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HERA

HERA 1is the unique electron proton collider in the world.

Vs =318 GeV
.e_%_
ZEUS  575Gev 920

HERA'’s integrated luminosity

el L

e ST, SSESHION HERA delivered
At HERA TI, after the luminosity upgrade, 3| o
— Longitudinally polarized e*/e~beam b ”|
was provided to H1 and ZEUS. ; >l
x P, ~ 30 — 40%.
— Ended operation on 30 June 07. “l
About 0.5 fb-! data were collected by |

1000 1200 1400

each experiment. I e o UG
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H1 and ZEUS detectors
Hl | ZEUS

ZEUS owmn) § B,
Depleted uranium compensating

Liquid argon calorimeter.

calorimeter.
o(E) 11% | o(E) 18%
EM : — 1 | EM : —
E VE & 1% E VE
_o(E) _ 50% | ~o(E) _ 35%
Had : & _\/E@Q% Had : 7 _\/E

@ General-purpose detectors for the particle detection, covering full solid angle.

— Silicon vertex detector,
— Central tracker,
— Calorimeters,

3‘/%‘1‘&“ chambers. 3



Deep inelastic scattering at HERA

Neutral current | ep — e X 4 Two processes, Neutral current (NC)
' ew and Charged current (NC),

—Neutral Current : Exchanges vy, Z’ boson
—Charged Current : Exchanges W boson

Kinematic variables:

Q2 :—q2:—(k—k,)2
Squared momentum transfer

X Q> ~ 1/A, corresponds to spatial resolution at
which the proton structure is probed and also it
corresponds to the scale of the interaction
between the electron and quark.

2
B = ¢ Bjorken x,
2p-q
Can be interpreted as the fraction of momentum

Pwm) K — carried by the struck parton.
= X pP-q

U\ y = ——— Inelasticity
p-k

Pe), £ —

Charged current | ep — v
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do/dQ? (pb/GeV?)

EW unification

ZEUS e'p CC 2004
ZEUS e'p CC 04-06
SM e’p CC (HERAPDFO1)
SM e'p CC (HERAPDFO1)

&€ However, as Q2 approaches EW

scale, 1.e. Q> > M3,, M%, NC and

y<0.9
P.=0

R @ NC cross section is much larger
= « mepncanorerey | than CC cross section at lower Q2
10 = A H1ep NC 94-07 (prel.) _g' . .
] = zzusepncosorerel) 4 3§ NC 18 dominated by 7y exchange.
E o ZEUS ep NC 05-06 =
= SM e'p NC (HERAPDFO1) I
10.1é_ —— SMep NC (HERAPDFO1) _;I NC - do - 1
F - - dQ? Q*
3 T 3 do 1
10-3;— * Hle'p CC03-04 (prel.) —; CC: 2 ™ 2 M?2 )2
% A H1lep CC 2005 (prel.) % dQ (Q + W)
10‘5;?

CC cross sections become of the

[
Q
X

10° 10* , ,
Q"(GeV)  same order.

@ Unification of electromagnetic and weak forces are clearly visible.
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Neutral Current cross section

NC cross section written with structure function

Parity violating structure function

2 + 2
d“o(e*p) _ 2ma [Y+F2(;c,Q2)@Y_£EF3($,QZ)] NC event with

2 4
dzdQ Q) ., the HI detector

rQ* 1 d%o(etp)
2ra? Y, drdQ?

G(e*p)

;_1»?

H1 Preliminary an €D — eX
Q% = 1500 Ge¥ Q°=5000 Ge¥  Q°=12000 Ge¥

& 1 i—ipg_fpzooo o cozsor | 4pxF; term changes its sign
075} 5 = - with the incident positron and
0sf - L - k] electron beam
0.25) : : i. | ® The ep cross section is
of 2 SR larger than e™p remarkably in

« high Q2 region.
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xF;(x,Q?) determination

= Z —aeXz [2€;0;] X T(q; — qi)_, Valence quark PDFs

)
Q° 1
' Xz = A3 )
Q* + M7 sin” 20y,
VA

cFy

Ny ZEUS
WP o zescebemn oo 1 Measurements at 1500<Q?< 30000 GeV?

o8 == sw@EsIETy 7 were combined at Q*>=5000 GeV?

| — — SM (MRST2004)

€ A unique measurement of valence
quark PDF 1s done at small x region

1 1 1 1 1 1 1 1
101 1

To be published Eur.Phys C arXiv.0901.2385
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CC DIS with polarized lepton beam

CC cross section in Electroweak theory Lepton beam polarization
Nr — Ny,
cC _ 1 cC _ P. =
Oeip(PG) — (]‘ —-®)ge:|:p(P€ — 0/) Nr + Nyt
'

G My, : cc 2 cc 2
yy— <M2 -I—Q2) [Y+F2 (,Q°) FY_xF5 " (2,Q )]
%

€ CC cross section depends linearly on polarization of incoming
lepton as a consequence of chiral structure of weak interaction in the

clectroweak theory. CC event with
the ZEUS detector
Structure function Sensitive to each quark flavor -l

21 [u(z, Q%) + c(z, Q%) £ d(z, Q%) £ 5(z, Q%)] (e7p) ===
FQ, .’L'F3:< EE!‘\ H
2z [d(z, Q%) + s(z, Q%) £ u(x, Q) £ &(x,Q%)] (etp) T ep=vX
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Polarized CC total cross section

HERA Charged Current e'p Scattering ‘ Data clearly shows a linear

~120—T T 71 T T T T T T
% | | ee ;O;;i(prel_) dependepce.of CC cross segtion
© 100~ * H198-99 - on polarization, demonstrating
: ] iEpUi > 1 the V-A chiral structure of week
i bR gy | CUTTENE.
B A ZEUS 99-00 B
"l ' 1 4No CC which couples to right
aof ~ TEATPERA by -{ handed chirality.
L 2 -
201 Q75400 GeV? 7| ®Lower limit on mass of Wy, is,
» y <0.9 A
O i) W 208 Gev

Pe
(H1 collaboration, Phys.Lett B634 173,2006)
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NC DIS with polarized lepton beam

Parity 1s also violated in NC but through the 7y -Z interference and Z

exchange. do(e® 2ma?
P T
dafdQ2) - Q4 [Y+F2(x7 Qz) + Y_ZL'F3(SC,Q2)]
d?o(e"p)
dde2 ZEUS E e; —I-.QXzae@le )| x z(gi + @)
to - IQ—650GeV :_IHHH]Q—SOOGeV 1 Q 1200 GeV? :_... Q ISOEGeV

1 Quark-anti quark PDFs

0.5}

L Q%2000 Gev:l  Q?=3000 Gev:l  (Q?=5000GeV:]  (Q?=8000 Gev:] © ZEUSNC
1 - - - - e p (71.2pb ™)
B T T T ] P.=+0.29

T 1 —— SM (ZEUS-JETS)
41 - ® ZEUSNC

T ] ¢p (98.7pb™)

I ] P, =027
v md WRTTTTI IRNIRRRTTT BRNINET) — SM (ZEUS-JETS)

X

@ NC cross section become different for negative and
positive P, in high Q? region.

&€ However this effect is small.
3/8/2009 10

0.5

||“_IIIIIL|J RN 1111 --_IIIIILlj | IIIIIL|J 1111

s RTTT EEEERRTI [




NC DIS with polarized lepton beam

Therefore the asymmetry 1s defined to show P, dependence of NC
Cross section.

<

1,
08;
asf
04 |

02 |

ozf
05f
osf

1 L
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HERA

0

H1+ZEUS Combined (prel.)

A* =

H1 2000 PDF
ZEUS-JETS PDF

10°

2 o P(Pg) — o€ P(Py)

Pp— Py 0°"P(Pp) + 0° P (PL)

€ Asymmetry is a direct quantity to

~ access the SIZG of the parlty violation,

. @ Data shows the dev1at10n of A
" from zero.

| ®Thus, parity violation in ep NC
| DIS at very small distances is

~ demonstrated at scales down to

10-18 m
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Determination of quark couplings to Z

ZEUS
> B [T ‘ T T ‘ T T ‘ T T ‘ T T ‘ [T ]
> r ]
L ZEUS—poI—vu—vd—au—ad—PDF (prel.) .
1— Il total uncert. —]
: uncorr. uncert. :
- W H1prel. (HERA I+l 94-05) ]
0.5 7 ) ]
0 -
05/ -
r * SM ]
L — CDF |
- 68% CL LEP _
-1 7
[ ‘ I ‘ I ‘ I ‘ I ‘ [
-1 -0.5 0 0.5 1
From NC cross section, a,

-0.5

ZEUS

ZEUS—poI—vu—vd—au—ad—PDF (prel.)
I total uncert.
uncorr. uncert.

I H1 prel. (HERA I+l 94-05)

0.5

* SM
— CDF
68% CL LEP

! o
\‘\\\\‘\\\\‘\\\\‘\\\\‘\\

1 05 0 05 1
Ay

Fy ~ Y a(gi+@) x (€ + 2P.xzacefvy) Polarized data —> vector coupling

1

zFy ~ Y x(qi — G) X (—2xz0cef]

Unpolarized data = axial-vector.

@ Electroweak parameters and PDFs can be determined simultaneously.

HERA gives the best determination of u-quark coupling to Z°

boson.
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Single W production

¢m &v, Eventtopology P = e(ve) WX
LW W — z@
!
- large missing Et

The single W production at HERA 1s interesting
I' and predicted by SM with small cross section.

X Dominant production is from the quark line.
Anep — u~ X events X X D
candidate detected by H1 4
arXiv: 0901.0488 [hep-ex] w 22/
0 X
Run 473929 Event 107593 Z
Experimental signatures are [ Pr, > 10GeV

leptonic decays of W boson, that is,

. . { - MissingEr > 12GeV
one high Pt lepton + a large missing SERSET °
Et | Adx
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Cross section for single W production

e, + PTiSS events at HERA I+l (ep, 0.97 fb™)

The transverse mass of lepton-neutrino 2 [ e Hi+zeus data preim) N =87
Fi10? _2:;?2/: N, — 9274112
€ The Flata are domi.natej'd by W 1ok 7——- e ;
production and contribution from s +2
other SM processes is low. 1:' L E
@ Cross section for single W 5‘ _| |2
. . B ?ﬁ
production 1s extracted. _1/ . % =k
10%g 100 150 200 250
MY (GeV)
Hl : ow = 1.1440.25(stat) + 0.14(syst) pb, aéVM =1.27+0.19 pb

ZEUS : ow = 0.897055(stat) = 0.10(syst) pb, o5 =1.240.18 pb

®Combined H1 and ZEUS cross section measurement analysis isongoing !!
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Summary

@ Electroweak interactions are tested by measurements of DIS
at HERA precisely.

- Electroweak unification

- Observation of Parity violation

- Quark couplings to Z boson are measured.

- Cross section of the single W boson production.

@ These results are well described by Standard Model.
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