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DESY/HERA - HERA 1992-2007

(27.56eV electron  920GeVproton)
the world largest electron microscope
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Progress in accelerator enables us
to investigate the smaller structure.

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

Q2 pax=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.



A view of the HERA ring tunnel

-."'A

Tunnel
Construction

N
N
/
4

L A
=
<k
% -

7 Electron ring |







200 |

100 |

- HERA-T 1992-2000

L | . |
(0] 500 1000

| |
2000 2500
days of running

HERA operation ended at the end of June in 2007

|
1500




-
\

.._.,__/__.,, /ﬂwﬁ".ﬂ,‘&d
Sy TN




Introduction: Deep Inelastic Scattering

Descr

k1
K /
e _

27.5GeV Q2
q f
P 920GeV.
. 2
P

remnant jet

ibed by 2 kinematic variables
Q2=-q? photon virtuality

x = Q%/2p.q Bjorken x
Y = p-q/p.K TInelasticity
s=Q2xy

W
current jet v
2
dJE:I:p 21
dedQ?  zQ*

Ye=(1£(1-y))

F, : Longitudinal Str. Ft. (O in QPM)
F;: Small at Q2% <«« M2

(Y. Fy —y*Fp, FY_2F3)

AN

F, = Zezxqf(x,Qz)

qf(X, QZ) + quark distribution function




ﬁ Neutral Current (NC) Charged Current (CC)

=

Proton 920GeV Proton 920GeV

positron positron
27GeV 27GeV

Scattered quark

u,c-quark (jet)
Gjet) quark N




Kinematical region for HERA structure function measurement?
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ZEUS experiment at DESY

R x pad deTeCfr at shower max. (HES)
. TRD in Fwd direction (proton side)

Q- N
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Measurements of NC/CC Cross sections

-k
=

=Y —h
< <
LL ] L&)

—h
Q
=]

HERA

] L * -

Hie pCC
Hie'pCC
ZEUS e p CC HERAII
ZEUS e'p CC HERAII
SMe p CC (HERAPDF 1.5)
SMe'p CC (HERAPDF 1.5)

y<0.9
P.=0

A
¥
o

m]

s SM e p NC (HERAPDF 1.5)
s SM e*p NC (HERAPDF 1.5)

L 111k

H1e pNC
H1 e’p NC
ZEUS e p NC HERA Il
ZEUS e'p NCHERAII

IIIIIII| | IIIIIII| | IIIIIII| | IIIII|,|,| | IIIIIII| [N ERL

10°

10*

A\~ )

l\—iERA-II Final Result

~

At hlgh QZ (QZ"'MWIZZ),

One ™ Occ

2

do Ly a \
dQZ kQZ i MEXChangezf aNCNGCC

\9 Electroweak unification /

[ Good agreement with the SM ]

"NC(e*p) < NC(ep)
& yZ interference
-CC(e*p)<CC(ep)
€ u,d-quark distribution in the protor
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HERA-I Final Results

~

At hlgh QZ (QZ"'MWIZZ),

One ™ Occ

2

do 4 a \
dQZ kQZ i AAExchangeZ)Z aNCNGCC
K% Electroweak unification /

[ Good agreement with the SM ]

*NC(e*p) < NC(ep)

& yZ interference

1 04 -CC(e*pCC(ep)

€ u,d-quark distribution in the protor




HERA I - IT
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Longitudinal polarization of lepton beam : > Direct EW sensitivity

Spin
Rotator HERMES
(exists)

/ “ Spin Rotator (new)
H1

f HERA RING
'\ Spin Rotator (new)
A\

Luminosity Upgrade :

< High-Q? requires large luminosity

® Final focusing magnets in the detectot

Laser

{- LPOL

. r
s
HERA B

® Sokolov-Ternov effect
—> Lepton beam has
transverse polarization

+
® Spin rotator
before/after the
H1/ZEUS/HERMES

_Polarization build-up at HERA
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Charged Curren’r Sca’r’rermg

o) 120 | / N electron neutrino (left handed)
2 | e'p— v}‘.’ - \ Proton
DB i . H1 1 . 8206GeV
1001~ 0 ZEUS ” \
- == HERAPDF 1.5 - . >
80 ep—-vX ]
- e H1 - Left handed
_ % ZJEUS - electron
_ i -
601 ~HERAPDF 1.5
40 — _
_ A -
20 — —
i Q%> 400 GeV? il
‘ y<0.9 1
u ) | 1 [ | I [ | 1 [ | | [ | | I | | 1 | N
=100 =50 0 50 100
& ) P, [%]

left handed right handed
oSt (P, = +1,e7p) = —1.3 4 2.4y = 1.51umi = 1.2,01 pb
) =

OEH(Pe = —1,€"p) = 0.5 £ 1.3 £ 0. T £0 4 -1
*The first measurement of Left/Right

H1 prelim. asymmetry in CC in this energy region.
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What we dreamed of (and
we could not discover)

* Leptoquark (LQ)

- Indirect searches for Extra bosons
(Z) from the high-Q2 scatterings

» Top quark (from photon-gluon fusion
gammag ->t b))

» Leptoquark with generation mixing.
- eq -> LQ -> tau top : three N prizes!
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Seaches of BSM

10 | 12 —— 7 I(cl:)l '@ ZEUS 94-05 (prel)e’p
8 [ ~ ] —-— R2= (0.67 10"'%cm)? :
g Teseveite 3] --+ R2=-(0.81-10"%cm)? .
= L I |
-2 0_8 | 1 1 1 1 1 L1l |
L 3 4
10 10
L L B it S SEt St e SRR _j*f_ <« “softer” sca‘r'rer'ing
- T If the quark is not point-like
| Quark Radius Limits (prel.) i
L L | L L L L L L L L | L L L L L

3 4
10 10 02 {Gev2‘

PP ep ee
LQ e
LQ
d A
ZEUS e'p (498 LG q
| H1 ep -
£ ATLAS pair prod. \

Good agreement with the SM

|]|]|DPAL indirect limit—=

P S i Quark Radius<0.67 x 10-6cm (prelim.)
02 03 04 05 06 07 08 09 1 No signal for Lepfoqquks so far

Mia (TeV) prys. Rev. D 86, 012005 (2012)  ——
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Seaches of BSM \/Nw~<
ZEUS //Yg\f:i

%
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g 10 — e ZEUS49 pb ]
2 L 4

[ Fit(Z' signal +bg.) 1 | No top but hadronic Z decays

8 - ]
e Fit(ba.) LI N, = 15070 - were observed.

Z mass reconstruction with
Z-> jet jet

100 120 140 ¥ I
l\(ljets (GeV) TT1 :

/

Phys. Lett. B718 (2013) 915 s



What we planned to measure
(and are well measured)

* Proton Structure
* QCD -> Precision theory

20



Predictions of F,

-5;‘ R
3 i s1AC
S [ BCDOMS
o

10 NMC

10

I~

Early HERA data showed rapid

increase of F, at low x.

0.2
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Gluck, Reya and Vogt

"pQCD" : parton evolution

@® ZEUS 9697
B H19697
NMC, BCDMS, E665
——  CTEQSD
- MRSI99

Precise F, determination
(1996-97 data samples)

4
10

Donnachie & Landshoff

"Hadronic": Regge theory behavior of yp total
cross section

107 1072 10
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Results of F, Structure Function

+ Strong rise of F, as x
decreases
- Soft 'sea’ of quarks in the proton
+ Slope of rise gets steeper as

Q? goes up

* Good agreement with fixed- % .| : \ :
target experiments at middle SN T\ T
- high x T
- Sea + valence quarks [ : : -
b — ZEUSNLO QCD fit
f il




F, for fixed x, as a function of Q¥

At low x, strong scaling violation =
IS Seen.
Large gluon density + g qg splitting

— F, increases P (X/Y) X:
(y-x)
At x~ 0.1, approximate scaling.

At higher x, F, decreases as Q2 1
Quark radiates off gluon: ¢—gg

Fzml"gm(x}

qu (X/ y) X
Y
(\/-x;

Line = result of QCD fit (comminc
slides)
- All data points well described.
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Kinematical region for HERA structure function measurement?
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Kinematical region for HERA structure function measurement?
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Direction and Energy of scattered electron (and hadrons)

o 10 > E o 10 > E ‘
> E  E; isolines i c E  clect ttering
- . isolines in _ electron scattering 2
2 10 4 = steps of 5 GeV 2 10 4 = angle isolines
© 103 ©03L 000 LT
10 2 10 2 é_ '''''''''''''''''''''''''''''''
10 3 10 £
1 : 5‘ =S 4"3 zll:; \i\\\\\\ 1 : 5 4 3 2 1
10 10 10 10 "10 1 10 10 10 "10 "10 1
X X
o 10° — Both the electron
4 current jet -
S 1041 onergy iolines ~ and hadrons are near
Sh - the rear beam pipe.
S 103 il PR
10 * - ?
10 3 i
0 | mm\é‘\:.\'u T R Y (Y ; = £ il - |ﬁ:||.|;|’|| h| poonl 1
1 _5 ' 1 1 4 -1

10 210 10 210 210" 1 10 210 %10 310 210! 1



ZEUS upgrade

1. Sci-strip detector
SRTD: for better
electron position.

2. Moving RCAL
beampipe hole:
20x20
-> 10x20cm
3. Beam pipe CAL
(H1 Better RCAL)

4. FWD plug CAL

5. Silicon vertex
detector

6. Straw Tracker at
FWD

7. Very FWD neutron/
proton spectrometer




ZEUS upgrade

ue Region near the beam pipe are 1. Sci-strip detector

= very interesting region for low-x SRTD: for better
3 electron position.

physics. 2. Moving RCAL
beampipe hole:
There are huge background. 20x20

Better to have good PID device ->10x20cm
against hadrons, photon and 3. B'jflmé pipe CIQCL
positron(<- charge ID) (H1 Better RCAL)

4. FWD plug CAL

5. Micro vertex
detector (MVD)

6. Straw Tracker at
FWD

7. Very FWD neutron/
proton spectrometer
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Summary

+ HERA and ZEUS/H1 experiments
- Collider = x100 extended region in Q% and x.

- Precise measurement of proton structure:
QCD is now high preciesion physics.

(With lack of signature of new physics), we
extended the measurements to lower-x region.
High performance detectors to measure the low-
angle scattered electron are very important.



Backgrounds (Example)

ZEUS FL paper:

ZEUS

PL B682 (2009) 8'22 © 8000F =] 4um__ .

8 i i e s \'s = 225 GeV

] o _ i | Imcois+Be % 30000 L =13.9 pb’
® Electron identified with CAL § ! Bl vesa 3 5
® Some hits in the trackers g o0 & 20000}
® No charge/momentum _ j
measurement with track T8 10 B ey DI, L T U e

As Low-x -> low E, Background is & “® R ek
severer for low-x § 3000 E 15000}
The main background is £ 20000 £ 10000}
Photoproduction events. (the " ;

scattered electron escaped in the : _
beampipe. Electron/positron from pi0 R R TR e

Probably from photon remnant > : 2 -
=] [ 5
ZEUS measurements are for & 20000] gmuum_
. ; 3 [ 1] -
Q2>28GeV2. The limit mainly come  § &
w

from, Ee thresholds and CTD/MVD hit “

50000
requirement (i.e. threshold in the - - L~, i
scattered angle) 20 2 eV 1= 6. (deg)




Php-background

http://www-zeus.desy.de/physics/sfe/theses/shimaFL.pdf

Estimated vp contamination
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>10% background
for highest low-x bin
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