Electron Deuteron Scattering with H1 at HERA
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Introduction — why an electron deuteron programme?

m Surprisingly little 1s known about the deuteron, and hence the
neutron, at high energies.
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Introduction

m Current HERA inclusive data

beautifully described by QCD.
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Introduction

Fit using NLO DGLAP
formalism allows determination
of PDFs...

...and competitive measurement

of strong coupling constant:
o (M,?) =0.1150+0.0017(exp.)
9% (mod.) £ 0.005 (scale).

—0.0005

Why continue beyond 1 fb-1?

Aim: determine over as wide a
kinematic range as possible the
PDFs g(x,Q%),u,d,u,,d_,s,c,b
and measure with increased
precision 0 (Q?).

m HI

(+BCDMS) PDFs:

3 3 T
10 10 10

experimental errors
model uncertainties

parton distribution

e

. 2 2 X
HI1 PDF 2000: Q7 =4 GeV”

H1 Collaboration



Structure functions and PDFs

m Extractions of PDFs assume m Whyisd=u?
d=1u atlow x. m Ideas include Sullivan model:

m Plausible as both m ~ 3 MeV
and my~ 6 MeV << /\QCD.

O But look at available data..

t — CTEQSM -~ cTEmM .
E Y ;';'J — MRST ==~ MRS(Z) | )
| 'T’{# +E866 u HERMES | 2 Aifs) - Ad () ]
T t{. ; | : a9 - i) === 1
6005 01 ”‘11‘:3: 63 0.23 cr.ra 0.35

m What happens at low x?



Measured —u

m Remove constraintd =u at low X. =

xP(x)

=
T
T T I [T T[T T [ TAr 11

H1 Collaboration
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experimental errors

model uncertainties

parton distribution

M IIIIII| 1 1 IIIIII| | IIIIIII| | IIIE
! 3 3 -
L 10 10

H1 PDF 2000: Q° =4 GeV?®

Recall:

P _ 4 1 8= , 21
F2 —X(guv+§dv+§u+§d)
n __ 1 4 2= ,841
F2 —X(guv+§dv+§u+§d)

~ %x(a—ﬁ) at low Xx.

But “nucleon” structure

FzN = %(sz +E’ ) ~ %de

Need electron-deuteron expt. in
HERA kinematic domain.



Measuringd — 1

xd - xu

m Mecasurement with H1, 20 pb-! m Shadowing corrections can be
of ed data: applied with required precision.
g __ L III| I | I(lel;lglc}e\ll2 L | L IE . Important for LHC, e.g.
" 1 luminosity determination via
0.2 o *  epleD simul (MRSH) _]

] . e ait i st ik SRR . u Ww-
experimental errors - >\_/v_\—/_\<
model uncertainties -

0.2 . d
| | IIIIII|~ | | IIIIII|_L | | IIIIII|I | L 11111

0° 0" T 0° ' m Requires knowledge of sea

m Determine quark flavour quark distribution functions at
responsible for rise of F,P. low X.

———— MRSTZ00]

ey - CTEQS

P



Valence quarks at large x

m Understanding of LHC data at
highest m = /x,x,s requires

21 -
valence quark dist.s at high x. 7

m Latest E866/NuSea Drell-Yan i
results imply PDFs too highat ¢ -
large x. ) -

m Measure E,” / E", hence dumore . pr——rrrrrrrrrrrrrreey
accurately than possible with CC. z " o

L] EXpGCtatiOn: ;E l#!‘;*mq H:_T_L_ ........ .III.J. ..... i
: < an 1+4dv/uv < 2 é_ [ » pdpn X ht:i:_}:%\;
— = = E oasf e mow X s
4 sz 4_|_dV /uV 3 = . -| I-Irm.;"-'.'-:|1nLI1v|11I|.|IE.r.J|in|1uI||-.'|ci|.:|i|1I|].'I L — ;
d/u = 0 scalar diquark dominance. oM

d/u = %, naive SU(6).

LS



Valence quarks at large x

m Tag spectator nucleons to m Result of measurement with ed
identify e(pn) — eX(n) etc. and ep luminosities of 50 pb-!:

m This, plus reconstruction of
kinematics from lepton and
hadronic (control radiative
effects), make HERA

measurement unique.
m Needs ep runat E; =460 GeV.

m High ed statistics required,
important also for CC
measurement, F, and precision
measurement of Q.

2
Q=120

"1 — mHrgopAT

-~ MRST

— GRV




Diffraction

m Deep inelastic diffraction. m Current measurements. -
H1 preliminary
* X;p=0.0003 * X,,=0.001 = x,,=0.003 * x,,=0.01

a’=8.5 GaV’ a’=12 GeV* a’=15 Gev?
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Diffraction

m Running with ed, plus tagging, m [s structure of diffractive
allows study of: exchange same in electron
—ed > enXp. (ed > epXn_) neutron and electron proton
— ' ' scattering?
m [s diffractive exchange
N produced coherently off
i N° deuteron same as that from
proton?
psp
—ed > edX
4/
B %
d [\P d




F,D (prot)

Diffraction

1
C.f. F,°(p) and 2 F,P(d).
16 _
c 2.25 £
14 E_ 2 £
12 1.75 E
10 | 1.5 £
8 E_ 1.25 z—
6 1E
- 0.75 E
4 E t=-0.05GeV’ 0.5 £ t=-0.3GeV?
2 - 0.25 F
0 L . i 0 = A
T 107" | 10 10"
p p
0.4 ¢
035 | ¢ 40 pb' deuteron data (/ 2)
0.3 F ,
0.95 =2 # 350 pb™ proton data
02 E ——eme H1 Fit 2
045 E
01 F 4 - 2
- t=-0.55GeV
0.05 E © Q=10 GeV?, x;p = 0.017
0 B . Stat errors only
10 2 10 § VFPS acceptance included

B

m C.f. diffraction from p and n.

AF,D/F,D

0.05
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X = 0.001

i

+ 40 pb™! deuteron
Q* =10 GeV*
for perfect separation

X;p = 0.003

X, = 0.01

A
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Shadowing and diffraction

m Shadowing... m Measure and check Gribov’s
-, relationship between
% shadowing and diffraction for
§ ] the first time.
d . m Use results in correction of
measurement of d —u etc.
m ...related to diffraction. (precision 1%).
_— m Effects of shadowing more
© W pronounced with heavier ions.
| m HERA running with ed
d [\B d important first step towards

n possible future eA programme.



H1 upgrade for electron deuteron programme

m VFPS allows identification of: PST

d (\P d
n

g 1 — — —— g
~ 0 - Z | i’
Acc. ~ 100% for =t < 0.25 GeVE lﬁﬂ"“"&"f# f
and 0.011 <x,<0.024. S ) '
l +‘|‘ 1+ +++++-}+++-|-+_|_ h[Jr |
m Current FNC can tag: 06 W i I
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Proton spectator tagger design

m Beam optics determine possible

positions
z=05
P ¥ T |z T é T T T ! T |
E -l pr <0.01 GeV* ; 5
T B R e B I
S " M pf < 0.1 Cev? ’
N et
pr=0 a
nominulipmton trujsci;ory ; ;
0 20 40 60 B0 100
L | | L] .
c 20 40 60 80 100

Two stations designed, outside
beam pipe (exit windows), at
about 80m and 95m.

Scintillating fibre detectors
allow measurement of pg,
energy to better than 1%.

Acceptance of 70% (zero tilt)
to 95% (optimal beam tilt)
achievable with SC magnets in
place.

Higher acceptance requires
removal of GO and GG.



Spin structure
measurements

m Proton spin given by
+=7AX+AG+L

m Current world data suggest
spin carried by quarks

AX ~0.15...0.2

m Remainder carried by gluons,
orbital angular momentum?

m Can measure gluon
contribution by studying Q?
evolution of g,(x,Q?).

m NLO QCD fit gives
AG=0.616+0.318 +0.400

0.5

simple fit
NLO QCD fit
HERMES

SMC
EMC

10



Spin structure measurements with p or d

m Measure asymmetry m Extract structure function
cg | »= QCD NLO GRSV 2000 c%‘ L R el e
%’- 08 |- ---= QCD NLO AAC 3 e ==== QCD NLO AAC
[."] QCD NLO BB extrapol. stat. errors - 1 QCD NLO BB extrapol. stat. errors
o 6, >176°% R1990, 0.5 fb™, PP, = 0.5 I © 0,>176% R1990, 1 fb”, PP = 0.5
20 |
e
20 :_ "..r-u‘ ; j‘___}__+___+_j_.:::ﬁq_
-0.2 __5' "“”'I_4' ""”'I_al "””'I_zl .......|-1. = | ::.......I PR | MR | PR |
10 10 10 10 10 x 10° 107" 10° 107 10"

m Large x and exploratory low x
3T L measurements possible with
v ¥ A ~ 100 pb! and high

10 E .ot . .
N R polarisations.
10° 10" 107 107 107



Low x physics and QCD radiation processes

m Measurement of F; and low x
gluon in the transition region.

0.6

0.4

0.2

0.6

0.4

0.2

Q° = 0.5 GeV*
| & simulation
I -l-+ +
1l 1 L1 1l 1 L1
10° 1wt 10?
F, - VVBST/VBES
Q° = 2.0 GeV*
4
ﬂ e

[l

0.6 -

0.4

0.2

0.6 -

0.4

0.2

1l 1 L1
0 10 10* 10?
QF = 4.0 GeV*
+ +| ]
11l 11l 1 1 1 1111
TN 10 1¢0?

QF = 1.0 GeV*

I m HI1 prelim.

4

i

Requires upgrade of backward
region.
Study of QCD radiation

processes over large rapidity
range “forward jets”.

Requires upgrade in forward
region.

Measurement of GPDs and the
“3D” structure of the proton.



Study of saturation and nuclear parton distributions.

m Overlap of gluons from different m Study nuclear parton distributions.
nucleons 1n nucleus leads to high .2

parton densities within kinematic
reach of HERA, colour glass

G, IAG,

condensate‘7
200 AT et
o
> 0’=5 GeV’
[}
<190 eHg & unitarity limit |
i o E—"_" nh
100 ¢ 7 -.45— 04 -
: 2Caq : = :_l TETRTTT| R W TR AW TR - ) :_lnnml covvld vl
I w? ow? o w?t o ot w* w? ow? ot
50 B . * ° . x
- m Diff. = 50% of x-sect? BB limit.
ep
N ST e m C.f. RHIC/LHC heavy 1on physics.
102107 10 ° 16> 10" 1577 107% 107



H1 backward upgrade to access low x and Q?

m Remove GO and GG.
m Add (very) backward:
— SpaCal.
— Prop. chamber.

— Silicon tracking _ E Rl ] Lo
stations. e == L [ [ [ [ e

L
LR |

m Proposed detectors
based on current H1
technology.

m Upgrade acceptance
0.1<Q* <10GeV”>.




H1 upgrade to measure forward jets

m Remove GO and GG.
® Add new calorimetry. FIC

instrumanied bzam pipe \

rings with scintillating fibres

m Consider instrumentation of beam pipe.

m Studies of FNC treating one 2A depth section as dead material give
expected energy resolution of ~100% / \/ E (GeV).




H1 upgrade to measure forward jets

300

Etot

m Use “digital” calorimeters in forward
region?
m Combine some tracking capability

with energy measurement, improved

. . 200
dead material correction.

m Count cells above threshold 1n fine-
grained calorimeter.

m Studies with HI LAr calorimeter wa:
demonstrate concept. - L
m Number of cells above threshold in

forward LAr highly correlated with
deposited energy.

s | " 1 | 1 | 1 |
Gﬁ‘ 200 400 6400 806G 1060
Figure 419 ¥ ch



A new 1njector for HERA?

m [f PETRA is converted into a m New p injector in DESY tunnel:

light source, new injectors will
be needed for HERA.

m A permanent magnet 7 GeV
damping ring for electron
injection could be constructed
in the PETRA tunnel.

m A 40 GeV ring could be
constructed in the DESY
tunnel.

' 7600 !




A new 1njector for HERA?

m JINR has expressed interest in
magnet design and construction.

m The new p injector would
require 4 T SC magnets.

i%
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Dear Professor M.Klein,

The directorate of the Joint Institute for Nuclear Resear
the scientific program expressed im a Letter of Intent to s
deutercon scattering with the H1 detzctor at the HERA cellid
program. We are also very interesl=d o continue HERA 3 prol
electyon-nucleus scattering and study spin affects with pel
electron =nd proton beams. =

The physics goals of the HERA-3 program are very import an|
the partonic¢ structura of the nucleon, measuxe valence quar;
study recombination effects and diffraction. The upgraded H
will provide unique pessibility for rthese measurements.

Our support is based on the success of the running HL exp
continues to deliver many interesting results on the preton
structure sctudied in deep-inelastic electron-proton scatter
wide kinematic range Erom very low values of Bjorken x ro v
photen virtuality Q72.

A group of physicists from the Laboratory of Particle Ph
JINR actively participates in the physics program of the Hi
contributing to the study of diffractive procasses in deep-
scactering and in the upgrade and eperation of important EL
the Ferward Proton Spectrometsr and the Backward Proparnion)

ch supports
tudy electron-
gr - HERA-3
gram with
marized

b to understand
k distributiens,
ERA collider

griment which
and photon
fing in the
=ry high

yeics of
expariment
lipsiastic
detectors -
al chamber.

The study of diffraction and saturation effects are alsoc important

goals for the future HERA-3 electron-deuteron program.
Within the FERR-3 program JINR expresses a particulaz in
contribute te the upgrada of the leading preton tagging dest
backward coordinate detector for the precise measurement of
electron.JINR physicists are alsc interasted to participate

terest to
ector and

the scattered
in the

physics analysis and theorstical interpretation of future HERA-3 results.
- Another field of our collaboratiom way be a participation of JINR

Physics, professor

experts for accelerator supsrconducting magnetic systems in the design
and construction ©f a new injector system for HERA, whish wo will be
glad to discuss further wich DESY.

Sincerely Yours. _ : !: .4.'4":—/
Vice-director of JINR, o A.N.Bissakian
pirector of Laboratorf B )

: V.0 Kekelidze




Summary

m Many aspects of QCD are still m Detailed schedule will be

poorly understood. submitted with proposal.
— Need complete map of m In the longer term future, HERA
nucleon partonic structure. and H1 offer further unique
— Precise knowledge of strong possibilities, including the study
coupling. of:
— Diffraction and shadowing. — Partonic origins of nucleon spin
m ed at HERA makes possible over a large kinematic range.
unique measurements of electron — The transition between DIS and
neutron scattering and the study photoproduction.
of CC and diffractive reactions. — Parton radiation patterns.
m We request support for this — QCD at high density in €A

programme from the PRC. collisions.



Support from theory community

m Following the DIS 2003
conference, members of the
theoretical community
announced their support for a
future HERA programme.

Letber to the DESY Physics Research Commitbee and Scientific Council

The TERA oollider i8 a unique facility for studying the high enerry lonit of OO With
it3 gupérior energy range polarization of the lepton and potentially the Ladron beams and the
poasibility of aocelerating denterong and heavier nuclesl, TERA has the patential t0 pravide Jdata
erncial w0 our developing understanding of QCD. These Jata canmat be abtaimed at other fcilities
and willl pequine & program that extends beyond the currently acheduled ep runming. Thay include
higgh precigion meagurements of Froand of P in the trangition segion from the domain of doep
inglagtic seattering to that of photopraduction, the study af farward jet production owr the largest
poasibbe rapidity range and measurements with dentercna. These will allow the development and
refineiment of new appreches to pertucbative QCDL the sty of non-pemurbative effoeta. the
irnaeatigation of QCD radiation patberng over an mprecedented range in 2 and the completion of
the mapping of the bogitudinal strodguee of the nucleomn.

Colligioms with heawier nuebel will allow the eocplaration of 4 new Ligh parton dengity regims
of QCD. New atates of matter may appear in thig vegion, such 28 & saturated “bath” of gloma.

The underatanding of spin renaing a central problem in high energy physics, HERA running
with polarised protong or dentenomg would bring a new level of undemstanding to the oustanding
prablemns of sea and ghon palacizgon.

The propaed mesguranents wonld provide a significant gtep in the undengtanding of atrong
hadremic imteractiong. Thigis of fundamental inpartance, a3 OO i3 a cornengoine o the Standand
Model. The measurements are also of great impartance for ather agpecta of high energy particle,
agtooparticle and meear plygics. Tor example, a predige undenstanding of parton dengities ia
critical for plysics at the highdst energies and matter Jengities, foom the LHC and heavy on
anlligicms ta Ligh enerzy omic ray showen

We therefore stromgly support further experimentation with the TERA gollider beyond the
currently planmed high honinegity phase
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V Kim, B Kniehl, G Kramer, M Krawzyck, G Levin, L Lipatov, L Linnblad,
G Marchesini, L McLerran, Al Mueller, ¥ Olness, R Peschanski, 1) Ross,
M Ryskin, G Salam, E De Sanctis, T Sjistrand, H Spiesberger, M Strikman,
A Szezurek, O Teryvaev, W K Tung
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