
E. (GeV)

relative theoretical uncertainty

-0.25 ;} | | | | | | |

ZEUS anti- k7/SIScone
0.25 LT T T T T T T T

= terms beyond NLO E
0 —7

R B e B e e e MR
0'255 proton PDFs E
O m
835
25 pi
0- aM) :
025
0'25? QCD cascade and hadronisation E
_0'25%}1111}1HWHH}HH}HH}HH}HHM%
0'25? photon PDFs E
0 e :
-0.25 7, [ Al aleotn | 77 SiSeone dlgonthm
20 30 40 50 60 70 80 90

jet
E. (GeV)
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Tests of pQCD: jet algorithms Jﬁ"f‘;

e Theoretical uncertainties:
— PDFs and aS(Mz)Z

"o

— very similar for all three jet algorithms
— terms beyond NLO and QCD cascade/hadronisation modelling:

— very similar for

kr zEUS
-'E‘ 0.25;7\\ ‘ T T ‘ T 17T ‘ T 1T ‘ T Ee\rras\béy\o\n& l\\”_\d \7;
§'0'25;H}1H;}H;1}1111}1111}1111}1117
c 025+ proton PDFs =
@ - E
-8'0'2571}H:1}H:1}1111}1111}1111}1uf
© 0.25- oM E
o c ]
o OF ;
5'0'2571}1H:}H:1}1111‘1111}1111‘1117’
G>J 0.25- QCD cascade and hadronisatio?
8 9 E
©-0.258 1 e o
025 | | | photon PDFs =
E ~—— m777777777777777777 3
O: g
-0.25;\ ‘ I ‘ L1 m k algorlthm \\\‘\\\\é
0.5 0 05 1 15 2 2.5
jet
n

relative theoretical uncertainty

025+ ' """ terms beyond NLO

0 ]
025 e
025 ' ' T T botonpDFs

Oi :——i
025
0.25 [ o

Oi _—i
-0.255 | ‘ ‘ ‘ -
o225 ' chcascadeand hadronisatior

-0.25

k7 and anti- k; somewhat larger for SIScone

ZEUS anti- kT/SIScone

0.25 ;* | | | | photon PDFs E

m antlk algonthm F SlIScone algorithm %
O 05 1 15 2
n

2.5
jet
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