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HERA Accelerator Flectron

Proton

* HERA: ep collider, /s = 320 GeV
* 2 colliding-beam experiments: H1 & ZEUS
* collected 0.5 fb'/exp of luminosity in 1992-2007

Quark

Proieran
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Deep Inelastic Scattering @ HERA

Neutral Current (NC): vy,Z excnangz

electron + jet

:

0’ =-q"=-(k—k)’
Q2

= .
2p-q p-k
s=(p+k)’  Q’=x-ys

Cnargz Current (CC): W zxcnangz
missing p, + jet
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K. Wichmann, PHOTON2013: EW Physics @ HERA o @

HERA kinematic plane
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TEVATRON Experiments:
Fixed Target Experiments:

LHC Experiments:
HERA Experiments:
[C] H1 and ZEUS 1994-2000

1 Atlas and cMs

[] Atlas and CMS rapidity plateau
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5 Outstanding precision

H1 Collabomation

S [ B = \
. j:: f.; i e = a -
isf _J" L 1’ 3
. ok 'J- o mf 1 _
* Final measurements of DIS | [ o F 3

¢ o
0 5 1015 20 25 30 35 40 45 50 0 20 40 60 850 100 120 140 160 in 40 50 &0 T BQ 90

cross sections comple’red by . [GeV] 8, [’ E-P, [GeV]
H1 and ZEUS collaborations

ZEUS
e -
* Very good understanding of N B
experimental conditions
10'e Q% = 3000GeV2, y <0.9
* Very high precision | e
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Inclusive DIS @ HERA

. Fix pQCD ¢ PDFs
— Test Electroweak

Main topic!
* Fix Electroweak & pQCD
— Determine PDFs

Few slides here
for details see V. Chekelian's talk

* Fix Electroweak
— Test pQCD ¢ PDFs

One examplel
For more see various talks: A.
Baghdasaryan, I. Brock, A. Tudin
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(x,Q) x2

One

QCD Tests @ HERA

H1 Collaboration
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Example of QCD tests

NC reduced cross sections
208l 2Q
5—|‘NC (x’ Q2) _ NC
dQ?dx 2wa?Yy

5 orders in magnitude in Q2 and
4 orders in x covered!
Approximate scaling at middle-x

Clear scaling violation at low and
high x

DGLAP works - great success of QCD

©
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== Electroweak Unification

P\\i.;
HERA
"l;l T T 1 1T 111 T I T 1T T 11 | T T 1 %
g 10k A HiepNC N
3 5? # Hi1e'pNC =
2 u o ZEUSe p NC HERAII -
o E o ZEUS e'p NC HERAII =
g s SM e p NC (HERAPDF 1.5) -
E 10—1 L s SM e'p NC (HERAPDF 1.5) __
= = E
: E‘v e :
E Zo =
- T N .
3 -

100 E a4 HiepcCC E
_ H1e'pCC _
E « ZEUSe p CCHERAII =
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Fantastic precision

HERA
tl;l T T T 11 T T L LN T T 1 §
3 10 A HiepNC ]
5 E # Hie'pNC 3
o C o ZEUSe pNCHERAI ]
o E o ZEUS e'p NC HERA II E
g ¢ s SM & p NC (HERAPDF 1.5) -
_"E, 10" m=— SM e'p NC APDF 1.5) -
S S 2 ]
E E
102
E a HiepcCeC |
C *+ Hie'pCC 3
E= e ZEUSe p CCHERAII =
- = ZEUSe'p CCHERAI 7
10°E SM e p CC (HERAPDF 1.5 -
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E y<0.9 ©
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* Allows for studying details
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A HiepNC Fascinating picture
% H1e'p NC

ZEUS e p NC HERAII
ZEUS e'p NC HERA I

* At high Q? e'p and e’p NC differ
* Why?

. Q?~ M2 — Z exchange important

* yZ interference clearly seen

~~ In ep NC positive yZ interference

~~ In e'p NC negative YZ interference
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Extraction of xF,

Difference in NC e'p and e'p used to extract xF.**

©

d2o+ 2mae?
NC __ 2 2 _ 2
= = —— [V Fy(2,Q%) T Y_2F3(2,Q%)] (Yz=1+(1—y))
dzd@ Qx -
H1 Collaboration
By 15} Qz1=12l}Gl‘reV2 1 Q2I=15{]de\-r2 1 Q1I=ZDGGI'EVZ i Q2I=25[}C1I‘re‘v'2 1
1
03 HI! Collaboration
i . : : : : : ; ; ngz E Q7 = 1200 GeV’ 0" = 1500 GeV” Q= 2000 GeV”
15t Q@F=300Gev? 1 QP=400Gev? 1 @F=500GeV’ { QF=650GeV* ] L.5F
13 -
g ' i ' 0.} iy ]
0.5} ] 1 ] IJ- ......................................... s S SRS (R 1 ...............
0 R 1L t‘f=30—0:::ch1 1 01=EDD:DG¢:V3. ]

Q“'= 1200 GeV? F = 1500 GeV"

S o

O = 12000 GeV*

Q" = 30000 GeV>
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S Valence Distribution

x dependence of xF )" reflects parton composition

YZ
xXF. %~ xq,
N 0.8 —
1: — « ZEUSNC e'p (3054 pb™'), Q*=1500 GeV*
0.7F— — SM (HERAPDF1.5)
— ----SM (ZEUSJETS)
0.6 — SM (CTEQ6M)
— SM (MSTW2008)
0.5 }
= st O
03—
=3
0.2
0.1
=
— |

Good description by various PDFs
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Fascinating picture

* CCep ~ two times larger than CC e'p

E e X p

H1e pCC
H1e'p CC
ZEUS e p CC HERAII
ZEUS e'p CC HERA I
SM e p CC (HERAPDF 1.5)
SM e*p CC (HERAPDF 1.5)

y<0.9
P.=0

10°

Twice as much u
than d in proton
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Qal

cc

Up/Down Quark Separation

Hl Collaboratmn
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2 i
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Hl Col]aboratlon

QP = 300 Ge V> Q7 = 500 GeV?>

Q2 1000 GeV?

¢
¢
P | s ieiiiml M

A

107 10!

02 1 = HicCep.P =0
HIPDF 2012

01 _ (1-yy x(d+s}

HERA T+11
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CC data can be used to separate

up/down distributions in proton
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Polarization @ HERA

* From 2003 polarized lepton beam

* Spin rotators flipping transverse polarization to longitudinal
and vice versa

* Positive and negative helicities possible
* Polarization of ~30-55% achieved

W Ybs

Spin Rotator

:
=1
5
B
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Transverse
Polarimeter
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Polarized NC DIS

H1 Collaboration

m HlepNC.P=258%

o HlepNCP=360%
HIPDF 2012, P = -25.8%

[ H!PDF 2012, P = 36.0%

y<0.9

HERA II

o Q* [GeV’]

H1 Collaboration

10°
E m Hle'pNC.P=-370%
10° = o Hle'pNC.P=325%
lﬂE- HIPDF 2012, F"__= -37.0%
- [ H1PDF 2012, P = 32.5%
1
- y <0.9
10
m'?E-
107
10%
107
10°
ln-? 1 1 IIIIII| | 1 IIIIIII |

10°

* No significant dependence on polarization in NC DIS
* Inagreement with the Standard Model using HIPDF2012

HERA II
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Polarized CC DIS

H1 Collaboration H1 Collaboration
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* Very clear dependence on polarization in CC DIS

* Inagreement with Standard Model using HIPDF2012



@ CC polariza‘rion dependence in SM

dade2 * dzdQ? ~
=
(9]
HERA Charged Current e”p Scatterin o : 3_
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Parity Violation in NC DIS

2 +/pEy _ L+ pE
NC polarization asymmetry A* = —— o=(P) — o= (Pg)

PE — P; o*(PF)+o*(P;)

1
AT T

H1 Collaboration

® A" (e'p)
0.5 —— HIPDF 2012 )\

L

05 o A @p ]L ng
----- HIPDF 2012 & _5
i ji=
_] ||| | i 1 | | L1 I| I
10° 10*
Q’ [GeV?]

Direct measure of parity violation effect in NC DIS

©
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Quark-Antiquark Distribution

Parity violating structure function F,%extracted from polarized NC cross
sections

+(pEy _ o+ (pt 2 E ‘ 1 :
o™ ( .LJ] g { i) = ‘EQ Ta o ?JP:I:F;"E Y rHQ (’i»'i | '-lﬁ)-’ﬂFi{
Py — P; 02 + n,f% Y, ' Y.Q*+ M %

H1 Collaboration
@ = 300 Gev? QF = 400 GeV?

e

b Q7 = 200 GeV?

|

Q* = 500 Gev?

QF = 1000 Gev?

s ..................... | LT [

L Y= 1200 GeV? OF = 1500 GeV? L = 3000 GeV?

o |
....... + 1 ......

First measurement of F,%

05F
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b QF=5000GeV? 1 f= 82000 Gev? 1 @ =20000 Gev?
# 11 +
0.5 = HIPDF 2012
nf
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Quark-Antiquark Distribution

F,**~ q+qbar

H1 Collaboration

FITE' I I I I I I ] 1 I
Transformed to Q* = 1500 GeV?

B ® HI n
B ~—— HIFPDF 2012 .
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HERAFitter: from HERA to LHC

* Series of HERAPDF extracted using HERA data only

* HERAPDF1.0 based on published HERA T data

* HERAPDF1.5 based on preliminary HERA I + IT data

* Results above based on HERAFitter

- Open source project for QCD fits: available at herafitter.org
- heritage of HERA transferred to the world
- developers: ~30, equally spread among experiments

* Recent results based on HERAFitter from HERA & LHC

JHEP 09 (2012) 061

H1 Collaboration
~0.8 L B AL e e e
X L Q= 6464 GeV>
—~ — HIPDF 201
o Bl experimental uncertainty
B + mod
L 1 i
0.6 LS
r Xu,
L £2(x0.01)
04
[\XS(x0.01) xd,
02 °
O T Ll LT L
10*  10° 102 10!

Eur.Phys.J. C73(2012, 2311)

H1 and ZEUS
i f-\o """""""
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O N OO
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CERN-PH-EP-2013-036

arXiv:1304.4739

Q%=1.9 GeV?
) HERAIfit
—— HERA+ATLAS jets R=0.6 fit
III0 HERA+ATLAS jets 2.76 TeV R=0.6 fit
I HERAGATLAS jets 7 TeV R=0.6 fit
1 1 1



http://arXiv.org/abs/arXiv:1304.4739

Electroweak Bosons @ HERA
wW Z

Charged Current DIS  High-Q? NC DIS

Virtual 4

High-pr lepton+Es

Missing piece in
Redl HERA EW program?

1.06+0. 16(sta‘r.):0.07(sy$.r') ob
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Z BOSON

Real Z° production @ HERA

: Mq
éPARTICLEmZN' 0 q
* Z° produced on-shell by radiation X e*

from quark/lepton lines

SM o(Z) expected to be ~ 0.4pb

Only hadronic decays accessible  E

(leptonic BR too small)

Select events with at least 2

high-E_ jets

* calculate invariant mass from
all jets with E»4GeV & |n|<2

I

MJ.J = 92.4 GeV
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S Elastic Selection

* Multijet sample dominated by
QCD background: no Z° signal

E ! | ' | ! | !
§ " o ZEUS 496 pb!
= 600 - (a) Allm_  region |
| 5257 events |
400 - -
¢
* *ee
* .
* g
200 ? ee -
Py o0
‘.-...._
®e
OlLee—L . 1 . 1 . 1
40 60 80 100 120 140
M, (GeV)
« Usemn__ for elastic selection:

max
* pseudorapidity of the most forward

energy deposit in the calorimeter

nmax < 3°O

= 4.03

nmax

-
Yy =
Il =
- Il = |:|
I . -
| | eeaEaw :H:I
e e B
- I = <
- . o
— o

elastic event: n__ = 1.24
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ZEUS 0 .
)%( Z° cross section

0.5 fb! data collected in years 1996-2007 used
ZEUS

I ' T y I
10— e ZEUS496pb! —

* Z° mass peak clearly visible

Events

Fit ( Z° signal + b.g. )

* shows excellent resolution of

ZEUS uranium calorimeter

15 events observed
First measurement @ HERA

Smallest x-section measured @ HERA

40 60 80 100 120 140
M, (GeV)

o(ep — eZ%™) = 0.13 £ 0.06 (stat.) & 0.01 (syst.) pb

Consistent with SM elastic cross section ogy (ep o ep(*)ZO) = 0.16pb
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@ Conclusions

HERA provides unique window for precise electroweak studies
* High luminosity

* Polarization

* Final results on NC and CC cross sections from H1 and ZEUS

* NC and CC DIS cross sections in very good agreement with SM
* Also at high Q?

* Including polarization and charge asymmetries

* Access to parton densities -> QCD fits
* All EW bosons explored @ HERA, virtual and real

VdaH @ S215AYd M :ET0ZNOLOHJ "UUDWYIIM




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28

