Options and implications of ep experiments at HERA

and beyond

C. Niebuhr, DESY

+ HERA luminosity upgrade
- upgrades of the ZEUS and H1 detectors

- future options for ep (eA)
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Lepton-Hadron Scattering

Resolving the Structure of Matter

with Deep Inelastic Scattering (DIS)
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Fixed target experiments

- polarized, unpolarized and semi-
polarized:

- e-p, e-A (SLAC/DESY)

« p-p, u-A (CERN/FNAL)

« v-p, v-A (FNAL)

Collider experiments

- so far only unpolarized
. e-p (H1&4ZEUS @ DESY) ||
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HERA at

DESY

Protons Electrons/Positrons
Source 20 keV Source 150 keV
RFQ 750 keV Linac Il 450 MeV
Linac Il 50 MeV Pia 450 MeV
DESY Il 8 GeV DESY Il 7 GeV
PETRA 40 GeV PETRA 12 GeV
HERA-p 920 GeV HERA-e 27.5 GeV

C. Niebuhr, DESY

H1

Halle NORD (H1)
Hall NORTH (H1)

Hermes

Halle OST (HERMES)
Hall EAST (HERMES)

Halle WEST (HERA-B)
Hall WEST (HERA-B)

Elektronen / Positronen
Electrons / Positrons

< Protonen
Protons

< Synchrotronstrahlung
Synchrotron Radiation

Halle SUD (ZEUS)
Hall SOUTH (z
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The Colliding Beam Experiments

HERA Experiment H1

purpose detectors

o multi

- almost 4mmacceptance

INSTRO2, Novosibirsk
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HERA Performance until 2000

HERA Run Efficiency
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HERA-Luminositat 1992-2000
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Kinematic Range and Highlights from HERA |

Significant increase in kinematic range
beyond the fixed target experiments <

2 A

Highlights from HERA T (1992-2000) £+ [ seoms e s P- ~
« proton structure & QCD 0E 77 e A/je’r . / E
- CCFR 7 ]

rise of F2, role of gluons, jet physics, F = «F 1
ag determination, electroweak physics 1035— 1665 ' 3

« low x physics / :

high parton densities, diffractive physics
- photon structure
- physics beyond the Standard Model

lepto-quarks, contact interactions, exited
leptons, isolated leptons

HERA IT
Luminosity upgrade

Spin rotators for ZEUS and H1
O longitudinally polarized electrons/
positrons (- see talk by Ken Long 5.3.) o

H1 and ZEUS detector upgrades

C. Niebuhr, DESY 6 INSTRO2, Novosibirsk



Options for Luminosity Upgrade

Y

N
Constraints for the Luminosity at HERA L = —= Dg—p [ L
N

eD * *
By B s

1. Proton beam brightness N IO/ En L (space charge effects in injector chain)

411€

increasing N p/eN - larger B* O no large increase factor possible at HERA except with electron
cooling

2. Electron Current | [
no fundamental limitations, but costs. Points to consider:
- RF power (12 MW now)
- vacuum system
- feedback system designed for <60 mA
- beam-beam force on protons ?

chosen because

4 safest method

3. Reduce beam size at interaction point by stronger focusing B [:
move proton final focus quadrupoles closer to IP: 26m - 1lm
- need early seperation of protons and lepton beam

C. Niebuhr, DESY 7 INSTRO2, Novosibirsk



New Interaction Region

Parameters before Upgrade after Upgrade
e-ring p-ring e-ring p-ring
E [GeV] 27.5 920 27.5 920
| [mA] 50 100 58 140
Nppb [10°7] - 9 +0 108 « 448 m new vacuum beam pipe
Mbunch L4 L 14 14 « 4 superconducting magnets
B [m] 0-90 70 0.63 249 « 54 new normal conducting
By [m] 0.60 0.5 0.26 0.18 magnets (Efremov Institute
£, [nm] 41 5000fy 22 50001y St. Petersburg)
g, Iy 10% 1 18% 1 « 2 spin rotators
Oy ; Oy [Um] 190;50 190;50 120;30 120;30
g, [mm] 12 130 12 130
Av, 0.012 0.0013 0.027 0.002
Av,, 0.03 0.00035 0.041 0.0005
L [cm™@s™] 1.5x 103 7 x 103

C. Niebuhr, DESY 8 INSTRO2, Novosibirsk



Concept of new Interaction Regions
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D1 [ ‘ red magnets are new } D | pole for protons with
| | | thin mirror plate (Brett
| QL17 ... QL14 | | | QL1+ ... QL17 ] Parker)
—s0  -60  -40  -20 o 20 40 80 80
s/m ———>

Stronger focusing of protons by moving proton quadrupoles closer to IR : 26m - 1lm O

early beam separation by superconducting magnets in the detectors
reduced e-bending radius: 1200 m - 400 m
increased synchrotron radiation power: P;,+ = 28 kW @ 58mA , E..;+ < 150keV

radiation has to pass the detector and will be absorbed at 11, 19 and 25 m behind the
experiments

C. Niebuhr, DESY 9 INSTRO2, Novosibirsk



New Superconducting Magnets in the Experiments

—

superconductor

end can with
He supply lines

0.01lmm

C. Niebuhr, DESY
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positioning precision’

- combined function magnets including dipole,

quadrupole, skew dipole, skew quads, sextupole

- very tight space requirements (2 <180 mm)

- [ super conducting magnets
- designed and constructed at BNL

10

complicated movable supports needed inside
detectors (forces on LAr cryostat)
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Challenge: Synchrotron Radiation
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Concept: m

- synchrotron radiation may hit detector or beampipe only
after at least two scatters

- central beampipe made from Al/Be-alloy (.38/.62)
elliptical shape (64mm x 129mm, d=2mm = 0.8 Xp)

- combination of downstream and tight
collimators integrated in beampipe to shield against
backscattered radiation

C. Niebuhr, DESY 11
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Where do we stand with the Upgrade ?

Protons: 28.7. first injection

10.8. ramp up to 920 GeV Lumiscan in November
POSiTr.O ns: 16.8. fir.s.r inj eCTion Vertical I._umiscan H1 2.11.01 Horizontal Lumiscan ZEUS 2.11.01
5.9. ramp up to 27.5 GeV e i T, = 153 pr
18.9. switch on solenoids po
350
7.10. first ep collisions in HERA IT oy o
H1 PD Total (kHz) H1 PD Backgr (kHz) = 300 1
| : : igg:::g 13% 34 z;‘:ﬁ - 250 1
| . 1e+03 % 200 E .
" @
el - - & 1o
i T T T ; T \1e+01
| i ‘é___r-' — 100 A 100
i%ﬁ“m o] ! ! ! 50 4
i i i i i i1e-02 . I I I ]
| j 1 1 1el3 A0t i B 20 400 -1000 50 0 500 1
Time Bmin -4min 7;21'18}'12001 .?(?:57:2%min Ay / pm AX / pm

. _ 0/ 2 ol r 2
Increased rate in the H1 photon 2.Nov.: Lspec = 1.68 x 103%/cm? s! mA

detector of the new luminosity
system when horizontal bump was
driven for the e+ beam

0 agrees within 10 % with design value of
Lspec = 1.88 x 103%/cm? s! mA?
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Remaining Problems

Jan/Feb repair work in cold drift section of HERA-p Vertical collimators/absorbers

HERA UPGRADE REV. 3.3
2und 3

)

Sofar it was only possible to store <2mA of positrons [ *
in the machine without risking damage of the silicon |
detectors

A lot of effort was spent in determining the
positions of beam elements and detectors using
survey techniques and beam based alignment

The present understanding is that the tight
requirements in positioning precision of better than
0.3mm have not yet been met everywhere in the new machine (+ 60m around IPs )

As a consequence of this mis-alignment the synchrotron radiation fan produced in front
of the experiments is too wide for the present configuration in the vertical direction and
backscatters into experiments O

Measures taken right now:

- installation of additional collimators at -66m (hor.) and -6m (ver.)
in front of the experiments

- increase vertical aperture of 2 emergency collimators (+3.5m,
+5.9m) which protect the steel beam pipe behind the detectors

. - installation of active protection for beam pipe
Absorber 1 @ z=3.5m - try modified optics with reduced divergence

C. Niebuhr, DESY 13 INSTRO2, Novosibirsk



Detector Upgrades

A —— Many upgrade projects

| | with emphasis on enhanced capabilities for
~__#| « tracking (in forward direction)

- friggering (data taking rate # constant)

Igﬂ“own“l|||oo°uo“n°°"“o:mon:o"nlk -—‘*"—-égeruw Vj\/ﬂ/
P e N
v | VEPS 220 :::%m I N T v/
‘3\”( A\ i HERA PRC proposals modifications \ I:I
: ST ' L] shnan iy
Mandatory: luminosity detector upgrade E LI et e == -
e - =l i
« need radiation hard y detector AR e HiE====mg il it
. . 5 ; === (=== :I T _l — :1::,:3‘:,;“% ; # I
- cope with bunch to bunch pile up i MRS by i T DOrIE R
P LumiI [
... details not covered here i ME=Covios B
— see talks this afternoon by: | s
- Ulrich Koetz for ZEUS s _ = |
° i i ,_’:" ‘
Arndt Specka for H1 e W= . |
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Forward Tracking

Problems for track finding in forward direction
- large background close to beam pipe e e
» high track densities from showers or jets '

originally TRDs in H1 and ZEUS
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O increase redundancy by replacing TRDs with robust
and well understood tracking devices

SN
e |,

Y replace TRD and Radial
drift chambers with
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(8 wires each) ~

ZEUS

replace TRD with
new straw tube
tracker
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Straw Tube Tracker for ZEUS

geladene Teilchen

Isochronen

straws: 2 layers 50pm Kapton foil

TRD3—4 gap

TRD1—2 gap

Y,om

Anode wire direction

1000 —

Z.em 180

C. Niebuhr, DESY

Concept:

« 2 gaps left free
from original TRD
each 208mm in z

- cover polar angle
6° to 24° and full
azimuth

* 4 super layers per
gap

16

Central composite plate

INSTRO2, Novosibirsk



ZEUS Micro Vertex Detector

Design goals

three spatial measurements per track in two projections
polar angle coverage 10°-170°

<20um intrinsic hit resolution for normal incidence
impact parameter resolution #100 um for p>2GeV

high efficiency (>97%)

Constraints

elliptical beam pipe
CTD inner diameter 320mm
96 ns bunch crossing time

FORWARD BARREL FLANGE REAR BARREL FLANGE

double layers in barr

7° A
¥ H _ u J [|I MVD SUPPORT TUBE

oy -

| [ ] o o

4 double layer whegls il 321,

§22.4 28,1
8525
15¢ 130 130 31 |

C. Niebuhr, DESY 17

INSTRO2, Novosibirsk



MVD Sensors

- n-doped silicon wafers (300um, 3-6kQcm) with p+ 125mm
implantations (12 or 14 um wide) (Hamamatsu Photon.

- analog readout of every 6th strip
HELIX 3.0, 0.8um CMOS AMS

- by using capacitive charge sharing good resolution
despite 120pm r/o pitch

- 512 (barrel) 480 (wheel) readout channels per sensor
[0 207000 readout channels in total

A

BMVD sensors
(in total 600)

FMVD sensors
(112 wedges)

Pe—— r-phi strips /——

d

electronics

to front-en

|

C. Niebuhr, DESY 18 INSTRO2, Novosibirsk



MVD Detalls

v Two half modules

to form a full module

are then glued together

HYBRIDES ——

Five full modules are

carbon fiber support

disposed over a FIXED POSITION HOLE

5 SILICON MODULES

/

COOLING TUBE

ALIGNMENT SPHERE

_ material budget: 3% Xg per ladder

C. Niebuhr, DESY
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One MVD half assembled

C. Niebuhr, DESY 20 INSTRO2, Novosibirsk



H1 Silicon Detector Upgrade

H1 successfully operates CST and BST since 1997

Upgrade

b production: impact parameter

» Data (prel. )
— Fit

— bheauty
== charm

mm fake muons |

- H1

adapt to new beampipe geometry

backward region BST

- rearrange existing BST: 6 u/v planes

- add 4 planes with pad detectors for triggering
central region CST

- radiation damage observed

Muons / 50 um

-0.1  -0.05 0 0.05 0.1 0.15

- radiation hard readout electronics for 5 [om]
. H1 Collaboration: Abstract 979, submitted to the 30th
fOf‘WGI"d region FST InternationalConference on High Energy Physics,

ICHEP 2000, Osaka, Japan, July 2000.
- add 5 u/v planes

- add 2 r planes

- - - — .
' - o ErE

FST CST BST |
A s e e R R N s am AR \\\\\\\\\\\\\\l\:}_ ol
electrons a}r =l | g M:LLl[ILII:lL-/ protons
= : = e z S -
% FST-Repeater I“"II ‘ CsT \ I |" BST Repenter |j T
SRR B L R R N B AR ey

C. Niebuhr, DESY 21
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CST Upgrade

CST sensors

- 5.9cmx3.4cmx300um
- double sided, DC coupled

- 3 sensors bonded together to form one ladder
- p side: 25um pitch, 50um r/o pitch, 3x9 pF/strip
« nside: 88um pitch, 3x19pF, double metal

Readout

« readout at the end of the ladder:

0 only 2 x 0.75% X dead material
» Analog Pipeline Chip APC128 (SACMOS-1)

- 32 stage analog pipeline

- radiation damage seen in inner layer after #2506y

- problem: internal leakage current in chip (latch-capacitors C|)

O transfer ASIC design from SACMOS to radiation hard

DMILL technology

(Durci Mixte sur Isolant Logico-Lineaire [CEA])

- DMILL

- bipolar CMOS, 0.8um, silicon on insulator

- radiation hard up to 10Mrad

C. Niebuhr, DESY
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1500

pulse height (a.u.)

1000

500

I Inner layer of CST

?\Q\\:“\*m\m 508
“\ _ I e

| direction of r/o

- full r/o time *1ms

500 1000
channel number
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CST for HERA 11

Re-use old silicon

O remove 1280 bonds for each hybrid
1. break hybrid from silicon

2. glue bonds to chip on hybrid
3. tear of f hybrid: 95% of bond wires go of f

New ladder arrangement
- two layers
- sensors perpendicular to rays from the IP
- overlaps in r@ for internal alignment

C. Niebuhr, DESY 23 INSTRO2, Novosibirsk



BST and FST Sensors

r strips ¢ strips (u/v)

Stripline

« AC coupled

« 280 pm thick

- p+ doped strips

« 640 active strips

« double metal - single metal
 1intermediate strip - 2 intermediate strip
« r/o pitch 96 pm « r/o pitch 75 pm

C. Niebuhr, DESY 24 INSTRO2, Novosibirsk



FST

single wheel

full detector

C. Niebuhr, DESY 25 INSTRO2, Novosibirsk



BST-Pad Detector

Trigger concept

¢-sector = 1/16 of 27

- B20 mm

- 568 mm

- 520 mm
=477 mm

Purpose

4 pads x 8 rings x 12 sectors x 4 wheels = 1536 cells

oing particles
scattered electron)

BST

3-out-of-4 selection criterion:
168 < B <1735"

SpacCal

.W

e

* reject upstream
proton background

C. Niebuhr, DESY
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 trigger on backwards

Detector module

+ 380 pum single sided
* FOXFET biasing
s+ AC-coupled pads

Micron Technologies Ltd. (Lancing)

PRO / A readout chip

+ 1.2 um N-well CMOS process (AMS)
* Designed in collaboration with IDE AS (Oslo)

MIP signhal
inherent noise

INSTRO2, Novosibirsk



Triggering at HERA 11

HERA Upgrade:
« higher background from synchrotron radiation
- larger event rates, but output rate # constant

0 Need also improvements for trigger:
« higher redundancy - better background rejection
H1: replace central inner proportional chamber CIP by new one with 5 instead of 2 layers
optical readout of of 8500 pads for L1 (2.3ps) decision
* higher selectivity
ZEUS General Track Trigger (6TT): new second level trigger including based on PC farm
input from:
- micro vertex detector MVD
- central track detector CTD
- straw tube tracker STT

H1 Fast Track Trigger
- input from Central Jet Chamber

C. Niebuhr, DESY 27 INSTRO2, Novosibirsk



Fast Track Trigger FTT

« Level 1: 2.3 ps
- signal digitization o
- finding track segments from hits CJc1:
- coarse track linking for L1 trigger signal SRR
e Level 2: 22 pus
- track segment linking
- fitting track parameters (3D)
- trigger decision based on basic event properties

143 SV

- Level 3: #100 ps (processor board farm)
- identification of particle decays r — O view of the central drift chamber
- makes extensive use of content addressable memories (CAM) E o om0 (DY)
- only possible with new generation of programmable electronics + peak
- high density FPGAs i ﬂ
bsps Lo
- performance approaches offline reconstruction in precision j .&
LA
ot s

2 2.1 22
M (K )/ GeV

C. Niebuhr, DESY 28 INSTRO2, Novosibirsk



Future of HERA

Anticipated luminosity profile of HERA IT: F—
2002: 120pb! (?)  2005: 240 pb’! —
2003: 180 pb™! 2006: 240 pb’!
2004: 240 pb! Total >1000pb~!

2007: Due to increasing demands there is a
strong need for a dedicated source for hard
synchrotron radiation. Two options are
presently evaluated

1) build new additional PETRA ring for synchrotron two possibilities for an additional
radiation in the same tunnel machine in PETRA tunnel
would allow for a HERA IIT program beyond 2006
- ed (polarized), eA — Durham Workshop Dec.01 el PR T

2) conversion of the existing PETRA into a
dedicated synchrotron radiation source
incompatible with using PETRA as injector
for HERA

Highest priority of DESY is TESLA
0 any extention of HERA running beyond 2006

heeds very convincing physics case which has to
be laid down until end of 2003

I2.“(L(i0 cnr
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Future Lepton-Hadron Colliders: Technologies

* Basically two options: Sources of information:

1. Ring-Ring — Series of workshops at DESY
- proven technology eg HERA _ EIC white report
- electron polarization by Sokolov-Ternov effect _ Snowmass WG M5
- luminosity in the range of >1033cm™?s™! seems feasible _ Recent Durham Workshop

2. Linac-Ring
- easier spin manipulations (spin flip), high polarization
- far less synchrotron radiation in experiment
- for competative luminosity need energy recovery

- Energy Recovery Linac (ERL) optical iR e o

System

- required rf power nearly independent of energy
- overall system efficiency increased
- less energy to be dissipated in e-beam dump / \—Beam

Transport

- promising results at JLAB IR FEL (low energy) e 10 m—»]
 Proton/Ion Ring
- limiting factor for intensity: intfra beam scattering IBS
0 can be improved by electron cooling
- mandatory for ions if want to reach Ly%L,/A, helps also for protons (L, - 2xL,)

C. Niebuhr, DESY 30 INSTRO2, Novosibirsk



Polarization at Lepton-Hadron Colliders

Polarization for Electrons, Protons, Deuterons RHICC Polimetrs

a) Acceleration and Storage of Polarized Protons tonosl,

* promising: recent success @ RHIC, 25.Jan.02:
store, accelerate to 100 GeV and collide polarized »
protons (& measure their polarization) s ot

b) Acceleration and Storage of Polarized Deuterons
. Pol. Proton Source
recently attracted very much attention: 300,300 s

Partial Siberian Snake

BOOSTER

LINAC

200 MeV Polarimeter

_ 2 12
L =2%10"s"cm
70% Polarization

s =50...500 GeV

‘. BRAIHMS & PP2PP ()

- 4— Absolute Polarimeter (l:l jet)

Siberian Snakes

2 x 10! Pol. Protons / Bunch
£ =201 mm mrad

RHIC

|
¥~ AGS Internal Polarimeter

hi Rf Dipoles

deuteron has small gyromagnetic moment
Gy = -014 (GIO = 1.79) O siberian snakes don't work

new approach (Ya.S. Derbenev, V.A. Anferov physics/0003104):
achieve spin flip by horiz. rf field

p depolarizing resonance strength )
1.2 additonal advantage: for deuterons
0.8 depolarising resonances are
0.4 - 25 times weaker and fewer
0 J .
100 300 500 700 900 GeV - 12.5 times farther apart
B depolarizing resonance strength [ acceleration should be much easier
0.02 needs fo be proven experimentally
001 c) Polarimetry for Protons and Deuterons
ol R d) Polarized proton or deuteron sources
100 200 300 400  GeV

e) Electron Polarization Buildup

C. Niebuhr, DESY 31
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Future Lepton-Hadron Colliders under Consideration

« THERA, the TESLA on HERA collider
- 250 GeV electrons on 920 GeV protons: Egp = 960 GeV

- L*0.5-2x103! cm=2s7! \

« eRHIC, Electron-Hadron Collisions with RHIC
a) Linac-Ring Version
- 10 GeV electrons on 250 GeV protons (Au): Eqp = 100 GeV
- L~1.1x1033 cm2s7!
b) Ring-Ring Version
- 10 GeV electrons on 250 (100) GeV protons (Au): Ecp = 100 GeV
- L~0.6-2x1033 cm™2s™!
 EPIC, the High Luminosity Electron (Polarized) Ion Collider
a) Linac-Ring Version
- 5 GeV electrons on 50 GeV protons: Eqpy = 32 GeV

- Lzo.6_2x1033 Cm—Zs—l PHENIX " Injection/RF

STAR

Future experiment

P2
Abort Instrumentation

b) Ring-Ring version ccin v
- 7 GeV electrons on 32 GeV protons: Eqp = 30 GeV i R

- L*1.1x1033 cm s

eRHIC Ring-Ring

C. Niebuhr, DESY 32 INSTRO2, Novosibirsk



Electron lon Collider

Electron Ion Collider (EIC) Project

recent idea (white paper in March 2001): merge eRHIC and EPIC initiatives
- ep or eA collider

- variable CMS energy 15 GeV to 100 GeV for protons (63 GeV/A for ions)
« high luminosity (>1033 cm™ s)
- polarization of electrons and protons

« options
- ring-ring
- linac-ring possible layout for Energy Recovery
- recirculator-ring: mixture of the two Linac (ERL) in the EIC cooler
store a few hundred revolutions —
advantages of linac: high polarization
high Luminosity at all energies _—
: = 0T
- need electron cooling
- operation in a collider not yet done 7
Buneher wagnet @ 5126V, 50-130 MeV b Debuarher nagpe
and cavity and cavity

C. Niebuhr, DESY 33 INSTRO2, Novosibirsk



Electron lon Collider Workshop

26.-27.2

( €T>) \\\\\ |

A high fuminosity probe
of the partonic sugstructure
of nucleons and nuclei

Electron-ion and polarized
electron-proton collider for

the study of the partonic
substructure of nuclei and
nucleons

February 28, March 1-2, oo =

~.

Brookhaven National Laboratory %

February 26 - 27, 2002 /
Brookhaven National Laboratory | g -
| . . . .
Register online "\

http://www.c-ad.bnl.gov/eicaw

Goals:
1. The ring-ring collider scheme working group + form collaboration this spring and
(RR Group) formulate detailed construction proposal
2. The linac-ring collider scheme working group by 2005
(LR Group) » start R&D program O
3. Interaction region working group (IR Group)  start construction #2010-12 ?
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Even further Iin the Future

« eLHC, Electron-Proton Collisions with LHC
- 60 GeV leptons on 7 TeV protons: Eqp = 1296 GeV

- L®x2.5x1032 cm 257!

- epVLHC, Electron-Proton Collisions with VLHC
- electron ring in the VLHC booster tunnel parallel o construction of VLHC
- 80 GeV electron on 3 TeV proton: Egp = 980 GeV

- L*2.6x1032 cm 251

« R&D Issues for Future Lepton-Hadron Colliders
- High-current energy-recovery linacs
- High-energy electron cooling
- Polarized electron sources
- High-energy deuteron and proton polarization
- Proton polarimetry
- Integration of the detectors and colliders
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Toy Model for Detector Configurations at THERA

two different setups for different phases
of the experiment
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Ep=920 GeV: proton energy unchanged
— detector resembles H1 + ZEUS
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Prototype Detector for EIC

Basic Setup
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Summary and Conclusion

« HERA luminosity upgrade completed
source of synchrotron background identified and being worked on
- ep and eA physics is very active field also beyond HERA IT
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