Using crystals to solved the nucleon
spincrisis TODAY ... and looking
for physics beyond the Standard
Model TomorrowINA59 RESULTS




What 1sNA59?

* Fixed target experiment at CERN with
unpolarized 180 GeV electrons.

* Purpose: test the birefringence of crystals
to develop:
— | /4 platefor E > 100 GeV
— polarimetersfor beams
e By-product:
— test new LARGE single crystal diamonds



Why NAS9 results could be important
for both near & tar future?

‘Spin Crisis: Polarized Open Charm
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Contributionsto the Nucleon Spin

Sz=3=zAX+Ag+ L+ L,

AY = Au + Ad + As = Fraction of Spin carried by Quarks
Ag = Fraction of Spin carried by Gluons
LigyLig = Fraction carried from Angular momentum

= Eq. (1)= ISOSPIN: n = epvr, :
a3 = Au — Ad
= FiD = |ga| = 1.257(3)

= Eq. (2)= SU(3): hyperon [3-decay:
ags = Au+ Ad — 2As
— 3F — D = 0.58(3)

> Naively: ag = Au+ Ad + As — AYX(As = 0) = 0.58(3)
— FELLIS — JAFFE Asumption!
) EXPZFl — /(}1 (J)d&j X as, ag, agp — &E(Qz = GPV) — 028(5)

— As(Q? =5 GeV) = —0.10(2)



DISwith charged leptons:s=s- 0.5Ds h

i (E) W(E) uP — /X (Inclusive)
g — Spin independent (/, F})

=0.5*Q"2/(E-E’) Y (Q"2)
R0 ¢ =q +¢

£ q’ Ao — Spin dependent (g1, o)

P “1 .. SO |
= }x 0 =4q'—g¢
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= 'deduced’ unpolarized S.F.:
Fi(z, Q%) = %Zez{q(m, Q%) +q(z,Q%)}
= 'deduced’ polarized S.F.:
g91(z, Q%) = 3 X e*Aq(z, Q%) = 3 X e{d(z, Q%) + 4(x,Q%)}
= 'Fraction’ of nucleon spin carried by quarks:
Y(Q%) =X [Aq(z,Q%)dx  Ezxperiments find 30% 777
= 'SPIN CRISIS’ < 'violation of Ellis-Jaffe Sum Rule’



What Could bewrong?

(1) F/D parameters measured in hyperon
semi-leptonic decays not properly used

e A 15% reduction in F/D
would reduce the effect ....
SU(3) symmetry breaking
effects needsto be better
under stood.

« KTeV dataon x® Stn,
already making an impact
(SU(3) problemsreduced)

e NA48isnext...sampleat
least 10X bigger
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Or (2:Dgt0 [ a0t DS
due to gluon contribution

» Model dependent solution: Quarks contribution to the
nucleon spin from a NLO pQCD-fit of all g;(z, Q%) data
available (assuming the AB-scheme) :

AX(QF) = u.“—l—nf%;-Ag(QQ) = Ag=1.6 103+ 1.0
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= Most of the gluon contribution is at = > 0.01



Basic Concept to createcircular 'S

Radiator A/ 4 Plate Analyser
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FOCUS over... improve COMPASS (change Mbeam to -beam)



Experimental Setup

, Vacuum Chamber 1 XTAL 1 XTALZ2 Vacuum Chamber 2
© with goniometer, / (Si Radiator) (Diamond Analyzer) with goniometer
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e Spectrometer for pair reconstruction

eEM for measuring full energy loss

¢S detector to measure beam multiplicity

¢2 analyzing crystals used for linear polarization
(Ge & Diam.) to test method



Beam (proper angular divergence)
Spectrometer (good acceptance)

122=1 hit CH1+2 hitsCH?2
+ 2 hitsCH3



NAS59 Experiment reguirement

e Large number of high energies 's,
ther efore cannot use an amor phous
material to make e- radiate, because In
that case the energy distribution of
emitted ’'s goesas 1l/E

 High degreeof linear polarization for the
emitted ’'s

Both requirements can be achieved from
coherent radiation of e in an aligned

crystal



Enhancement of HE ’'sin for
e radiating in aligned crystals

CB=Coherent Bremstrahlung
SOSradiation has 2 components:
*CB from the string of atoms

* High energy

* Not polarized
*Channeling

* Low Energy

e 100% linearly polarized

CB radiation across plane:
* Moderate Energy
 Moderate linear pol.




Radiator Crystal: Aligned 1.5cm
S crystal

Total radiated
energy with NA59 NAES data \
radiator setting. B 3
total energy radiated \
measured with
calorimeter




CB Setting
deduced from
data—70 rad

from aL00n

Crystal radiator setting
checked from the data:
eEnhancement

eSingle

Caorimeter

Spectrometer



CB Prediction & Datain good
agreement, so let’s check the
polarization

Single
Intensity




Stokes parameter used to
described polarization

2— 2 2 2
Ptotal_ 1+2+3

2= 2 2
I:)Iinear N 1+ 3

P 2— 2
circular 2

Measure with crystal at 45° vs 135°

Measure with crystal at 0° vs 90°

Not measurable using crystals




Expected linear polarization for chosen
CB settings, & beam diver gence

>0, =0, 70

Linear polarization
produced perpendicular
to the crystallographic
plane of the crystal
radiator



NAS9 Purpose #2: Use birefringence
capabilities of crystalsto develop
Polarimetry techniques

Pro ny Cabibho ‘ 62:

[l inear Polarization analyzer (Abs.):
(n-n)u s( .9 -s( ee)
P W, - W,

W.dependsin therelative angle between the
crystal plane and the polarization




Description of Asymmetry

Analyzing Power for both Ge and Diamond can be
calculated in areliable way!



| ncreasing sensitivity with y cut
(Apyan et al)

B (n,-n) strongly dependent ony=E /E,



Analyzer Crystal: analyzing power
for all measurements made

C 6.2 mrad
— from axis 4007

465 microns
From (110) plane
C 6.2 mrad

from axis 4100
560 microns

rom (110) plane

Ge 3 mrad
from axis 400
On the (110) plane



Data Taken — S Radiator 1.5 cm

Radiator |Pol. | nduced Analyzer | Goal
setting | Conversion | Polarization | Setting
linear Ge y
1.0cm
linear Diamond y
4mm
L ambda/4 elliptical Ge

1.0cm




CB & Ge-analyzer asymmetry
¢) tomeasure »0& .0 @D




P Diamonds
Synthetic large crystal diamonds High purity diamonds,
produced by de Beers, in collab. pre-aligned tile array
with Friedel Sellschop made by Andreas

Freund @ Grenoble



4 tiles:
8mm X 8mm
4mm thick

O degree 90 degree
Configuration for O and 90 degrees

|ndividual
Diamond Tiles
| dentified
Offline




Scanning revealed one misaligned
tile, asymmetry shows which one [l

Tile off by 2 degrees




Theasymmetry for tile 3and 4
of diamond array

Tile #3 excluded from all analysis, alignment problem believed to
have occurred during transportation (Tile#1 & 2, also ok!)



Results with diamond analyzer

eSame beam polarization
& conditions as with Ge,
but asymmetry is about
2x larger, as expected
due to the higher
analyzing power of
diamond

e Asymmetry between
50-60 GeV, appeared
due to analyzing power
of diamond in that
region, not present in Ge




Aligned Crystal Suitable as
Linear Polarization Analyzer

eDifferencein absorption dueto birefringence
effects (Imaginary Component) in aligned
crystals Is clearly visible at high energies.



NAS9 Purpose#1. Test
birefringence capabilities of

crystals tomakel /4-plate

Proposed by Cabibbo ‘ 62:

|I|/4—p|ate requires (Dispersive part):

B\ (NeN)E=p/2/L

Wherel isthecrystal length



| /4 - Plate Crystal: 10cm S

* TheS | /4 plate crystal
mounted on the annular stage.
The crystal has a diameter of
5cm and alength of 10 cm.



| /4 - Plate: Length dependence

Polarization conversion inthe Si | /4 plateasa function of
crystal thickness. (Stokes parameter s)



| /4 - Plate... some comments

1) IfP_(0)* 1, then
(LAL)+ ;2wL))/(1- ,2L))=const.

5)10cmthick S [ cm Diamond
18% of  survive [B0%

Lhitial motivation to develop diamond
tiles....



Data on Calorimeter Energy
With/Without | /4 - Plate

High multiplicity
region

I

Low multiplicity
region

X, S =9.36cm



Increasein  multiplicity observed
as expected (18% of survive)

Quarter Wave

Platen —




Changein Polarization dueto | /4- Plate



Expected polarization transfor mation

O before
M easure
Measure Ovn -
From / rpp

ee

\ _



Detection of polarization from
asymmetry measur ement after

| /4 - plate

2X more data available




Summary: Resultsuseful for LC

» Cabbibo wasright! aligned crystals show
birefringence at GeV energies

oA (ncé-n”) ... Allow usto makel /4 plate
®A (N,-N) ... Muchfaster polarimeter
techniques

These two features can be combined to make beam
polarization monitors for future LC (e- and )
Calculations needed for predicting these effects seem
to be well under control... good agreement between
data and prediction.
eDiamonds are the way to go....



Now, what about physics
beyond the Standard M odel?

NLC-TESLA CLIC
eeZh/ \
gg H, A cover thewhole cLIC-1 ggh
tanb-M , plane

gg h Measure G,
gg h CPviolation!!! Multi-TeV eeX



ggcovers
themissing
LHC-LC
region

P
4



Signal for h_ for ggcolliderswith

NL C parameters (CLIC1=2*NLC) [l
complete laser design available

Pcir:80% P”n:60%



Comparison of luminosity for circular

and linearly polarized lasers
P=P =-1 x=45 E_=103 GeV

-100% laser pol.
B gives 60% linear
—_— pol.
-E =206 GeV,

Imlaser

— -CP-even Higgs:
dA, = 0.016,
dA JA = dCP/CP

=0.11
10’ s



CP Deter mination of SM Higgs
and possible CP-admixture

New physics could be hidding herel! /




Keep iIn mind... not easy to
measureCPat LHCand LC

e In both casesthe can usethe analyzing
power of t-decays

e |n associate produciton with top tth

* For the heavier higges, we can also use
ZZ-decay mode.

All the above work in a given region of
tanb-M , plane



How arethislinearly polarized beam obtained?



To get high degree of linear
polarization x»0.5

« That means... for a 120 GeV Higgs
- E=250 GeV E =60 GeV

— Laser 10 mm (CO, laser under consider ation,

technology not demostrated, but we will get 30%
better presicion on dCP/CP)

* Thismethod becomes almost impossibleto
produce linear polarization of heavy Higgs



Can weimprovethelinearly
polarized beam and develop
method for the Heavy Higgs era?

Crystals come back....
CB radiation could give
The linear polarization
And luminosity needed
Ex

T E .= 250GeV
4 mm diamond
64 % conversion eff.

g =40 mrad
y = 25mMm




At a 120 GeV thepolarization is
~80 % and Luminosity higher that
with laser... to belook at more
carefully... tuned for M,=120 GeV

lgnore
units on

luminosity
for now...




Conclusion

THINK OUT SIDE
THE BOX...

eam and detector R& D crucial for the
future of our field



