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Progress in accelerator enables us
to investigate the smaller structure.

HERA:
(27.5GeV electron(positron)
vs. 920 GeV proton)

Q2 pox=5=4E E,~100006eV?

cf. in the rest frame
s=2E.M,

In order to obtain the same CMS energy
as HERA in a fixed target experiment,
it requires 54TeV electron beam.
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| Particle Production in ep collisions
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HERA: A good test bench for QCD
under control of photon virtuality (Q?)
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| Particle Production in ep collisions |

In this talk, I will present recent results on
particle production at HERA.

» Perturbative topics at small a
« Jeft cross section at DIS (H1)
e Prompt photon at DIS (ZEUS)

« Non-perturbative topics at small a,
« Search for instanton process (H1)

« Non-perturbative topics at large a
e Pentaquark searches (ZEUS)
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Dijet update :H1

Inclusive-/di-/tri-jet production
at low Q2 (5-100 GeV?) with
HERA-II data

(high-Q?2 results (150-15000
GeV? were published as EPJ C75
(2015) 2)

Normalized cross section to the
inclusive DIS cross section. ->
less correlation with the
inclusive cross section -> suitable
for the global fit.

J e‘rs in the Breit frame.
Pt.:: 4.5-50 GeV
Pt jetz: D - 950 6eV (for di-jet)
Pt eT3 5.5-50 GeV (for tri-jet)
plab. 1 -1-25
y : 0.2-0.6
Comparison with NLO/NNLO
predictions

* Je’r

d’sla, JdP_ [1/GeV)

d’olo,, AP, [1/GeV]

Norm. inclusive jet

§ Systematic uncertainty

] NLC & hadr. corr.

New predictions

ZZ NNLO ® hadr. corr.

=== Phys. Rev. Lett. 117 (2018) 042001

— aNNLO @ hadr. corr.

Hlprelim-16-061 and

Hlprelim-16-062
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Diiet ubdate :H1 Hiprelim-16-062

3& 0'3:_—I .World averlageé{ﬁlﬁ o as ZXTr'ClCﬂOH @NLO
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0.25 T
- ZEUS inclusive jets in yp .
: ALEPH y, INNLO] (Dissertori, et al) Runnmg! at y: 5-30 GeV
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Inclusive-jet:H1 Hiprelim-16-062

« Comparison with
NLO/aNNLO/NLO

aNNLO: Biekoetter, Klasen,
Kramer, PRD92. (2015) 074037
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Prompt Photon : ZEUS

QQ - photons LL - photons

In the previous publications, inclusive distributions of photons and jets
(PLB 715 (2012) 88) and those with x, (separation at 0.8) (JHEP 1408
(2014) 023) were shown and were compared with theories of NLO and K+
factorization.

Further tests with various jet-photon variables.
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Prompt Photon : ZEUS

ZEUSprelim-16-01
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Q? : 10 - 350 GeV?
Jet: ET>25 GeV, ng,:-1.5-+18

Photon: Et: 4-15 GeV, n: -0.7 - +0.9
(with isolation cuts)

ZEUS preliminary
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Comparison with Pythia: Good agreement once LL and QQ
contribution is normalized.
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. Q2 : 10 - 350 GeV?
Pr‘omT PhOTon C ZEUS J-e.r ET>25GCV ne'r 15""18
Photon: Et: 4-15 GeV n:-07-+09

ZEUSprelim-16-01 (with isolation cuts)
ZEUS preliminary
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Comparison with Baranov-Lipatov-Zotov (BLZ) theory with KT

factorisation: (PRD 81 (2010) 09434).
A fair agreement except x, and An.
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Instanton|
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In QCD, certain processes violate the
conservation of chirality. - Instantons.

--> Non-perturbative fluctuation of the gluon
field. Tunnelling between 2 vacuum states.

Ringwald and Schrempp pointed out that
instanton-induced events can be seen in DIS.
The cross section is calculable in a certain
kinematical region (defined by q' and g
(Q'2,x')--> instanton size (r) and distance Ry) .

0=10 ~ 100 pb.

Events are simulated by the QCDINS.
Events are expected to have distinct
signature.

Many quark and gluons -->
fireball like

7 Instantgn Band ___|| Lo




Instanton HERA-1 Results : H1 | E7-¢25.495(2002)

Instanton events have different After the selection cut to enhance
particle emission patterns from the the instanton-like sample,

normal DIS. the difference in the two normal-
But the expected production rate is not DIS MC's predictions are still large
so large (IntL=21.1pb! Q?=10-1006eV?)

One example After Enrichment cuts.

60000'5 H1 100F 1CBM -+- H1

£
Instanton x500 ) \‘+_
40000} \ it 4 -1F

Events

20000
E‘// Instanton x1
G - L L L . 0. ---3 L Iﬁ
0 0204 06 08 1 0 02 04 06 08 1
Sphg Sphg

~_ Sphericity of particles nearly
I-rest frame



1/N,,, dN/dt

Instanton HERA-I Results : ZEUS

LI B B | I LN B I | I LI B I | I LI B I | I LI B | T
10 . ZEUS 96-97 (uncorrected)
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t: combination of several separation

variables
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t

EPJ C 34(2004) 255

IntL =38pb! Q2>1206eV?

Assuming all data with t>10 is the
instanton events, very conservative
limit was set as

0<26pb (95%cL),
while the prediction is 8.9pb

16



Instanton: HERA-II Results: H1 | ercrs(2016)7,1

H1 QCD Instanton Search
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200

the high statistics of HERA-IT data
(IntL = 351 pb!)
-> higher Q? (Q2> 150 GeV?)

CD Instanton Search

e H1 Data
— QCDINS
RAPGAP
— DJANGOH

0.95 1
discriminator D
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Instanton: HERA-IT Results EPJ C76 (2016) 7, 1

10"

102

H1 QCD Instanton Search Observed limit: 2pb

A HERA Il data while the prediction is

B = Observed CLs _ 1013 pb'1

i = E:zz:: o in the kinematic region of
[ ] ExpectedCls+ 20 150<Q2<15OOOG€V2 '

=5 ——— 95% CL limit 0.2<y<0.7

- Q'2min=1136eV? ,

i x 'min=0.35

é Challenge to the theory!

0 | 2 4 6 8 10 12

o [pb]

Prediction from QCDINS
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n Search

o
O, 2d at 95% CL
o 'E220 g e 4.0 pb
C 200 G, > 6-0 pb
-- region of validity
180+ perturbation theory
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AELD uncertainty
120
100
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Q2 ~ 1136eV?

x' ~0.35

Ringwald and Schrempp
PLB503 (2001) 331

L — .
0.3 035

\95% CL Cross section limit as a function of Q?min and x'min

30august2016 Q'2min=1136eV? , x 'min=0.35 -> 10pb with QCDINS 19




- New excitement from
Pentaquark in pK system LHCb A, - (p J/¥) K
PRL 115 (2015) 072001

5 800
. T
Search for a narrow baryonic state . ® b LHCb
Decaying to pKos at HERA-I: % oo ﬂ
ZEUS observed a peak consistent to 3 m:w "
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DeDx from micro vertex

detector (MVD) (Si-strip)

: Better PID
Larger L;,;
(121 -> 358 pb?)
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Pentaquark in pK system | *-°7°7(€0erade

The dashed line represents the O*
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17 18 19
M(pK) (GeV)

section upper limit (pb)

95% CL cross

signal as would be observed if it had the
same strength as reported in the ZEUS
HERA T analysis (expected 286 events).

<-> 25.8 event

(as the upper limit with 95%CL)

The structure in the HERAT data is
assumed to be a background fluctuation.
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With the recent results from H1/ZEUS, I am trying
to demonstrate that HERA covers the diverse area
of the QCD.

Jet production:
NLO->NNLO better description of data.
Extraction of a, is on-going
Prompt photon:
In progress on the comparison with the theories
Instanton:
Stringent limit: Challenge to the theory?
Strange penta-quark (pK°, pK%;) at 1.52GeV
Not confirmed with HERA-II data
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Hlprelim-16-062

»
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Instanton: HERA-ITI Results

O :
> 240 R H1 QCD Instanton Search
5] ! HERA Il data
~E 220 excluded at 90% CL
C 200 excluded at 95% CL
I excluded at 99% CL
1800 . - region of validity of
I-perturbation theory
160 X, . > 0.35, Q:inz 109.0 GeV>
Aok = (339 + 17) MeV
140
120 T
100
80 1 1 | | 1 1 1 |
0.3 0.35 0.4 0.45 , 0.5
X min
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Pentaquark in pK system:
ZEUS HERA-TT

K - mm~ selection

# of K9 0.31M events
< S A I - R B
% 14000/ . 1

£ 20 < Q? < 100 GeV2]

i o ZEUS358 pb ' |
t— Fit

Combinations /
(@)
(@]
(@]
(@)
[

046 048 0.5

0.52 0.54
M(r*n") (GeV)
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Pentaquark in pK system:

ZEUS HERA-TT

* Track selections

* not used as 1 of K¢

0.2<p(p) <1.5GeV

e CTD dE/dx

e Maximum ~70 hits with full length

track.

* Truncated mean method.

(the lowest 10% and the highest 30% hits are
excluded from the mean.)

e Resolution for protons ~9.4%.

e MVD dE/dx

* Nominal 6 hits with full length track.
e Calculation with probability density

function of hit.

e Resolution for protons ~11.7%.

CTD innermost layer =1
CTD outermost layer >=3
PID by both of CTD and MVD dE/d
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Pentaquark in pK system:

ZEUS HERA-TT
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