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« ZEUS and H1 : Colliding beam experiments

« HERMES : Use the longitudinally polarized e*
beams on the polarized gas jet target for the study of
the spin structure of the nucleon.
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Forward Plug Calorimeter
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* Lead(1.5 cm)-scintillator(0.26 cm) sandwich
calorimeter
* For electrons

T v~ o(E)/E=(0.41+0.02)/VE @(0.062£0.002)
For pions (FPC+FCAL)
rapidity : ¥ — L 10 EXPZ o(E)/E = (0.65+0.02)/VE @ (0.0620.01)
2 E-pz * Installation in 20x20cm? beam hole of FCAL.
pseudo-rapidity : = —In tan(g) v’ Extend calorimetric acceptance by 1 unit

with small mass (E =~ |p|) in pseudorapidity from n =4 ton,=9.
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s orward Plug Calorimeter Readout Scheme

Splitter

Analog card

Heuijin Lim
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Digital card

11

60 m cable

ADC

shaper pipeline
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- KEront-End Electronics : Analog card

-

Charge injection (test for Shaper)

Calibration

A

Gain (test for Pipeline)

Control

y. ADCof

- from OS-9
oto-
multiplier 4 N\
P y/| HighGain 7 v ||| piooi
'/ | Shaper /[ » ipeline > N Output
7y Buffer/ Part
v Multiplexer
Ly Lg’v;laG::n Y , Pipeline >
'y
Em—
Cobalt current —b
Integration i
(for calibration) —.D
Em—
Em—
—>
v
CLK & RD/WR
CLK & RD/WR & INCR

Through the VME back
frame from the Control

Card

* Follow the readout scheme of ZEUS calorimeter.

* Energy range =» 1:7000 (from 0.03 GeV to 200 GeV for EMC)

v Difficult for 12 bit ADC to digitize the signal.
=>»Process the signals with low and high gain.

Heuijin Lim
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" Digital Card

* Shaper : Amplify and shape the

signals from PMTs.

e Pipeline : (1 signal = 8 samples)
Sample the shaped signal per

96ns and store them in a 5 us deep

analog pipeline.

* Buffer :

After GFLT’s decision, the 8

samples per channel are carried

into a buffer and wait for the

control signal from a Multiplexer.

e Multiplexer : Convert the

parallel-input into serial-output.

* Qutput Driver : Transfer the

signals to ADC over the 60 m cable.




- Front-End Electronics

Front-End Card

Control Ca




- Pile-up Rejection Card

beam-gas .
* In order to measure the charge and time of a

By DSP signal from a PMT accurately,

(baseline shift) - Signal is amplified and shaped.
Triggered event

-1 bunch

ﬁ

« [f a signal has the time width longer than the
Impossible beam crossing interval of 96 ns, it may be
distorted by an event produced at an earlier
(later) bunch leading to pile-up.

—> Need to check this effect for the FPC
+1 bunch By hardware located near to the beam-hole.

0 bunch

1

* Pile-up Rejection Card (PRC)

—> Identify the pile-up due to beams of -1,
+1 or +2 bunch by checking the timing of
input signal

*2 bunch By hardware

or DSP

* PRC shows that events below 0.2 % of the
+3 bunch By DSP triggered physics events are affected by pile-
up effect.

i
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— Pile-up Rejection Card

PRC Analog Card PRC Logic Card installed in Rucksack
installed on Detector
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gaglnclusive Diffraction in Deep Inelastic Scattering

Kinematics of ep 2eXp

r= Non-peripheral process

A Q7 =—(k-k)’ x=Q*/(24-p)
eF % 2 ' "2
AN W=+’ =4ys My =(k ~K'+p~p’)
x* P ; Q2+M§( Bz Q _ X
EE= T w? ME+Q* X
\I\q W§ t=(p-p)’ xp =p7/Ep =1-xp

Present diffractive measurement in terms of
> dG(MX9W9Q2)/ dMy and XIPFZD(3)(B9XIP9Q2)

- Diffractive process

€ B \
. q
. T“Q M,
B 2 3 ’ q W
238
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. O T ——
opologies (ep =2 eXp)

— Event T
(My =5 GeV, Q2 =19 GeV2, W = 123 GeV)

Diffractive scattering
L)

D SR

b
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| Non-peripheral scattering |

T e |
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‘

My method using Forward Plug Calorimeter

dN
— = __ D 4+ coexplb-InMD)

Diffraction Non-diffraction

with free para\neters, D, b an)‘ ¢ from fit. )

-+ = Fit(c exp(b InM\ %)) — Fit(D  c exp(b InM, )

771 DJANGOH T3] SATRAP+ZEUSVM 5] SANG(M < 2.3 GeV)
* (ZRUS 98-99)-PYTHIA-SANG(M,, > 2.3 GeV)

m
L IIIIIII.I] IIIIIlI.I.| IIIIII|.|.|_.|_

12
2

* CAL+Tracks+FPC - CAL+Tracks

W =200 - 245 GeV
Q*=17-10 GeV*

2 0 2 6 8 10 12
In M, *
v' The FPC increases the accessible My
range by a factor of 1.7.
v If My > 2.3 GeV deposits Egp> 1GeV,
=>» recognized and rejected
do’." /My, My < 2.3GeV

°22<Q°<80GeV?  (55ins 98-99 data
* 37 <W <245 GeV with 4.2 pb'!
*0.28 <M, <35 GeV

Nucl. Phys. B713, 3 (2005)
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o " Selection of diffractive events

with Leading Proton Spectrometer
\

DIPOLES
;bem’mg’ Detection of the scattered proton
in LPS with x; > 0.9.
Si DETECTORS — g HERA

5
(80 m.) QUADRUPOLES

v" No background from
proton dissociation.
v' Limited statistics due to
geometrical acceptance
mus ~ 2% in the diffractive peak
LP. region.

S4
(63 m.)
S3
(44 m.)

ZEUS 1994 (example)

‘%zzs - Photon diffractive dissociation
3
Using 97 data

.00 £ Double dissociation
s - Pion exchange
*0.03 <Q? <0.60 GeV? = 3.6 pb’!

s | LRI 2<Q2<100GeV2 > 128 pb’!
& * 25 <W <280 GeV
« 1.5<M, <70 GeV
< 0<|t| <1 GeV?
Eur. Phys. J. €38, 43 (2004)

difft
do’l" /Mt
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| ZEUS M, 98-99
. ZEUSLPS 97
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Diffractive Diffractive
Cross Section Structure Function

* t dependence

* W dependence * X;p dependence
2 0,01 (0) - Q? dependence

* Comparison with theory

* My dependence * B dependence

° Gdiff /GtOt
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* tdependence of Diffractive Cross Section (LPS)

ds™? ~ P /ditl (nb/GeV?)

- Fit t distribution to doy/d|t| o exp(~blt])

= do/d|t| shows steep fall-off with t
as in elastic hadron-hadron scattering.

o
=]

i
=

b=79+ O.S(stat.)f(o):g (syst.)GeV_2

[

<Q*>=8.4 GeV’
<[p==0.32

ZEUS
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x,p<0.01
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* Regge phenomenology predicts

“shrinkage” of the diffractive peak:
2

b=b,+2a'In—-~ b, + 20}, In—
My Xip

 Additional B dependence expected in models.

Heuijin Lim
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Diffractive Cross Section (My)
ZEUS
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VY dependence of Diffractive Cross Section

i (0) =1.096

ZEUS
135 - 028 <M, <2GeV - 2<M,<4GeV -
L3 ® ZEUS 98-99
1.25
12 i [
1.15 I $ i
L1 s i

suﬂ Pume ron

1.35 4{MK{SGEV

§<M,<15GeV | "

l/ ‘soft Pomeron

1

1 / 10
+0.012
-0.009

1

10

Q’ (GeV?)
from had-had scattermg

* Fit to the diffractive cross section :

iff
do®!
v p—>XN

dM,

adiff
=h-W*  ~(W?)

(h, adiff free parameters)

(20‘11) 2)

Assuming do /dt oc ¢ and

op () =ap(0)+ajp -t
diff

oap(0)=ap+ap/b=(a /4+1)+0.03
from LPS —

* For M<2 GeV
-> dlff » (0) compatible with the
soft Pomeron
* For larger M, and Q? > 20 GeV?
> o527 (0) lies above the results
expected from soft Pomeron and
increases with Q2.

Heuijin Lim
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— Q? dependence of a,p1(0)
ZEUS

e ZEUS 98-99
1.25 O ZEUS 98-99 x,;,<0.01

e 0.0147
Acupdift = 0.07147 1)

1 10 10°

Q* (GeV))
» Fit to data with 2 <M, < 15 GeV st
v o (0) s rising with Q2, with a

diff _ diff 2 2
Aap =ap (0527<Q” <20GeV™) significance of 4.2 s.d.
B a;l}i)ff (0:20< Q2 <80 GeVz) v .Assummg.smgle Pomeron exchange,
this observation contradicts Regge
=0.0714+0.0140(stat.) "y o ' (syst.) factorisation.
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Compare o, for diffractive and total y*p scattering

=~ 14

<

S 1.35
1.3

1.25
1.2

1.15

1.05

o' (0) *
s 8
T
;F § % § ¢ oL, (0)
B
soft Pomeron
1 10 10°
Q* (GeV?)

Heuijin Lim

ZEUS

ZEUS 98-99
® oot (0) (x<0.01)

O 0 pdiff (0) (2<My<15 GeV)

tot 4’0 2
60 =——— F(x
o g Q)
1 2
~ W ImTy*p_)Y*p (W , = 0)
e
2 _diff ;
dMth - Y*¥P—>V*p ~ ( )

* 0, 11(0) is lower than for o,°%(0).
* For low Q?, 0,,,%(0) is consistent with
soft Pomeron.
* Data suggest increase with Q2.

- Regge factorisation breaking.

—> Similar W dependence of diffractive
and inclusive measurement,

2(0yp™(0)-1) = ap4(0) - 1

Fermilab, July 19, 2005 |



B— |

M, dependence of diffractive cross section

ZEUS

,l'-'\
Z 000, @ ZEUS98-99 |
O W =220 GeV
E 2500 * o *=27Gey?
EH 2000 [T . gzz:g::z
E 1500 T Qi:&ll:;q:"»’z1
WA * Q' =14 GeV
% 1000 ,r"f e Wy « QF =27 GeV'
© - i 0 QY= 55GeV?
= 500
] *.' i .,...__.__'_;"_'j':."_-‘.-:f:;z.-,‘_._;.__.;;___'____ e
o ol i
0 5 0 15 20 25 30 3
M, (GeV)
% (b) ZEUS 98-99
O My (GeV)=3 o o . W=220GeV
= 1.2 —
= ? '
= ¢ I
R TS T TR +
S 143
¢ .,
Eb 20 p— 5 41 F\ i
= 30 ** * *
(2|
O 10?2

dodiff
2 y*p—>XN
Q  —Fx— vs. Myat W =220GeV
dM X
* For M, <4 GeV,

rapid decrease with Q>
=» predominantly higher twist.

* For My > 10 GeV,
constant or slow rise with Q2
=> leading twist.

Heuijin Lim
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waDiffractive contribution of the total cross section

diff

ZEUS 98-99 M
® Q'=27GeV W QP=4GeY 4 P =6GeV ¥ QP =8GeV I bdMXd diff MX
Q=G F Q=27Gev' O OF =55 GeV diff v p—)XN M\ <2.3GeV
2 0.28 < M, <2 GeV 8 <M, <15 GeV tot o'
0.06 —{ $ 1 - . v'p
7 20p—2

u.m*** i#% | OC(W)IP
0.02| ¢ fL T I P ﬁ § ; § é (Wz)aﬂ, (0)-1

opfra e N £k iy :

2 <M, <4 GeV 15 < M, < 25 GeV _ _
0.06 |- T 1 * For M, <2 GeV, falling with W.
004 é é ¢  For M > 2 GeV, constant with W.
TERAE
0-02 é g i » For M, <4 GeV, decreasing with rising Q2.
s kK & B & K X
o[ 4B89/8 8 3,8 1, .| « For M, > 8 GeV, no Q? dependence.
4 <M, <8 GeV 25 < M, < 35 GeV
Mer T | « For the highest W bin (200<W<245 GeV),
0.04 i i f f ? i & odiff (0.28<My<35 GeV, M\<2.3 GeV) /o't
' 3

S T I i 15.8712% atQ’ =4GeV’

0 5o o0 150 200 250 50 100 150 200 250 9,6:%;% at Q2 =27 (}eV2

W(GeV)
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Diffractive Diffractive
Cross Section Structure Function

* t dependence

* W dependence * X;p dependence
=2 0;p%1 (0) - Q? dependence

* Comparison with theory

* My dependence * B dependence

° Gdiff /GtOt
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14 GeV?

3

27 GeV”

55 GeV’

Q'=

Diffractive structure.

p function of proton

D@3 2
Xpk, ( )(B,XIP,Q ) =
diff
QX +MH) Yoxn
4n® a 2M dMy

* For M <2 GeV,
xpF,P®) is constant with xp.
* For My > 2 GeV,
rapid increase as x;p = 0.
i.e. parton evolution as x;, = 0.
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‘*
_ B=0.007 B=0.03 B=0.13 B=0).48
=N n.ns? ® ZEUS 9899 -
hﬁ | {x 0.70) 53
— 0025 | § LPS 97 3
W | it ¢ gt | PhiRd
0| :
0.05 . { o
0.028 ’ in *éi*%iiﬁ g
}} ¢ “i! L ."a"q ’
0 +
0.05 | 5 o
bl S M, |2
| t b I L ¢
0 | " .
0,05 | } LR
' y , | S
Y*p = Xp via the {.}i\ # ;,“”4 h*g.{. f -
exchange of a Reggeon a.;. ' ﬂ
04N 0
} & ﬁ’i%*?; ©
Tt wtete?

Xip

omparison of LPS and My method

Fit(c exp(b InM, 7)) —— Fit(D + c exp(b InM, %))
7/ RAPGAP Reggeon + (ZEUS 98-99) - PYTHIA - SANG(M,, > 2.3 GeV)

W =200 - 245 GeV

W =37-55GeV
T B e A e

ﬂ 3F I | | i
. %
R 10 10
Rt
10 L e
EllLa |
1 |
107 ]
E f~ 8
10 %k _ £il1g
E ; R
10 F, ++“¢ [% 1D
. aﬁtﬂ.} il R EII][I:H mit_:
In My
cheggeon
Y p>XN _ 2
———— wcexp|(1+ 0, (0)—2a; ) - InMy
dIn M2 .
X

o exp(byp - InM3, ) with b =1

* My method suppresses the Reggeon
contributions.

 Good agreement between LPS and M
method ( x 0.7 for My < 2.3 GeV) except
for the region of x,,> 0.01 where
Reggeon contributions may dominate LPS.
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KIPFZDG]

BEKW(mod): — Total - (qq)y (@), - (qqg)y
My =12GeV 3 GeV 6 GeV 11 GeV 20 GeV 30 GeV
| p=0.652 P=0.231 p=0.0698 | [=00218 | [=00067 | P=0003
0.05 \..\ ,
K ¢
o \‘mhﬁwmfﬁwh\&af\u;z
O “foms | P03 | o1 | poaosz | B=0009% | P0nosd
005 \g&“\\\ "
) o
LS \\\\\"\ s
| T 2aa -
= | p=0.507 i[!-!ll-l- P 143 P=00066

005 N,

DY i 1.4 . £

[re
—l] CEecy

w0 w0l 10wl wle? 1wl 1wl w?

Lip

e ———

s Comparison with colour dipole model, BEKW

(Bartels, Ellis, Kowalski and Wiisthoff)

* The BEKW parametrisation describes the

data, well.

FPO® =

T

4
0T

L
Fqﬁ

L

AL
ter - Fagtco- Fogg

T
Fi- o B(1—P)
dominates at 3 > 0.15

o B2 (1-28)

T

. Fq_g

substantial at large 3

o< (1-B)’

dominates at small 3

Heuijin Lim
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— High gluon density and saturation

5 4
[ d
\ 7
AN \ Low Energy
pQCD OK!
x(ilx.U-’l Gluon
“Q d 3 [?ensily
=5 (GieV- Grows
. High Energy
’ t ' I 1/Q4(x)

w1t 102 10!

Gribov, Levin, stkin ( 1984!

: transverse size of gluons

At small x, QCD evolution When high gluon density, gluons start to
—> predicts a fast increase of the parton overlap (the proton “saturates”.)
densities which violate unitarity v’ They are not “free” anymore and
constraints. interact each other.
—> neglect interactions between partons. v' F2 stops growing.
But, not be valid for the high parton density. =» non-linear equation is required.

Heuijin Lim Fermilab, July 19, 2005



*
wuComparison with colour dipole model, saturation

Comparison with Forshaw and Shaw (FS04) model with/without
saturation (hep-ph/0411337) and Colour Glass Condensate (CGC) model
from Iancu, Itakura, Munier (hep-ph/0310338).

P

b =>» CGC and FS04(sat) are able simultaneously to
describe F, and x,F,D®.
YP>YD - Dipole model predictions for F,® W ZEUS FPC
v - ——— CGC b=6.8 GeV 2

e e FS04 sat b=6.8 GeV2

------ FS04 no sat b= 8 Gev2

“1 N\t FS04(nosat)

. p=0.0153

F2 L \'\\\ \ . . ‘.[t.=0_0632 N ... p=01209 A
°s ™S Fit F, I e
0.4 \M_ﬁ__ v = 20a{ - -
N Hﬁm:__i_lt_]__“_ and then _ . Pe01824 p=0.3125
10° 1n|1-" 121‘ 121‘ ulr predlct :
X
3
o] XppF,)
|
"=CGC
FS04(sat)
F2 na
0] Q=15 GaV*
04 Q=27 Ge
62 M‘__\ Q*=0.25 Ge
X Q=8 GeV* Q* = 14 GeV* Q" = 27 GeV* Q = 55 GeV*
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*
Q? dependence of x;pF,P)

BEKW(mod): =—— Total ==+ (q(?])r (‘-IEI)L (qag)T
B=0.005  [=0.025 [=0,125  [=04 B=0.7 B=0.9

| x=0,00014
0.05 -9 ZEUS -
| 98.99

x=0.00011 [--7"

! x=0.00026
X = B X;p < 0.002 o *"//’—‘-’ﬁ

x=0.00012 | x=0,00021 [---"""

l x=8E-05 x=0.00053

I_ x=0.00024 | x=000042 [[T--=="7
0

x=0,00048 x=000084 [ ..-="""

A=6E05 A x=0,00031 x=0,001 x=0,00175 x=0,00224
ﬂ.ﬂSI r /W

* For $=0.9
(dominated by events with My <2 GeV),
=» Constant or slowly decreasing with Q2.
Expect higher twist effect from (qq), .

Xppk,P®

* For B <= 0.7 and x=3 x;;, < 0.002,
x;pF,P® increases with increasing Q2.
=>» Positive scaling violations.

Suggest perturbative effects such as
gluon emission

x=0.00013 | x=000063 T x=0.002 x=0.0035 x=0.00449

0.05 | "
' / et e, 1T For fixed B,
X=SE-08 x=nmn:< ;;=.o.mus x=0,004 x=0,007 x=0,00899 Q2 dep endence Of XIPFZD(3) Changes Wlth XIP‘

=>» Inconsistent with the Regge

xp=0.005  x,;=0.0025 x,;=0.0012 x,,=0.0006 x,,=0.0003 x,,=0.00015

3
\i‘

of b factorisation hypothesis
r x=0.0001 x=0.0005 x=0.0025 x=0.008 x=0014 x=0.018 ~
0.05 | ;
.

1 10 1 w 1 1w 1 10 1 w 1 10
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B dependence of x;,F,P®) at x;,=0.01 -

—————..
- ZEUS
;: (@) ZEUS98-99 .+ x F,PO for Xp=X,=0.01
004 e =001 =>» expect this to represent the structure

003l e function of Pomeron, up to a normalisation

![ } R * j constant.
0.02 g}ii ; % i }
i ) ‘ ‘ * For 3> 0.1
B 3:23"5" ) : 82: 4 (vvz x;pF,P®) has a maximum around p=0.5.
ol Q;:";‘; NP, ;’6 =2;;'°V08 o] => The B(1-B) dependence observed is
S T B expegted in dipole models of diffraction
%. 0.05, - by v —qq splitting and two gluon
ol exchange.
8 14 271
0.03 6| { W * For B < Q.l |
- 2-7} ; { SHE | i ‘ xpF,P® rises as B = 0 and the rise accelerates
0.02| g oAt . with growing Q2.
oot =>» Similar to the logarithmic scaling
violation of F, at low x due to QCD
0- - evolution.

Heuijin Lim

Fermilab, July 19, 2005



Phenomenology of F,

H:* Bl 7EUS 199%6-97
C:'Ju 4 [0  ZEUS BPT 1997
Nv 10 _ ZEUS SYX 1995
= P4 ZEUS FPC 1998-99
Phenomenological studies of 43 =~ ™°
1 71 BCDMS
F, measured in a large ‘
E665

kinematic range

 Logarithmic derivative of F2
with respect to x 10
* Logarithmic derivative of F2
with respect to Q?

Heuijin Lim Fermilab, July 19, 2005



F, measurement

ZEUS

= Q° = 0.085 GeV® | QF=0.11 GeV’ Q' =0.15GeV: | QF=0.20 GeV? e
L5 - r o I 1.5
1 1
05 0.5
- - - -
0 R e
= Q' =030GeV: | Q' =040GeV | Q'=0.50GeV' | Q°=0.65 GeV’ AL
1.5 - - - - 1.5
1 1
0.5 . = T 0.5
i Iu....-‘.:r:. . S
u 1
=) Q' z090GeV' | @ =130GeV" | Q'=190GeV' | Q=270 Gev’ e 0
L5 - - u r 1.5
1 \ | 1
05 * " A 2
] - —— 0.5
u J
= Q =350 Gev' | QF=4.50 GeV® s ZEUS BPT9T B 0
15 - L - m ZEUS SYVTX95 1.5
_ \ s ZEUS 96.97 :
' 4 + BCDMS
1 L Y E665 1
NN © SLAC
i & NMC
0.5 “’-“.\ h o ZEUSFPCoggy 05
o \ ZEUS-S QCD Fit
-4 -4 ZEUS Regeed7 0
10 10 ALLM97

e —
Q' = 85GeV: | Q° = 10.0 Gev' | Q'= 120GeV’ | Q' =150 GeV’
. Y - [ - - t
Y \
%
%
Q'= 18.0GeV’ | Q= 220GeV’ | Q'= 27.0GeV’ | Q' = 35.0GeV’
F 4 o i r !1 - b
) ]
& 4 A A
‘h.\ ‘i‘ ’ '\.‘
\\t \K\ .\ \\ i‘k\‘
Q= 450 Gev' | Q'= 60,0GeV: | Q= 70.0GeV' | Q' = 90.0 GeV
L L - 4 - & I
I_I & X "
\ 3& \ \
kY b '

-

Q= 120,0 GeV’

%
4

\

Q' = 200.0 GeV?

.‘.
i
1

iy

N

10

10

Ed

m FEUS SVTX95

& ZEUS 96-97

= BCDMS
E665

@ SLAC

© NMC

o ZEUS FPC98-99
ZEUS-5 QCD Fit

ALLM97

Heuijin Lim
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F, slopes : dF,/dIn(1/x) at fixed Q?

Q% =27.00 GeV* i
1.6 * 1 Q*=120.00 GeV?
é H

L4 Q'=10.00 GeV’ y ._g Py

2 2 L
12 Q=3.50GeVF % &

. L t"x. % s .
K‘% L%
+ N, ke

Q> =0.65 GeV? :

0.6 F g Mt

T"‘-.!‘ '._.‘ -g* é

0.4/ Q*=0.30 GeV> ey @ %ﬁi’-
‘0’-.‘_.__“_ lql‘:lﬂﬂﬂ._i

* Rise of F, with x increases with Q2.

< 05
0.45

0.35 -

03 F

0.25

0.2 F

0.15 -

0.05 -

=>» Quantify this behaviour from the

slope dF,/dIn(1/x)=\

=2>Fit F,(x,Q*)=C(Q? x ** to the

data with x<0.01 in bins of Q2.

Heuijin Lim

04 F

0.1 |-

A AAA A4 A A A A AN A AAAADAA A A AA A AA A

- SSSS§S§ §55 §S§SSSSS§SS8s§ss
AT P 0 A AR B AR A 7

3 el +

ZEUS-S QCD Fit
—  ZEUS Regge97
® ZEUS 96-97|’, FPC 98-99, BPT 97 and Fixed target

1 10 1I]2

Q* (GeV?)

* For Q> > 2.7 GeV?, A increases ~ InQ? .
* For Q> < 0.6 GeV?, A ~ 0.1 is consistent
with the prediction of soft Pomeron.

Fermilab, July 19, 2005



Fz-logm(x)

ZEUS

F, slopes :

dF,/dlog,,(Q?) at fixed x.

* Scaling violations are observed,
which decrease as x increases.

LW = ISE06 =X
6 210Gev .,-"/ o T » ZEUS SVTX95
L P e ZEUS BPTY7
"., C aomo A ZEUS 96-97
| AN L s O ZEUS FPC 9899
1w Gev A % BCDMS
5 o Y £ YF 000 O E665
| Y AE }' 10008 & NMC
85 GeV s~ A NE i
4 Ei‘f o ¥ opo1a
F / \ & ¥
o . !
50 GeV & g /F %, J':‘Af .l' oozl
4 A A I
et 2.';. 15‘1 A
- ayir & - 0,0032
i v # ": ‘5,‘" “‘1
30 GeV YAl . 0.008
:c’q’ . A ;.JD‘:}“" .-i'f‘ ;
| d ’ - & D008
14GeV anb"no._-..‘_oﬂ “‘9.‘9 i
:'t | ¢’a..ﬂfn < ) Pe h g R 0013
' LI g #2° S -+ “‘"‘.. U
Y Ny
o syt 0.021

| W S
2| wi!l bio a‘l..

.

40. i ‘u"‘@;n:la .l~l‘]\
000MN.§ LBy

T [ R T It 1 :.‘5 l-_{ 008

- Const x ”‘M- ;
. P -
1 Const W g aaaae
| 3 2
R S —
10 10 1 10 10

Heuijin Lim

s . 065
? 10 3 lﬂd 10 .
2 2
Q” (GeV))
Fermilab, July 19, 2005

. "-"‘.I".'{ o {
gk i { 0.18
TN S @ N T

w g 4{ 0032

: 005

0.13

=>» Quantify it via the slope

dF,/ d10g1o(Q2)

=2 Fit F,(x,Q%) = A(x) +
B(x)log,,(Q»)+C(x)(log,,(Q?))*
to the data in bins of x.

* In order to make the transition
region more visible,

=>dF,/dlog,,(Q?) at fixed Q?
=>dF,/dlog,,(Q?) at fixed W




dF, / dlog,(Q")

dF, / dlog,(Q?)

—

0.9

0.8

0.7

0.6

0.5

04

0.3

0.2

1.2

0.8

0.6

04

0.2

o Q'=0.3GeV?
B Q’=0.75GeV’
4 Q'=1.9GeV?
Q?=4.8 GeV?
o Q=12 GeV?
Q% =[30 GeV?

dF,/dlog,,(Q?%)

00—

-5
10

4,4
.
0

-4
10

10

® W=14GeV
m W=30GeV
A W=50GeV
W =85 GeV
o W =130 GeVY
| W =210 GeV

0! 1

10

1
Q? (GeVH I

» dF,/dlog(Q?) at fixed Q?

The strong rise with x becomes steeper as

Q? increases.
* dF,/dlog(Q?) at fixed W

v’ Transition at Q2 (or at x) is observed.

=» This observation reflects the fact that
for low Q?, the sea quark continues to rise

as x — 0, whereas the rise of the gluon
distribution becomes less steep or may even

tend to zero.

N)‘"\
o 12 ® W=14GeV
= * ® W=30GeV
&0 + + 4 W=350GeV
S 1 k‘ o W =85 GeV
= & 43“ o W =130 GeV
s ¢ "9 W =210 GeV
h a Q.
Fu ¢ ‘»
0“
0.6 ?
A ot A
0.4 i . A
4 [ ]
. ‘.‘ §
0.2 # g
H
R
= @
10 107 w0 10” 10?



I — |

— Summary

- Diffraction in DIS |

v Indication for Regge factorisation breaking seen in
=>»Q? dependence of o4 (0)
=»Q? dependence of x,F,P® for fixed B and fixed xp
v’ Diffractive contrlbutlon of the total cross section

i My <2 GeV : Higher M
..... cdlff/cst‘"DecreasmngthWConstanththW
€ o dlff(O) No Q? dependence Q? dependence
e SOft Pomeron ¢ Breaking of single Pomeron exchange
odiff/gtot i Decreasing with Q° : Constant with Q?

€ Q2 odiff Higher twist behaviour Leading twist behaviour

v’ Diffraction shows evidence for pQCD evolution with Q? as x,, = 0 or 3 = 0.
v" Data can be described by color dipole model (BEKW, GBW, FS04, CGC ...... ).

* Phenomenology of F, |
v’ Slopes of F,, dInF,/dIn(1/x) = A and dF,/dlog,,(Q?) are determined using ZEUS
and the fixed target experiments.
v" Study shows a clear change in the transition between photoproduction and DIS.

Heuijin Lim Fermilab, July 19, 2005
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B |
Distributions of InM,?

----- Fit(c exp(b InM,, %)) ~—— Fit(D + ¢ exp(b InM, %))
DJANGOH "] SATRAP+ZEUSVM+SANG(M <23 GeV) = (ZEUS 98-99) - PYTHIA - SANG(M, > 2.3 GeV)
W=37-55 55-74 74-99 99 - 134 134 - 164 164 - 200 200 - 245 GeV

2 3

5 o

o -

= "
~
w;
«'.
Lo
.
=
™
-
=
~
=
™
g
=
~
=
w

1
§
]

~
=4
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. Proton structure function, F,(x,Q?)

ZEUS

Q% =14.0 GeV’ Q' =27.0 GeV’

Q’ = 55.0 GeV’

w* 107 110t 107 1

X X

— ZEUS QCD fit (ZEUS-S)
e ZEUS 98-99

0wt 10?

with Y, =1+ (1-y)’

2 e 2
dc°? 2na

dxdQ?  xQ*

Y [&]-y2F +Y xE]

Dominant contribution T
Sizeable only at high y
Contribution important at high Q2> 1000 GeV?

* Good agreement with ZEUS QCD
fit obtained from the previous ZEUS
F, measurements.

Heuijin Lim

19, 2005
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— Colour Glass Condensate (CGC)

Golec-Biernat, Wiisthoff, Bartels, Kowalski, Teaney, Gotsman, Levin,

° Colour - Lublinsky, Maor, Tuchin, McLerran, Mueller, lancu, Itakura, Munier ......

gluons have “Colour” ln QCD E. Iancu, K. Itakura, S. Munier = hep-ph/0310338
e Glass : Non-linear Linear

O 4+—>
2

the fields evolve very slowly : T Q% Qs (x)

with respect to the natural time | ~ 10+ i y - gfz Qsx) A2 ~ 50 GeV?2

scale and are disordered. , CGC /9%¢m

i 1

« Condensate : 10" | FreBREL * DGLAP- In(Q?)

parton gas but not In(1/x)
DGLAP .BFKL - In(1/x)
but “fixed” Q?

It’s a dense matter of gluons

> Very high density ~l/a. | ~'"
Interactions prevent more : :
gluon occupation. T vicos )

non-perturbative

. . , 1
Develop Goles:-Blemat, Wiisthoff model : dipole (%71 ) =0 {1 _ exp{— " 7 Q3 (x)}}
v Saturation : Gy . 2 G as TL>

v Good fit to’the old HERA data for x < 10'2.' 2 Qg (x) = 1GeV? (XO/X)x
But, doesn’t work for new HERA data at high Q-
=» Adding DGLAP evol. at high Q? (small r._ ) =¥ Saturation for Q? < Q2(x)
=>» Adding impact parameter, b dependence =» BFKL dynamics in Q*<Q*(x)/A? =

Heuijin Lim Fermilab, July 19, 2005




CGC 11 — Saturation model with DGLAF —

By adding DGALP evolution at high Q2 (small r_.)

xG(x, %)

2 2
o 1 expd s () o
csdipole (X’ Iy ) =0y CXp ry
Gy
H1 + ZEUS
full ZEUS open H1
[Thy o-2.7 =45

b b o b
‘{W\zﬁ :K;m Okz\oo d‘xi:‘:ﬂ

'- N - N -
.Q- . ’.. -

L) ‘e s 0]

o aal. i ol aml al . - aal aml . -] . aml . . a
w* 10’ 0 w7 w0 1w’ 10 w?

Heuijin Lim

Fermilab, July 19, 20

G (ub) (scaled)
=]

Bartels, Golec-Biernat, Kowalski

= PRD66(02)014001

¥ Hi 86-97
A JEUS 06-97
* JEUS BPT 97

—— Satur=Mod with evol

[ Q7 (GeV?)
(scale)

- 020 E:’os
0.25 3.1

030 (2.4)

0.40 (1.8)
L 0.50(1.4)

T 065(1.1)

- 20(1.9)
2.5(1.3)
[ 27(1.1)
35(1)
- 4.5(1)
T B.5(1)
-2100)
0.1}
12.(1
[ 15.}1;
- 2000 (1)

27.(1
35.(1)
- 45.(1
- 801
" 70.(1)
" 90, (1)

1200 (1)

- 1500 (1)

saaasl e
10°

W (GeV®)



— CGC 11I-Saturati

~ 2

@F=25

Al @011 ", @7=0.15 Q=02 @=025 | 0=0.3
. \\‘
L2 -
\l\n‘e
|
U-Ii c-: ,c-‘ ,G-i ,G-Z

¥ ZEUS 1996 low Q°
H1 1996 X 1.05

® JEUS 1996

Heuijin Lim

CGC with Ng=0.7 ond m, =140 MeV
BFKL without soturotion

on and BFKL

@=20

Iancu, Itakura, Munier
— hep-ph/0310338

Q=27 Q*=45
r
|
| , __
| | a=ro =90 o
[+]
I
| L
| . i .
| O*=200 - =250 - Q*=380 L]
R ' 10 16 1t o’

O H1 1996 X 1.05
® 7EUS 1996

CGC with Np=0.7 and m =140 MeV
BFKL without scturction

DGLAP regime

Fermilab, Jul

19, 2005



- Diffractive hard scattering factorisation

[Collins (1998); Trentadue, Veneziano (1994); Berera, Soper (1996)...]
D, 6 * D 2 ~ 2

Diffractive parton distribution function Universal partonic cross section

£, (2,Q%xp,t) : Probability to find in a proton, with a probe of resolution Q?, parton i
with momentum fraction z, under the condition that the proton remains intact and
emerges with small energy loss, x,,, and momentum transfer, t.

ZEUS NLO QCD fits

» Perform fit to the results of x;,F,P® with x;; < 0.01 and Q?>>2 GeV?
» Assume the Regge factorisation using Donnachie and Landshoff Pomeron flux
b t
D(3 2 IP 2 C
BVB.Q7 xp) = fp(xp) B B.QY)  fp(xpp) o [y dt
X1p

* Parametrise PDFs(quark flavour singlet and gluon) using zf(z) = (a,+a,z+a,z?)(1-z)*
v’ For light quark distribution, assuming y=d=s=u=d =5
v' Charm quarks were treated in Thorne-Roberts variable flavor number (TRVFEN)
scheme with m =1.45 GeV.

* NLO evolution : QCDNUM

Heuijin Lim Fermilab, July 19, 2005



T ——
e NLO QCD fit on LPS+charm data

ZEUS
_ 3=0.007 B=0.03 B=0.13 (=048
8 oost_ ] . e
l'a; et g ‘I"u_i/ 00005 o QCD fit describes data with
o O ‘ 2Indf = 37.8/36

v % omentum carried by gluons
| .. ZEUSat Q*=2 GeV?

| / 1 ] ’ _
5 :
: o 82 + 8(stat.) " (syst.)%

] "y./ - v oo
' '  Fraction of the t-channel
W*-'l'—-
J—-—"""4

2 2
Q° (GeV")
| T T
éﬂn 0.01 1 002F o 7REUS 98-00
&
g szﬁﬁvib\ eyl NG
X K x,,=0.00:4
. 0 -3“’ 2 -1 0 = 2 1
a 10 10 10 10 10 10
fat j T T T fd B T
e os} 050 ZEUS 97,98-00
'S Q=4 GeV? Q’=25 GeV?
a xpp=0.004 xpp=0.004
E 0 1 i 0 1
=N 0” 10?2 0 0° 107 107
B B

Heuijin Lim Fermilab, July 19, 2005



g Ditfractive parton distribution functions (OPDE)

DISO05, A. Levy.
ZEUS FPC ZEUS LPS H1

L]

I z z I

Q=3 GeV® Iligtln Q=3 GeV® Q° =3 GeV* Iligtlij Q’ =3 GeV’ Q' =36V [, |Q°=3GeV’

L 10 1.5

} IZIF aif) IZH aik) ¥ st

2 - 1k L]

e ia 05 o8 1 3 5 e ha 08 08 e 3 3 S T T BT R
B0 10 10 i B0 10 10 i i

o =15 Gev* Q° =15 GeV* Q* =15 GeV* Q* =15 GeV* Q* =15 GeV*

0.5

3L 10 1.5 3
1
2 2
1
1 5 1
I T : [T i T R R T [ 10" \ ol T
0.2 04 06 08 B 1[' 10“’ 10" B 0.2 04 06 0B B 10" 10" 107 B l'l..! M l'l..! l'!..l
Q° = 50 GeV® Q* = 50 GeV® Q° = 50 GeV’ Q= 50 GeV’ Q° = 50 GeV’
3k 10 1.5 3,
1E
2 1 2
1 -
T os \ |
§
1 1 'l VI L 'l 'l 'l
o 0.2 04 06 08 B “qln" 10 46" B u 0.2 04 06 08 B lmiu 10* 0™ B u l.'l..! M l.'l..! l.'!..l 10;5 10* 0"

Q' = 100 GeV’ Q* = 100 GeV’ Q* =100 GeV’ Q' =100 GeV’ Q* =100 GeV’ Q' =100 GeV’

3l 10}
|
2+
1l
1

R ¥ R Y Rl e e peee
P T T

10 1.5

Ol o 3 [ Trad . 10’ i unl L aanal i1 daun
02 04 06 08 5 g0 100 100 g 62 04 0.6 08
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@HLNLO QCD fit to ZEUS M, data {GQZ
e

z ¥(z,Q%)

P. Newman and P. Schilling

Zq=B
NLO QCD fits to H1 and ZEUS data PDF }' My
Singlet tg s Gluon [Gze‘\fz] Xip
> - 6.5 P ~ .
N
 Perform the H1 2002 NLO fit to
ZEUS M, data.
15 * ZEUS M data scaled to
M, < 1.6 GeV
* No Reggeon contribution
needed.
90 < Singlet similar at low Q?,

10 10 10 10
Z Z
B NLO fit to ZEUS Mx (exp. error)
—— H1 2002 NLO fit (prel.)
----- (exp. error)
----- (exp.+theor. error)

evolving differently to higher Q?
due to coupling to gluon.

« Significant difference between
diffractive gluon densities from
H1 and ZEUS M.

Heuijin Lim Fermilab, July 19, 2005



s Comparison H1 LRG with

HERA Diffractive Structure Function
— H1 2002 NLO fit (prel.)

« H1(LRG, prel.)
+ ZEUS (Mx)
NLO fit to ZEUS (Mx)

p=0.01 f=0.04

|
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p=0.2

]

1]
(=]
i

L.

6.5

8.5

Jacl .

A X

N

0|/

e (A (K0 E

&l O Al 4

Vil aaV ) ) &l )l

ok
o
o

én

sy
[=]
-
o*
-
uu
sy
=
-
[=)
jry
o
sy
ou
ry
nm
sy
oW
—_
o
—
o
sy
o
-
=U|
s
=
-
nw

T TG ———
ZEUS My, data

P. Newman and P. Schilling
Qz
[GeV?]

25

3.5

* Reggeon contribution in H1 LRG
data.
* Difference in data at high 3 (low
M) region.
* Smaller positive scaling violation
in ZEUS M, data

—> Leading to smaller gluon

15

25

60

Heuijin Lim
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wuComparison H1 LRG (94) with ZEUS My data

=0.2 B=04  PB=0:65  B=0.9
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0.05 - + + 1& L -+ E NE
w ol i,

”» ¢

fl

F

7
G

g

x-‘-ﬂ-ﬁ
£

'E-:'-i-o—i—

1

]

|

v

12 GeV?

AR AT
T R N




. T
— MRW (Martin, Ryskin, Watt) fit - 1

D(3) Y C, ® EPJC 37 (2004) 285, Thanks to G. Watt!
= 2,a a’ HERA-LHC workshop . 1998/99 ZEUS M, data ~ [ovoeon™
’ Diffractive PDFS aDzqu or ZgD — “pQCD" fit (all contributions) __ T[;T:;4cc::::1bmmﬂb Q% (Gev?)
P =0.007 [ =0.022 i =0.070 fp=0231
DB3) _ =D@B) D(3) D(3),cc D(3) D(3) °o i - ' .
F2 - F2,pert + F twa T F 2,direct + FZ ,non—pert. + F2 IR o
QCD Pomeron — Soft Pomeron =<} ~ "=*p P ReARE o RR0d
2 |
Regge factorisation with a,;,%%(0)=1.08 : )
D 2t du’ N
apert_(xlpazaQ )= ,[ H flp( s M )a (ZQ s 1 ) . _ _ - \*;;i
Evolving using NLO DGLAP .._.‘_____‘_____‘__‘__-_;___“ N
0:5:\ w P =032 ) --|3=D:E-I:I-a'l- . |3=o.859
5aD as 2 I e o + . =
Z P, ® a aIp (Z)flp (x P> Q) s e T M e Reeien Ly
aan 27[ a'=q,g %07 10° 10° 10° 00 107 10° 10° 10° 10° 10° 107
Extra inhomogencous term = leading to more rapid evolution X;p

Heuijin Lim Fermilab, Jul
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113 9
Regge” approach
Diffractive quark singlet distribution Diffractive gluon distribution
T 200 T T
Ll Q =65GeV" 7 Q’ =65GeV’
" — "Regge” fit to ZEUS LPS K b
60 —.... "Regge"fitto ZEUS M, ] s . s
- — = "Regge"fitto HI (prel.) £ ] TR I\
7o) 100~ *-.. 7T
o~ 40 e SS00aEES 7
o - st Mg ThaN_sT
< tee ....-_'___’/ Y N i . 1
of 20— ol i
(= (=]
S 3
(=] [=] | .
1] (0] ] 0 f :IHH:I e
><E 80 N x& h ) 1
o= == N, Q =90GeV 1
2 = 300 —
60 f= )
200 —
40
e
1 L L1l Ik 1 L L1l 11 1111 Il L2 \}
0 0
0.01 0.1 1 0.01 0.1 1

=» Similar way like the HI NLO QCD fit.
* Different shapes comparing with the

Z

parton distributions from H1/ZEUS
NLO QCD fit.

25°(x,, = 0,003,z Q)

|
MRW fit - 11

G. Watt’s HERA-LHC workshop

113 D)
pQCD” approach
Diffractive quark singlet distribution Diffractive gluon distribution
T 200 —
i Q =65GevV’ ] X ‘Q2=6.5 GeV’
" — "pQCD" fit to ZEUS LPS So e
60— -... "pQCD"fitto ZEUS M, — SO
| — — pQCD" fitio HI (prel) . \‘.Q.
s =+ MRW 2004 fit Py 100 |~ Y -
40— AN "
_\'--._ e ':'\\ O'
Ee  ~r—m T A <
0T > ™\ |
L 3 N3
| =]
O HHHHi— R
B0, Q' =90GeV 12
\\\ 4 Ten
60 — \\\ ] b
N |
40 - =
Ay
Ry
20— k-
0 1 I\II\II 1 L1 1111 0 1 1 \II\II“ 1 1 \“I‘IA
0.01 0.1 1 0.01 0.1 1
z Z

= QCD Pomeron + Soft Pomeron
* Parton distributions from ZEUS
LPS, ZEUS M,, and H1 are similar.

DPDFS are affected by the initial conditions, assumptions and models.
—> The reason of “gP(H1) > gP(ZEUS M,)” might be related to “theory used”.
Fermilab, July 19, 2005
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CDF data vs H1 / ZEUS PDFs

—
4 . :
FJ[J) PB)= B|:g([3 )+ 9 q(B )} from diffractive PDF and IR p
hard
= scattering
a2 B e cr
= 0r by 2002 .0 QCD Fit (prel.) - Em

F——  QCDfit to ZEUS 97 data

» Compare data with QCD predictions based
on PDFs extracted from NLO DGLAP fits

- QCD factorization breaks in pPp hard
scattering.

— Rapidity gap ‘survival probability’ due to
multi-Pomeron exchange in PP
( Kaidalov, Khoze, Martin, Ryskin )
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s Reggeon and pion contributions in diffraction

K. Golec-Biernat, J. Kwiecinski and A. Szczurek, Phys. Rev. D56 (1997) 3955.
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DISO05, A. Levy.
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s High Q2 charged current diffractive events |

Probe diffractive process via weak
interactions: ¢'p =2 v

dodiff/dB / pb

Wp 2> vXY

Xp
\ ; Y
42
Py ® H1 Preliminary
18F —— H1 fit 2002
6 L e Meson
14F ,
Lof——— Q?>200.0, y<0.9, x,,<0.05
n=s
0.8F
0.6 . i
0.4F T |
] SORSS—— #
T R H S A Y DU S
83 0.4 0.5 0.6 0.7 0.8 0.9 1

X

ZEUS
I I I I
® ZEUS (prel) 99-00 NC x, <0.05
1 © ZEUS (prel) 9900 CC x,,<0.05 -

=
=
=]

=

=

&
I

(5p<0.05) /G,y ot
= =
E &

e P7*e (VIXY
b =
=]
T
T T
™
At
—+a
1 1

+

g+
=
=
| %]
T T
+—eo—
1

=

=

—
1

0 i i i 1 i 1
500 1000 1500 2000

0% (GeV?H)
Ratio of LRG to inclusive CC cross section :
ZEUS : 6¢¢, ;/0¢C. =2.91+1.2(stat.)=0.8(sys.)%
H1  : 6% ;5/0¢%,.=2.510.8(stat.)£0.6(sys.)%

—> Results are in good agreement.

—> Diffractive PDFs from H1 LO QCD fit
describe LRG CC cross sections.

Heuijin Lim
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T ———
— ALLM97 parametrisation

Abramowicz and Levy
® zEus 5WC 0 EBES gge) ) —> hep-ph/9712415
¥ low energy yp [ BCDMS D
; o .._——--"""_:".'_li_- ) 2
2 M-mwm——j""'"_""j_'... o eeees ] 2 Q IP 2 IR 2
el T C ExQ)=—7F""—7F xQ)+E (xQ7))
- 0.3 . Q2 + M2
065 1 g o, b 0
o, 1 ‘] P 2 op (t byp (t
QJ"H A d .: iy -,\r'?> . F2 (X, Q ) — CIP (t)X I}I)P( ) (1 - X) IP( )
= b P, .-":‘L ?A ot W IR 2 (XIR (t) bIR (t)
10 6.5 '““" F2 (XB Q ) = CIR (t)X IR (1 - X)
_(__ﬂ_,:zé-"“-" -*fﬁ-*rr-.#.ﬂ--gd-%.ﬂ'ﬁf 5 E
yed T 2 2
g B-E- sy +
/ . e = Sy - ln Q QO 1 W2_M2
3 g gt t=1In gz ; =1+ 2
3 p 2
o ) pade In AT X1p,IR Q +MIP,IR
;\" /A w0 e
© C e '
[a) fj . .
,. ¢ w11 » Regge motivated approach
Fi - . .
1 4 w » 23 free parameters were determined from
10 / o oA 1F a fit to the data.
f‘rff 650 i=2all ¢ 9 HERA 94-95 data
? om0 - SLAC, BCDMS, E665, NMC
] / *‘ j =% e y2/ndf = 0.98
10 - :
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ZEUS 1997

e ZEUSBPT 1997

4 ZEUSSVX 1995

102

10

10

s H1SVX 1995
O H1199%4

ZEUS QCD fit

ZEUS 1994 ZEUS Reggefit

§ b 9_343--{.5— Shonten {9,
G

$df‘t,$— —B_I_Q--ﬁi—‘f“]o.._.,l%"i

2 -
10 10 1 10 Qz (GeVQ)

ZEUS Regge 97 y

—

ZEUS Coll. & Phys. Lett. B 487, 53 (2000)

2 2
Q . M; .
2 2 2

+Ap

E,(x,Q%) =

G’IP _1

» Based on the combination of
1. a simplified version of the generalized
vector meson dominance model for the
description of the Q? dependence.
2. Regge theory for the description of the
x dependence of F,.
* Fit to F2(ZEUS BPT 1997 with
0.04<Q?<0.74 GeV?, 5.3-107 <x<1.6-10-3)
2 A, O, Agp, Opp, M

Heuijin Lim
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HERA-II (2003-2007) - polarisation

‘

__Longitudinal
“Polarimeter

Spin Rotator Spin Rotator

Spin Rotator

A 2
.-in Rotator

3 .in Rotator

Transverse
Polarimeter

..Bl'ziil;l

e 4—"’:’ 3 Directiol

HERA

[,

* Transverse polarisation of leptons
builds up naturally.

* Spin rotators convert to longitudinal
polarisation

» Measured by two independent
Compton polarimeters.

» Luminosity weighted average
polarisations of -40 % and +32 %.

Heuijin Lim

Spin Rut

Polarisation | % |

Polarisation | % |

Polarisation | % |

Average HERA polarisation
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ﬁ
ﬂ'ggtral current DIS cross section

2 5NC( = G il 1}}2 - ~\ 2
d dxd(ézp) = J,;QGi Y+[F2_’—FL+Y—JCF3] Y.=1x(1-y)

T ¥ E
Dominant contribution T

Sizeable only at high y

Contribution only important at high Q¢

s}
2 1 e Qz Ay 93 = = .
- : oC
ﬁz 1'*2 58 Q*+M; 112 +|:Qz+,-w§:| 112 E;(C}+£})

g=u...b

2
. )2 . )2 = . .
xk, = g~ +[ - ] ks o E(f}—f})
3 g M5 0" +M; :

g=u..b

Heuijin Lim

19, 2005
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&garged current DIS cross section

CC: ee+po>v,(v,)+X

! /
\-}\X(p) s section:

7 GE, + 2 2 2
ot G (2 V(e )]

dvd0? dx Mﬁ, i

CC e p cross section:

d 21}‘{'_( (¢ g (}f— a'kf.li 2 l 2 E .
' = ' u+c+ -y +5 ]

d.m’Qz 4 Mﬁ; +Q2 [ ( J’) ( )
Electron/positron-proton collisions probe different quark content of proton

Big difference in cross section magnitude

Cross sections suppressed due to large mass of W boson compared to NC DIS

Heuijin Lim Fermilab, July 19, 2005
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— Polarised DIS cross sections
NC cross section modified by P:
Ny-N;

d’o(ep) _ Caa ® + -
dxdQ? - xQ* I:I:U e PHP] P b iy

Unpolarised contribution

Polarised contribution - only includes Z and yZ terms

Polarised contribution only significant at high Q? - subtle effect at HERA
CC cross section modified by P:
£ p . . #op
Polarisation scales P=0 cross section linearly - clear and large effect at HERA

This page could be merged with the next two page!
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— Spin-dependent CC cross section

—~ 160

=

&

o 140

-

d.)

&

o 120

=

(|

" 100

=/

8

o 80
60
40
20
0

ZEUS

1]

® ZEUS CC (prel.) 04-05 ¢ p (41.7 |1IJ"]
B ZEUS CC 98-99 ¢ p (P=0)

= SMe p(ZEUS-8)

0 ZEUS CC (prel.) 03-04 o+|1 (30.5 |1IJ"]
O ZEUS CC 99-00 ¢'p (P=0)
SM ¢'p (ZEUS-S)

nr

b
L]
III|III|III|II\I|III|III|III|II

1

-0.6 -04 -0.2 0

02 04 06 038

1

P

 For e p scattering,
No hint of RH CC o(P=-1) =0

 For e"p scattering,
No hint of RH CC o(P=+1) =0

* Can test spin-dependent part of
SM.

Heuijin Lim
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— Spin-dependent NC cross section
ZEUS

T 10
S 1
2 o
= 10
o 107
g 10°
< 10 ®  ZEUSNC (prel.) 04-05 e (8.4pb7

10° SM(ZEUS-8) P=+29.2% %

10° — —

10 10 Qz(GeVJ} . ' o
* Consistent with SM prediction

3
L) . . .
5 » Ratio of polarised cross sections,
5 0¢P(P=+29 %)/0%P (P=—25.9 %)
o . .o .o
< *  ZEUSNG (prel) 05 6p (45.1pb") —> Precision statistically limited

b e . - Not yet conclusive observation of effect
3 4 . . . . .
10 10" g7gevy)  of longitudinal polarisation on cross sections.

S p5C. ® ZEUSNC (prel) 04-05 & p E
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g 2= E
5 15c =
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— Kinematic range including LHC

LHC parton Kinematics

9

10
X, = (M/14 TeV) exp(=y)

1.2

10° Q=M M=10TeV

10

10°

10 M = 100 GeV

y= 6

10° .
M = 10 GeV

|33 ]

107 10° 10° 10 10 10° 10" 10"
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|
Shaper for FPC FEC

Gain Setup I 12p

—_—

%[ﬁ

High gain

D|fferent|ator 1st order 10k Vb 15p I

1k
3.9k
Low gain 6 10k _:}—1 out
[ 43k 43k
Op T o ]
IN — - 100n 10p

80p
1
15n 390 > ouT LOAD
}z—jfm * 330 330 | CO—
100n| 47

V\ Integrator B_I'_'i:!ﬁed 10k
filter
To remove
|Charge injection H the low frequency T Analo
NJ To remove PIPE-LIF?IE
J_ the high frequency
(For test) 22p —
VME . .
Specification
1K H Optional ~ » Amplifying and shaping the signal
100k 20pF+0.5-2.5pF . . .

= * 4 layer printed circuit board (PCB)

Heuijin Lim

—> hybrid circuit
BFR92 = Components of SMD (Surface Mounted Device)
are placed on one side of board.
 Output voltage range : +0.5V ~ -3.0V

- » Max. input pulse rate : 100kHz

Fermilab, July 19, 2005 (



— Diagram of Pile-up Rejection Card

The generation of pulse which has 20 % of the I 125V
previous pulse peak and is delayed ==

o =
For Trigger Sum Card ‘ l l

T Op-amp Threshold Voltage
AMM
o e > Bf)ﬁ@g
. Comparator Line Driver = =
WV '
60m Twist—pair Cables To Rucksack
ULLACECELFEERREERARE s p
)JJ \X — Altera EPM 7128 \ )\)OCQ
: Pilell.P 2 GFLT

{7

Line Receiver Re-le':t!on
Logic
[TTEATETITETT

_P_q_@>’" ut signal P LN S RO P

‘ For Trigger Splitter ‘

| Clock I 96ns

| Pile-up Rejection Logic |
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paSignals from PRC as seen by an oscilloscope

23:00:53 23:02:18
! . 1 t
1 ps ‘ 1 ps ‘ r
50 my - 50 mJ - m’..”—“.-' e s B LR Y .
2 2 — Input signal
1 ps ‘ A ps ‘ 1
108 my 58 my
‘v‘m :
s, e \"‘W"" S
Generated threshold
.1 ps .1 ps
150 my 59 160 ml @0
16-0ct-98 16-0ct-98
23:00:16 23:03:24
1 I T T T 1T 1 1
1 ps
Som ‘ / “an \., Generated thershold S0 ‘ e ———— |
. " , 2  Input s1gnal
190y : 0.50 v
i N
, -
- | Amplified signal 1 h i AR S I i i ey
.-wWJ Wv, ey UL _ Olltpllt of line driver
.1 ps .1 ps
1 5a0 03 S 15000 500 M5/s
. 250 OC 1 00830
1o 00§ L 2 0co2sam - n L f o et
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PRC : Logic Card Design

Input signal ©I D-FF @ »\D-FF ©; D-FF @;
g To

Synchronization
Board

ook }—gms * Discrimination
e St ~, the time gap : ONE or TWO clock
® [ ] 1 * Using Altera EPM 7128
? S e Procedure :

®_—§_\ 1] (1 Input signal
L B (2) After synchronized
°__ I—I FJ (3 After one clock delay
@J ‘| ] (@) After two clock delay
o B (& 2 AND 3
® L_\ IR to check the pile-up due to the
e pap e censacaive s'g"alj%"fs ’ incoming signal after one clock.
o e — ® @ AND @
o |—‘ ] to check the pile-up due to the
\_ e I~ ) incoming signal after two clock.
v @ (& OR (® sending to GFLT.

The Output which has pileup event,
is delayed as long as 96ns.




Parton distribution from the ZEUS-S NLO QCD fit

Phys. Review D67, 012007(2003)
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7 e =
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0 0
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