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chk/llwdlyn. Swmith DESY 77/33 Pr@@fﬂh‘an for (HEEP , HERA

Any new facility should give access to a large unexplored kinematical region
with sufficient luminosity to investigate what now seem to be the most pro-
found problems in particle physics. With an electron—proton colliding beam

facility one can attack questions such as:
— What is the structure of the weak interaction ?

- What mechanism, if any, will damp the rising weak cross section
at high energy ?
L4 - + -
~ Do the intermediate vector bosons — W~ and Z° — exist ?

— How will the neutral current affect the scattering of charged leptons ?

— Are the weak and electromagnetic interactions different manifestations

of a single force ?

~ To what extent does the point-like behaviour of hadrons revealed by

deep inelastic v, u and e experiments persist at higher energies ?

- Do scaling violations have the characteristic features expected if

the strong interactions are described by a gauge theory ?
- Are there additional heavy leptons ?
~  Are there further hadronic degrees of freedom beyond charm ?
Most of Hhese questions were answered when HERA was opproved ,



HERA T
2004 - 200% (LA ~ 1£52L Ep % 200 1TeV.

nNow mackine , upqrtded detechys, whatsrs At

fm‘gk pnw\'sior\, Gross- Seehlon measuremadts to -4-42

8ds < (B, pq  m0.0040 ds= &

FL in oxtonder x yomge o 5-p°L | Fyb F-C-8 Sr's
Fo (%,8%) 4 5-40%

chargd curcads : Ov/uy bohighx , 1h.cc @

elechoweak (NC) Shuchce fmechons x B

X6y @-9)
RY -6 PV
Compet Rve Searches Gﬂrsld‘
HERAIT 2
2002 - 2022

deutecons ‘F&r MHA{Q:, Padnns o Low X, h,p‘h‘ga‘b}_’
nicle. . saturahon enhamced by A'lz

Spin pl\\/&'c.’o at low(e) x and high () Rz .

4 4 A'w/o snake
asymme u
Symmelvy €. Shkeinsky



X

5. low x

|

@2/sy

Z 10

']le 822, 1 GeV/~



14 |

0.2

\\ Lﬂwx P kYS('CS

12 |

0.8 |
0.6 |

0.4

 h
N
N\
q \ F
\
\2e
\
\
\\\ e HI1, ZEUS 1996/97
A NMC, BCDMS, E665
—— NLO QCD Fit
Q*=156Gev* Y . Regge Fit (ZEUS) -4
&h™ 20pb
f
47 | ! Q*=650 GeV?
Q*=3.5 GeV? Yy
i
Q*=0.25 GeV? Aﬂt" \ .
[#%%eee, Q’Nﬂv. it ‘i‘\

" 10 107 10~ 10~ <

o waf\\,y@ Xﬂio-g W&v%wﬂjmpl\y

oLHC



10 -

DGLAP , NLD (HS), heavy flavour (ub) GCD analysis

of Hi ep (and BCONS op)

— —

data.

3% |redsion
IGADUC et . H1 96-97 preliminary]

(x 1.3)
."‘- .
. & x=0.008
i 1)
: ‘__.’+- /
4 4
1 L 1 1 1 L1 1 l 1 1 L 1 1 b l. L 1 i 1 1

x=5E-05

(x46) o o * H1 96-97 low x prell
/‘" - (x3%)
=0.00013 o i o
¢ ‘ A ¥ (x 25) H1 94-97 high Q

I — Fit (H1)

b /
tows - Fit (H1+BCDMS)
.f" T (x8)
. x=0.0008
¢_.“'. (x5.5)
) _ . x=0.0013
' ‘ (x3.8)
."-' .
e x=0.002
=y . (x2.5)
'Y
A 8 x=0.0032
(x 1.8)
e ]
& x=0.005

Q%/GeV?

Fl-fF wse FODP (2 and y<0.6 togetF,

ok L oo d< Xg ot Lowx
L 266 : Q12 3G




=
N

T T

\
A \
\
\
3 Qz.h
\ Ay
\

05 L Q@=3GeV"

dF,/dInQ*
o
N

\\02 =\\5 Geyz

Q* = 40 GeV
10 GeV?

~H1 preliminary

ecar H1 96-97
==H1 QCD fit

0.4 ~ !
0.3 —
02
0.1
!
S e e e

O f ok PW Johwson  PRDAC ({477) 279

Nolks Tmey



recision , brecision , preciscon —  3x pahience
" P ? P i P E Gabathuley,-

? \ ® Sarucation  Wmitahion o ghuon phase space density
\oxg g @ = @

\ @ DGLAQ o pFKL ace linear av. e?v‘s . o parton rescattenne

\ . qrowrh . xg Wik Aatx + Froissak bound (%)
\
S0 QCD Fits |
G20 A\ B (H1+BCDMS) total uncertainty
X [ B (H1+BCDMS) exp. + «, uncert.
s 1(H1+BCDMS) exp. uncertainty
—(H1)
X I \
15
Q?=20 GeV?
i \ Q*=200 GeV?
10 -
it
! S
5 | :
I Qo
©
o)
O
Osi_ | | ‘-,,Hi— ‘ ; |J..ii[_ ‘ L'l'll_,l =
10" 107 1077 10

o offchve QD.  IMah dandy QCD  (physias- math, )

v m'H’E A
® PeftH\y }’N&ks down d}""l‘\ﬂll:’l\ O(s 1S Smafl . Y‘auSeE eI\_lR
* amd AGES:'"‘Y.



>
-

ﬁs:mgm:—-ﬁn:ong

p—l

.._..__’._______

Q

1 hdQCD
Js< oc <1
p CD

@ @ 5
THERA.
R
@

7
l

!
!

HERA

T I I ' A TR AT

O

og=1 GeV? Q



~
S

dF ,(x,0°)/d log O

" st 4 vesores /mw!m'&/ !

J. blamlein e 2  hep-ph /0402025 (20m).



T T”“Trl '_'-”""I ! '”"“l J """'] ¥ """'I AL 1.0 T ||||m‘ T Hmnl T :|||mi T llllllll T Huml T TTTTI

- 100 GeV? 1 | ]
"y - \ Fa(x.Q%) — i 100 GeV? Fu(xQ%) ] 40 100 GeV? G(x.Q®) -

\ oo D2

Wb

0.6

AN

30

20
g 0.4

X

~ YeSlummah,
UX qghon —o—  detible asy.sc.

6. Rltaccll s RBall | STorde ——  pewer ves.
{:ﬂl&ra- book. 2604 . hef"[’h/ j

T llllll!l T llllnrl T llllllll T |||||||| T |||r$|l| T T 11T

] 0.2 10
I [ 1 |uuul 114 lli 1 | | ] 00 i
0 A il LALLL H LLiii L 1Ll Il 1 " - 76 _“5 _4 nget Uiz o O 0
10-6 108 10-% 10-3 102 10-1 100 10 10 10 1073 1072 1071 10 10-8 10-% 1p-%

\1000 GeV* XQ 5




queah'on.s

® Will it remain sufficient to use the leading twist DGLAP evolution equation (to a
given accuracy in logarithms in Q) or will it become necessary to resum [28-30]

the large logs in energy that appear at each order in the perturbative expansion
(i.e. for the regime in which a,(Q?) In(zo/x) ~ O(1)) ?

® Does diffusion in parton transverse momenta lead to a breakdown of (collinear)
factorization for leading twist pQCD, and a non-trivial mixing of perturbative
and non-perturbative effects, in a kinematic regime in Q? which is assumed to be
safe at higher z 7

@ Will the increase of the parton distributions lead to an experimentally-accessible
new pQCD regime, where the coupling constant is small but the interaction is
strong ? If so, how can one distinguish between this new regime and the standard
one in which the LT DGLAP equations are applicable ?

® Will the structure functions and cross sections of hard exclusive processes con-
tinue to increase with energy or will their growth be tamed to avoid violation
of unitarity of the S-matrix (applied to the hard interactions of the hadronic
fluctuations of the photon) ?

® Since the same QCD factorization theorems which lead to successful description
of hard processes predict a rapid increase of HT effects with increasing energy,

how important will the latter effects be for the interpretation of the small-z data
?
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THERA Machine Parameters

electron beam parameters
electron energy E, = 250 GeV
number of electrons per bunch N, = 2 x 100
bunch length 0se = 0.3 mm
invariant emittance e=100x 10"%m
beta function at IP Bzy =0.5m
electron tune shift Avy = 0.228
disruption D =0.02
bunch spacing the = top = 211.37 s
RF frequency f =1301 MHz
accelerating gradient g=234MV/m
beam pulse length Tp =1.19ms
number of bunches 56 x (94 4+ 6 empty bunches)
duty cycle d=0.5%
repetition rate fr =5Hz
beam power g P, =22.6 MW N

ﬁron beam Earameters_ ]
proton energy E,=1TeV
number of protons per bunch N, = 10! 1 May need
number of bunches Npy = 94 | Corting
beam current I, =T1mA 'n PEMRA
bunch length op = 10cm *9-3
beta functions at IP Bz, = 10cm :
normalised emittance &=1x10""m T
IBS growth time transv./long. 7, =2.88h,7, =2.0h

collider parameters =

hourglass reduction factor R=09
crossing angle f = 0.05 mrad
luminosity L=41 x 10 can~*s!
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