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A compendium of some first physics studies ..
- Kinematic coverage?
- Achievable precision?
- Physics objectives?
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Three Possible Lay-outs for Collisions at IP2

Increasingly detailed design under constraints of
simuiltaneous ep (eA) and pp (AA) running at power < 100 MW

1) Lumi ~ 3.1033 cm2 51
at E, = 50 GeV with HERA
style focusing magnets
and 10° acceptance.
..orLumi ~10%2 cm2st
without focusing magnets k
and 1° acceptance ;

2) Lumi ~ 1032 cm2gl
At E, = 20 GeV
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3) Lumi ~ 3.1032 cm—2 51
at Ee = 100 GeV Afllirling [Holzer]




Kinematics & Motivation (140 GeV x 7 TeV)

(‘\]> : T IIIIII\| T II\IIII| T T IIIII\| T IIIIIII| T II\I\I\| T T \IIIII| T I TTTTTI
p - LHeC Experiment:
o 1064
o R New physics on
o E HERA Experiments: scales ~1019m
10 5| [ H1l and ZEUS ]
= Fixed Target Experiments:
al e Large X f
10" ¢ BeDNS partons
- [II'11 E665 TS
TSTSS
- [J SLAC High precision S5
10° = partons in LHC |-
- plateau e e
N e ered
. NS NN N N e
2 SIS IS SIS S )
10 = = IS .
- Nuclear [SSSSSSESessss /.
E 7 E
i Structure :::::::::zzzzzg?? AR
I - & Low x [osesesesosee g 1)
10 F ligh SEEsss
- Densit Parton |= =~ -2 I -
B ensity _ ‘:‘:‘:’%;ﬁr I .
[ Matter Dynamics :’:::fﬁiii I ]
_ éég..a— - : | ; ]
! ; Ve ;
1T |
10 = .
= 1 IIIIII\| 1 II\IIII| 1 1 IIIII\| 1 IIIIIII| 1 II\I\I\| 1 1 \IIIII| 1 1 I\III;
-7 -6 -5 -4 3 ) 1
10 10 10 10 10 10 10

X

Js =2 TeV
* High mass (M.,

- Q2) frontier
i - EW & Higgs

4+ Q2 lever-arm

at moderate &
high x > PDFs

- Low x and eA
Frontier 2 novel

QCD ..

X>5.10"" at
Q° <1GeV?



Low-x Physics and Non-linear Evolution
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+ Somewhere & somehow, the low x growth of cross sections
must be tamed to satisfy unitarity ... non-linear effects

* Parton level manifestation? e.g. recombination gg 2> g?

* Usually characterised in terms of an energy dependent
“saturation scale”, Q%,(x), to be determined experimentally



Non-linear effects @ HERA
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Something appears to happen
around 1t = Q?/Q?%, =1 GeV?
(confirmed in many analyses).
BUT ... Q¢ small for t <~ 1 GeV?
.. hot easily interpreted in QCD
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Lines of constant
density are diagonal
.. scattering cross
section appears
constant along them
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LHeC Kinematics for Low x Investigations

Access to Q4=1 GeV? ) )
in ep mode for all (3_(99}{") e
x>5 x 107 if we have " g P(7000)+e(50)

acceptance to 179° 0| P(920)+e(30)
1u2;—
Luminosity ~ 1 fb1 / yr " Q;,, cewlProton)
..ample for most low x  “F
studies ... definitive e
low x and diffractive b
facility!
1075 T e
>parton saturation h x 1

“>novel QCD evolution
>Diffractive ep, eA
..



Some models of low x F, with LHeC Data

With 1 fb-! (1 year at 1032 cm2 s1), 1° detector:

stat. precision < 0.1%, syst, 1-3%
[Forshaw, Klein, PN, Soyez]

" ,.E Q%=2GeV’ Q’=5GeV’  E Q°=10GeV’ Precise data in LHeC

+£ - Forshaw & Shawi; FSD4-Regge r-egion x >~ 10-6
= 4
> 3551 Forshaw & Shaw; FS04-sat

N 3 <Forshaw & Shaw, CGC é— .

L 255 - Soyez, HF-impraved CGC = - Extrapolated HERA
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" .. new effects may not be easy
to see with F, alone ...
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Another look at Extrapolations of F,

NNPDF parameter-free NLO DGLAP QCD fit ...
uncertainty band explodes at low x and Q?

Fy(z, Q)
4

| [Albacete]

NNPDF 1.0
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———— AAMS (gbw)
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Very wide range of possibilities allowed by pQCD ...
.. whilst retaining a good fit to to HERA data



FL Simulation .. selected lowest x F, data
compared with 3 dipole
models including saturation ...

[Forshaw, Klein, PN, Soyez]

More observables needed
to distinguish non-linear
partonic effects from

: . NS u_;§_ Q’ =2 GeV? E Q’ = 5 GeV’
change in behaviour Of - 0sE- + Forshaw & Shaw, FSD4-gat
low Q2 non-perturbative = weE - Coven HF-improved CGE
input e %
u.:ai— E— ¢3$3
L 02E- Mty = $a*
Gluon-sensitive o1E 't 3
observables (e.g. F,¢, F|) o O°=135GeV’ — o'-30Gev
are best to complement ot ]
(quark-sensitive) F, o, 3 +i
u.4§— %gé‘* E_ L %*
of s 3 b
e.g. Vary sqrt(s) as oo + 3 *
recently done at HERA ?... i
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-~ example for 1 year run
.. precision typically 5% ... stats limited for Q2 > 1000 GeV?
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Constraining the Gluon with LHeC F, and F,
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Including LHeC data in NNPDF DGLAP fit approach

sizeable improvement in error on low x gluon when both
LHeC F, & F| data are included.

.. but would DGLAP fits fail if non-linear effects present?




Can Parton Saturation be Established @ LHeC?

Simulated LHeC F, and F| data based on a dipole model
containing low x saturation (FSO4-sat)...

.. NNPDF (also HERA framework) DGLAP QCD fits cannot
accommodate saturation effects if F, and F_ both fitted

F5 atthe LHeC - Simulated data from FS04 saturation model FL atthe LHeC - Simulated data from FS04 saturation model
" LHeC simulated data se—p—s | 14 b LHeC simulated data ~—fll— ___ A .
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.. even with LHeC low x region, multiple ep (& eA) observables
will be required for a clear picture of non-linear dynamics.



What about Diffraction?

Additional variable t gives access ()5
to impact parameter (b) X
dependent amplitudes

+—
<——— Central black

region growing
with decrease of x.

(figure

b
from C. Weiss.) /

Large t (small b) probes densest
packed part of proton?

c.f. inclusive scattering probes median
b~2-3 GeV-!

5
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e.g. J/y Photoproduction

e.g. "b-Sat” Dipole model [Golec-Biernat, Wuesthoff,

Bartels, Teaney, Kowalski, Motyka, Watt] ...
“eikonalised”: with impact-parameter

dependent saturation

"1 Pomeron”: non-saturating

p—>Jiy+p
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vy,

Significant non-linear
effects expected
even for t-integrated
cross section in LHeC
kinematic range.



6 (W — J/yp)/nb

LHeC J/y & Y Photoproduction Simulation

» Simulated data with heavy vector meson decays to pp.
» Detector acceptance to within 1° of beampipe,

* Lumi = 2 fb! (2 years) E. =50 GeV
600 [ 2 47
500 |- yp%J/wp ?3'5;_ ’yp%Yp
& 3L
400 - o LHeC Simulation o _ ® LHeC Simulation
o H1(HERAD  ,° 23 T o ZEUS (final data) * *
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Precise measurements (even for Y) well into sensitive region



do/dt (yp — Ty p)/ nb GeV™

Elastic J/y Production more Differentially

-® [.HeC Simulation cesessansw =00 ON
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J /vy photoproduction
double differentially
inWand 1 ...

Inclusive cross sec
probes to x, ~ 6.10°

Q2% ~ 3 6eVe~mz2/4

Precise T dependence
will be crucial to
study sat" effects!

Also possible in
several Q2 bins



DVCS at LHeC

(1° acceptance)
[Favart, Forshaw, PN]

s [ O'=30GeV" (stat errors only) Statistical precision
, . LHeC sim (FS4sat, 1 fb™) with 1fb-! ~ 2-11%
-+ LHeC sim (CGC, 1 fb™)

- { With F,, F,, DVCS
| : ! could help establish

E by saturation and

i: distinguish between
' F : . different models
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: Y

: Cleaner interpretation
0.25 [——P

: S in ferms of GPDs at
0 HERA ........................... ﬂ larger LHeC Q? values
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Q?/ GeV?

Diffractive Kinematics at x,=0.003

o LHeC
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- DPDFs currently very poorly
known for p < 0.01.

- Clearer window on factorisation, "

gluon, flavour decomposition &
electroweak effects

» Enhanced sensitivity to
non-linear effects / saturation
(ggbar-g dipoles and beyond).
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(Semi)-Inclusive
Diffractive DIS
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Final States in Diffraction
at the LHeC

* Diffractive masses M, up to
hundreds of GeV can be produced
with low Xzp

* Final states (e.g. jets) at higher
p; and lower B ... much more precise
factorisation and DPDF tests

% Hidata
H1 2006 DPDF Fit B

Events per pl::'1
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o
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o

10
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[RAPGAP simulation]

(ep > eXp)

0

Zéﬂ 30
M _/ GeV

50 100 150 200

DIS Jets

* New diffractive
channels ... beauty,
W/ Z / H(?) bosons

» Unfold quantum
numbers / precisely

S

measure new exclusive 1- states



F,P and Nuclear
Shadowing

Nuclear shadowing can be
described (Gribov-Glauber) as
multiple interactions, starting
from ep DPDFs

’Y*

[Diff DIS]

[eA

b A-2 ~ A

c/D

shadowing]

.. starting point for
Extending precision
LHeC studies into
eA collisions




* Very limited x, Q¢ and
A range for F,* (quarks
unknown for x <~ 102,

gluon very poorly known)

Initial state of LHC AA
collisions ~ unconstrained!

Ratios fnd Pb nuclei

E’g (e (R

With AA at LHC, LHeC is also an eA Collider
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Parton density grows like A1/3
~ 6 for lead!.... big
enhancement in saturation
effects!



do/dt (YA — JAy X) / nb GeV™

First ePb Simulations (Ee = 50 GeV, 2 fb!)
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Precise inclusive data
over vast new eA
kinematic range
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Very promising J/y cross

section: to W, ~ 700 GeV
and t > 1 GeV? ... well within
expected saturation region
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Summary

* LHC is a totally new world of energy and luminosity! LHeC
project aims to exploit it for TeV lepton-hadron scattering

* Measuring multiple observables (F,, F,, F.¢, F,°, VM ..) inep
and eA can lead to a microscopic understanding of non-linear
evolution, unitarity constraints and parton saturation.

» Ongoing CERN-ECFA-NUuPECC
workshop aims at CDR 2010

- Working groups on new physics,
precision SM, detector design,
accelerator, interaction region
->Next major meeting in Divonne,
September 2009

- All ideas and involvement welcomel

[More at www.lhec.org.uk]



Back-Ups Follow
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Luminosity: Ring-Ring
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1.5 |
likely klystron
installation limit
p= Synchrotron rad!
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£y = 3.84m

N, =1.7-10"
Onixy) = Fe(xy)
cm™’s™ B =1.8m
f,, =0.5m
4
. —0.35mA. P [100Gev
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1033 can be reached in RR
E.=40-80 GeV & P = 5-60 MW.

HERA was 1-4 103t cm=? s
huge gain with SLHC p beam

F.Willeke in hep-ex/0603016:
Design of interaction region
for 1033 : 50 MW, 70 GeV

May reach 103* with ERL in
bypasses, or/and reduce power.
R&D performed at BNL/eRHIC

Energy(e)/GeV

cf also A.Verdier 1990, E.Keil 1986




Luminosity/1 0%%cm™s”

Luminosity: Linac-Ring

Ny P P /MW En = 384
L: P = —1 32'—Cm_25_1 N _l 7.1011
dree, S E, E./GeV p =
Luminosity LHeC Linac-Ring ﬁ - 0'15m
1.4 }
| =100mA- . C&Y
MW E,
<o =100mA LHeC as Linac-Ring version
i can be as luminous as HERA II:
0.8

4 103! can be reached with LR:
E. =40-140 GeV & P=20-60 MW
LR: average lumi close to peak

High cryo load to CW cavities

140 GeV at 23 MV/m is 6km +gaps

Luminosity horizon: high power:
ERL (2 Linacs?)

0_.I...I...I.\ R W R R

40 60 80 100 120 140
Energy(e)/GeV



Overview of LHeC Parameters

Table 3: Main Parameters of the Lepton-Proton Collider

Property Unit Leptons | Protons
Beam Energies eV 70 7000
Total Beam Current mA 74 H44
Number of Particles / bunch 1010 1.04 17.0
Horizontal Beam Emittance nm 7.6 0.501
Vertical Beam Emittance nm 3.8 0.501
Horizontal S-functions at IP cm 12.7 180
Vertical S-function at the IP @l 7.1 50
Energy loss per turn eV 0.707 | 6-107°
Radiated Energy MW 50 0.003
Bunch frequency / bunch spacing | MHz / ns 40 / 25
Center of Mass Energy eV 1400
Luminosity 103 em 257! 1.1




Geometric Scaling at the LHeC

G(T:Fp—:»}{)fp,b

10

10

10

10

10

2

HERA
Limit for
Q2>2 GeV?

® [ HeC simulation (x < 0.01, QE =2 GeVE)

(1 fb1)

| 10

10

10

10

LHeC reaches
1~ 0.15 for
Q%=1 GeV?and
1~ 0.4 for
Q2=2 GeV?

Some (though
limited) acceptance

for Q%< Q% with Q?

“perturbative”

Could be enhanced
with nuclei.

| Q%< 16eVe accessible

in special runs?



Azimuthal (de)correlations between Jets

|
o

5 < Q% < 100 GeV?
—1<n<25
Er =5 GeV

¢ smallk, > Ao ~ 180

# large k, from evolution

[Jung]

110%<x<110%]

110 <x <110

110*<x<110"

1107 < x 4110




Forward Instrumentation and Jets

CASTOR region

| ' —_———
: ' l = I ! v I ) it [Jung]
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QE
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X range (and sensitivity to
novel QCD effects) strongly
depend on 6 cut

Similar conclusions for A¢
decorrelations between jets
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Leading Neutrons: Experience at HERA

» Size and location determined by available space in tunnel...
* Requires a straight section at 6~0° after beam is bent away.
+ H1 version > 70x70x200cm Pb-scintillator (SPACAL)
calorimeter with pre-shower detector 100m from IP.

* Geometrical acceptance limited to 6<0.8mrad by beamline

appertures

L1 | L1l
3 10
X (cm)

Very radiation hard detectors needed for LHC environment
c.f. Similar detectors (ZDCs) at ATLAS and CMS



n Structure with Leading Neutrons

(.225
0.2
0173
0.15
0.125
o1
0.075
0.05
0.025

RAPGAP —m—ewchange, theta, 1.1 mrad, LHeC

A | |

0.225

0.2
0.175
0.15
0.125

0.1
0.075
., | 0.05
L 10,025

— LHeC
HERA

L
1

e

D wll} | I | | I | L1 1 | I 1
0o o253 05 o075 1
X FJT,n

02 0.4 0.6 0.8 |

* With 6, < 1 mrad, similar x, and
p; ranges to HERA (a bit more
p; lever-arm for = flux).

+ Extentions to lower  and higher
QZas in leading proton case. > F,”

At B<5.10-2 (cf HERA reaches p~10-3)

[Bunyatyan]
X
(RAPGAP
MC model, S
- X =E, p
E=7TeV, +—0O
E.=70GeV) (t)

| 3
o? (b%vzj

Also relevant to absorptive corrections, cosmic ray physics ...



Electrons in the SPL?

SPL (Superconducting Proton Linac) is part of proposed
CERN p-accelerator upgrade programme.

Linaca .. could be used with simple transfer
I line as electron injector or to provide up
to ~30 GeV electrons for collisions
(LP)SPL
PS2
LHC/ T "-—‘-___7__: E R - . 'S ) || S ‘;.. \“ A
SLHC DLHC e T =T T T
YUE ENPLAN - 1/2500 Linacd [— ==

R. Garoby, CARE-HHH BEAMO7, October’07; L. Evans, LHCC, 20 Feb ‘08



Ring-Ring Solution

* Benefits from long experience of
colliding beam facilites

* By-passes around ATLAS and CMS
Based on existing survey tunnels
(~1.5km of new tunnelling)

* LHC fixes p beam parameters,
e beam matches p shape & sizes

* Fast separation of beams with
tolerable synchrotron power
requires ~2 mrad crossing angle

* E, ~ 50 GeV for acceptable
synchrotron power at 3.1033 cm! s-!
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LIHGC-RIF\Q SO'UT'OHS [Zimmermann et al.]

LINﬁé-Ring Design - tentative

Many lay-outs proposed

Tentative desigh with
acceleration of electrons
via racetrack construction

Somewhat reduced lumi

—

~ 3.10%2 cm2 s for E,~ 100 GeV
at acceptable power i
consumption = energy recovery?

Higher energy (= E, = 150 GeV) possible at reduced lumi

New concept for colliders ... lots of R&D required ...
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Parton Saturation after HERA?

e.g. Forshaw, Sandapen, Shaw  *1 :
hep-ph/0411337,0608161

.. used for illustrations here ™1

Fit inclusive HERA data oo o
using dipole models ] S .
with and without parton S—e ¥ oes

saturation effects e

1
10* 10° 10" 10* 10* 107

X

— FS04 Regge (~FKS): 2 pomeron model, no saturation
— FS04 Satn: Simple implementation of saturation
— CGC: Colour Glass Condensate version of saturation

- All three models can describe data with Q2> 16eV?, x < 0.01
* Only versions with saturation work for 0.045 < Q% < 1 GeV?
.. any saturation at HERA not easily interpreted partonically




First Detector Concepts - Low x Optimised

217 250 217

HaC-Barrel
Modules

» Full angular coverage, long tracking region - 1°

* Dimensions determined by synchrotron radiation fan

* Modular Low material budget High precision
» Technologies under discussion (lots of ideas!)




First Detector Concepts - High Q2 Optimised

217 250 250 250 217 [em]

HaC-Barrel
Modules

<+ 289

» Sacrifice low angle acceptance to beam focusing magnets
» Calorimeter inserts slide inwards

» 2 phases of operation a la HERA?

* Alternatively 2 interaction points (RR only)?




scientific Advisory Committee

Guido altarelli (Rome)

Sergee Bertolucc (CERM]

513n Birodsky [SLAC)

Allen Calfdwel| -chair [RP! Rumnich]
Swapan Chattopadhyay |Sockoroft)
John Dainton |Liverpoc!)

Jahn Elliz |CERM|

Jos EngelendcEAn)

Joel Faltesse (Saclsy)

Lev Lipatov [51.Petersburg)

Roland Sareby (CZAM)

Roland Horishergss (R3]
Voung-Kee Kim [Fermilab)

aharon Levy [Tel &viv)

Karlhaing leer (Heidelberg, BCRL)
Richard Kilner |Bates)

Joachsm Mnech (DERY)

ST8WEN Mwers, |[CERM]

Gusnter Resnar (GlEsgow, NUPECT)
alexander skrinsky | reovosibirsk)
Anthony Thomas [Jlab]

Stewen Vigdor {BHL]

Framk wikczek (nam)

Fardinznd Willeke (BRL)

Stearing Committes

Oftvar Bruening HCEAN)
John Dainton [Cockeroft)
albert DeRosck [CERRN)
srafans Forte [KAilama]

Iax Klein - chair  (Lrvergool
Paul Mewman  (Birminzham)
Emmanuaie Peraz  (CEAN)

Wesley Smith  |[Wisconsing

Barnd Surrow [T
Kateus Tokushuku |KEE)
Urs Wisdemann [CERM]
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The Luminosity v Acceptance Question

* As for HERA-I v HERA-ITI, low B focusing beam elements
around interaction region can improve lumi by a factor ~10

- However, acceptance near beam-pipe is compromised

- loss of low x / Q? acceptance
- loss of high M acceptance

- poorer HFS measurements

ompact magnet design required:
10° = 21 cm outer radius of QIE quadrupole

I° = requires an alternative lattice , optics a




Scenario for Experimental Precision

Requirements to reach a per-mil o (c.f. 1-2% now) ...

. [Klein, Kluge ...]
The new collider ...

- should be ~100 times more luminous than HERA
The new detector
- should be at least 2 times better than H1 / ZEUS

Lumi = 1033 cm=2 s (HERA 1-5 x 1031 cm2 s1)
Acceptance 10-170°(>179°?) (HERA 7-177°)

Tracking to 0.1 mrad (HERA 0.2 — 1 mrad)

EM Calorimetry 1o 0.1% (HERA 0.2-0.5%)

Had calorimtry o 0.5% (HERA 1%)

Luminosity to 0.5% (HERA 1%)

First * pseudo-data’ for F,, F|, F,® ...produced on this basis ...



_HeC Impact on High x Partons and o,

D —
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LHeC simulation, 10 b
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% 01 02 03 04 05 06 07 08 . i0. = 107 1072 102 10"
X X

Full NC/CC sim (with systs giving per mil o, ) & NLO DGLAP
fit using H1 technology...

... full flavour decomposition possible

... high x pdfs = may help clarify LHC discoveries through
interpretation of new states?

[Some of highest x improvement from param" extrapolation]



Can DGLAP adjust to fit LHeC sat models?

[Forshaw, Klein, PN, Perez]

+ Attempt to fit ZEUS and LHeC saturated pseudo-data in
increasingly narrow (low) Q2 region until good fit obtained
* Use dipole-like (6BW) gluon parameterisation at Q,°

A
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How Could ep be Done using LHC?

.. whilst allowing simultaneous ep and pp running ...

RING-RING

* First considered (as LEPxLHC)
in 1984 ECFA workshop

* Main advantage: high peak
lumi obtainable (~3.1033 cm2 s1)

* Main difficulties: building
round existing LHC, e beam
energy (506eV?) and lifetime
limited by synchrotron radiation

LINAC-RING

* Previously considered as * QCD
explorer’ (also THERA)

* Main advantages: low interference
with LHC, high E, (= 150 GeV?) and
lepton polarisation, LC relation

* Main difficulties: lower luminosity
~3.1032 cm2 s1 (?) at reasonable
power, no previous experience exists



Beam Scenarios for First Physics Studies

Several scenarios under study ... see later for justification

confie. E(e)

EN) N JLeO L) [Pol] L/10*F P/MW vears type

A 20
B 50
C 50
D 100
E 150
F 50
G 50
H 50

7 p 1 1 0.4

7 p 5 10 09

27 Pb 0.1 0.1 0.4

1 ) - 1

1.8

0.5

0.1

25

10 1 SPL
30 2 RR hiQ*
30 1 RRIlox
40 2 LR
40 2 1R
30 1 eD
30 1 ePb

30 1 lowEp

ep Studies based on a 20-150 GeV electron beam
and lumi of 1-10 fb-! / year



o LHeC Simulation 2) Lower B at fixed Q2 x;

r.}' E;;@EEEV Simulated Diffra-'::tive %tmcture Function almOST Comple-‘-e lCle Of_
0.1f (subset of accessible Q™ and x; values) infor‘ma'l'ion on DPDFS W|Th

I
-

005k * (10 GCCZPTGHCQ, lfb—l) B<001 so far ...
N T e B Eﬁ;ﬁf&%m LHeC offers p>5.104 ...
iy
o | THEETREER 3 Clearer novel QCD
BE et * (gluon) dynamics?
O'LBI é;éﬂéggvl T ﬁjﬂéﬂggﬁ T f;éogfacef ?HOW does a q—qbar'—g
of o ET BT dipole saturate?
B T R .. Statistical precision
HOEe T osee | omimew | omwo] <1%, systs 5-10%
.1 S - depending strongly on
S S S S 1 forward detector design
o ”hf T
P

(Large rapidity gap method assumed here)



Forward and Diffractive Detectors

* Very forward tracking / calorimetry with good resolution ...
* Proton and neutron spectrometers ...

Nmax Trom LRG selection ...

* Reaching xp = 1 - E,'/E,
= 0.01 in diffraction with
rapidity gap method requires =
Nmax CUT around 5 ...forward
instrumentation essentiall

* Roman pots, FNC should
clearly be an integral part.
- Also for t measurements
- Not new at LHC ©
- Being considered
integrally with
Interaction region

=
=
"

Fl'l ax




LHeC Kinematics for Low x Investigations

Q? (GeVz)
10 p(7000)+e(50)
s Pb(2750)+e(50) _
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102—Pb._ =
e -
0 o7 =
= Qo eew T -
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With AA at LHC, LHeC is also an eA Collider

* Very limited x, Q% and
A range for F,* (quarks
unknown for x <~ 102,

gluon very poorly known)

Initial state of LHC AA
Collisions ~ unconstrained!

Ratios fnd Pb nuclei
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Parton density grows like A 1/3
~ 6 for lead!.. big enhancement
in saturation effects!
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