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61th International Winter Meeting on Nuclear Physics
January 27 to 31, 2025 Bormio, Italy

GENERAL INFORMATION ~ NEWS ~

Long-standing conference bringing together
researchers and students from various fields
of subatomic physics.

The conference location is Bormio, a beautiful
mountain resort in the Italian Alps.

&

'
2025 Edition

jition of the Bormio conference will be held from January 27 to 31 2025 in Bormio (ltaly)

are foreseeing two special initiatives for young students

- PRE-CONFERENCE SCHOOL

- STUDENTS FELLOWSHIPS

f fellowsh | be a
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Donald J. Trump @
@realDonaidTrump

North Korean Leader Kim Jong Un just
stated that the “Nuclear Button is on his
desk at all times.” Will someone from his
depleted and food starved regime please
inform him that | too have a Nuclear Button,
but it is a much bigger & more powerful one
than his, and my Button works!

4:49 pm - 2 Jan 2018
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Form Factors are mm/”

' . +

htTp:/nyperphysics phy-astr.gsu.edu/

Rutherford Scattering

The signature of point-particle

Rutherford scattering of charged particles
scattering 1 \2
o « Discovery = 2 do T a2 of he 1
.j-—--“" of the dN (1 - cosf) =zl 3
@ nucleus d 080 d cos@ 2 KE) (1-cos8)”
large cosp small
angle angle
10°
4
10
10°
dN
dcos B , 02
Scale
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http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html

Form Factors are m/”
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Rutherford Scattering

The signature of point-particle

Rutherford scattering of charged particles
scattering 1 2
o _v Discovery o= 5 do T a5 2 hic |
@+ -~ ofthe dN (1 - cosb) =—z°/°¢ 5
@ nucleus d 080 d cos@ 2 KE) (1-cos8)”

large cogp small
angle angle

+ relativistic electrons
+ nuclear recoll

10 + magnetic moments
0 = Mott Scattering
10
dN do o’ E; ( : )
20 4 20
d cos B 2 — COS™ 5 — sin
10 dQ 4E231n 9/2 Eq 2 2M? 2
Scale i e i
arbitrary 10" Rutherford || Proton | | Electric/ Magnetic term
recoil Magnetic due to spin
scattering

Pointlike Dirac proton!

-1
10 1 L 1 i L 1
-1.0 -0.5 0.0 0.5
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http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html

Form Factors are mm/”
v

htTp:/nyperphysics phy-astr.gsu.edu/

The signature of point-particle Rutherford Scatteri ng
:c‘ga::ﬁ;d scattering of charged particles
.
o v Discovery ‘1,_12 do T oa of he Y 1
g~ ofthe dN (1 - cosf) =—zZ >
@ nucleus d ©c0s® d cos@ 2 KE) (1-cos@)
large cosp small _
angle angle | Mott Scattering
5 do o’ E; q*
107 = e 20 1 n2é
dQ  4E?sin*6/2 E (COS 2 o 2
4 & ~ b, smad £ -
10 Rutherford || Proton | | Electric/ Magnetic term
recoil Magnetic due to spin
3 scattering
107 fAu
dN fo
dcos B 102 _
Scale ? Hofstadter's electron scattering
arbitrary “ data dropped below that expected
10" . for a point nucleus, indicating
-v structure of the nucleus. RERER
1 ' o
o) (%) Lrar
107! i L I i L I i j d<) dS) q -
-1.0 -0.5 0.0 0.5 1.0 ¢ A exp Mott ® .

8 B
oS o, e

&g ConCETTINASFIENTI Hofstadter, R., et al., Phys."RBV, 9%
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Qualitatively, FF accounts for the phase differences between contributions
to the scattered wave from different points of the charge distribution

+ At very low electron energies A > Ip -

the scattering is equivalent to that from a
“point-like” spin-less object

e-

€ + At low electron energies A~ Fp
the scattering is equivalent to that from a
extended charged object

e + At high electron energies A < r),

the wavelength is sufficiently short to
resolve sub-structure. Scattering from
constituent quarks

(for a nucleus, from the constituent protons and neutrons)

+ At very high electron energies A < p
the proton appears to be a sea of
quarks and gluons.




Qualitatively, FF accounts for the phase differences between contributions
to the scattered wave from different points of the charge distribution

*There is nothing mysterious about form factors — similar to diffraction of plane

waves in optics.

i

B

For example:

*The finite size of the scattering centre

introduces a phase difference between
plane waves “scattered from different points
in space”. If wavelength is long compared
to size all waves in phase and F (%) = 1

point-like exponential Gaussian Uniform Fermi
p (?) sphere function
F(Ziz) unity “dipole” Gaussian sinc-like
P N
Dirac Particle Proton SLi 40Ca



Form Factors from Elastic eN scattering

sin qr

0
form factor: F(q2) = 2—9/ p(r) 4rr? dr
r
0 q
dipole
e.g. proton exponential
Fourier
1 1
Nc_% gaussian <~ g .
S e.g. 6| ; ) gaussian
= Transform :
oscillating sphere with
e.g. 0ca diffuse edge
momentum transfer Igql — radius r —
00 :
C : sSin qgr
charge distribution: p(r) = 3 F(q2) d 47g? dg
2% Jq qr

<
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Nuclear Charge Radius
A

10
|
e Cross section over 12
'.__.
orders of magnitude!
lo-i___
10-2}— [ ] .
e THIS is our picture of
03 the atomic nucleus!
10-4
exponential - 0.08
o 3 1 N [ © 1 © 1 <]
E |0-3
,T\ 1076 — j
Lg_ 9
oy .
= —~
g gaussian o7l T oost
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) - 006
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. 004
--- Mean-Field
10710 — - 002 Theory
. —— Experiment
radius r — I I ] j
T
1 | | ! 1 | | N . .
0 05 10 5 20 25 30 35 FIG. 11. Comparison of DME mean-field theory charge dis-
q (fm™) tributions in spherical nuclei (dashed lines) with empirical
FIG. 10. Cross sections for elastic electron scattering from charge densities. The solid curves and shaded regions
208Pb at 502 MeV compared with DME mean-field theory pre- represent the error envelope of densities consistent with the
diction (solid line). e, measured cross sections and their experimental uncertainties.
~ .. P00 o ...
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Nuclear Charge Radius

L. Angeli, K.P. Marinova / Atomic Data and Nuclear Data Tables 99 (2013) 69-95
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Neutron number

charge density p(r) —

s_phere with .
diffuse edge Kinks at closed neutron shells
Regular odd-even staggering

Obvious shape effects
Radii of isotope Increase at ~half rate of 1.2A1/3 1l
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...did somebody already mentioned

LADY AND THE TRAMP neutron-skin to )’OU?
' v - E ; &z -
The neutron skin measures how
much neutrons stick out past

:
| DON'T RECOLLECT IF protons
1 UE EVER MENTIONED OLD
RELIABLE BEEORE
ETA
-a n
c
8 P .
&
¥
g
&
N
z=50 /&
/.=
z=28 : o
Z=20 g4 ¥ ar_cn
' BA
= o N=28 g — o m— — n N (Number of neutrons)
N=20 Ty \ p »
N=%§ © \
\ .
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...did somebody already mentioned

LADY AND THE TRAMP neutron-skin to )’OU?
| 2 ' -
The neutron skin measures how
much neutrons stick out past
. |DONTRECOLLECT IF protons
I'VE EVER MENTIONED OLD
: RELIABLE BEEORE Symmetry energy favours inoving

density

them to the surface o4

#F"  surface tension favours spherical

Z (Number of protons)

e gl il drop of uniform equilibrium
e density

| > CONCETTINASFIENTI

density Zl':-'t-

L‘&Ad, ‘
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The spoiler: reality!
Py & upe g

X. Roca-Maza, at al. Phys. Rev. Lett. 106, 252501 (2011)

T 1
Linear Fit, r = 0.979 z
- 0 Nonrelativistic models A
0.3 o Relativistic models
@ 025 FT T LT T T
Q
5 02
0.15
0.1
0 50 100
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The stairway to heaven

The answer to the ultimate question

=5 o™ S E1I MILLION
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What do these data points have in common?
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The stairway to heaven

Y
NONE is an actual MEASUREMENT of neutron skin!

|
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The stairway to heaven

A ' R
NONE is an actual MEASUREMENT of neutron skin!

i
\

: IT'S OK IF YOU
S| DISAGREE WITH ME.
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The stairway to heaven

(or the highway to hell, depending on your level of optimism)
> }

PV-Asymmetry (Personal selection)

Resonance

Cross-section

Collective
Excitation o— % o R

Hadronic EM Probes
Probes

P
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The stairway to heaven

(or the highway to hell, depending on your level of optimism)
a——

PV-Asymmetry (Personal selection)

long. 3
polarized ¢

unpolarized
target

v Z2° Resonance

PVES Strength

27722..»

| ‘ Cross-section
Collective
Excitation o — @ f:":f‘f"f?
Gl B el
(X | = Hadronic EM Probes
Probes

-
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The stairway to heaven

(or the highway to hell, depending on your level of optimism)

(Personal selection)

| PV-Asymme_etry

Resonance
Strength

27722..»

Cross-section

i) (U
Collective
Excitation o — %

Hadronic EM Probes
Probes

Experimental Challenges
(in unit of frustration)

-
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Exercise nr. 1

(let’s walk down the highway to hell)
| 2 : A

e Proton scattering J. Zenihiro et al. Phys. Rev. C 82, 044611

e Dipole polarisability A. Tamii et al., Phys. Rev. Lett. 107, 062502

e Coherent pi0 C.M.Tabert et al. Phys. Rev. Lett. 112, 242502

e Antiprotonic atoms: A. Trzcinska et al. Phys. Rev. Lett. 87, 082501

e Heavy Ion collisions G. Giancalone et al. Phys. Rev. Lett. 131, 202302

> Step 1: Create a Flow Diagram: Create a flow
diagram of the analysis procedure.

N

miroclic
occurs
Good work,,
but I think we might o
need just a littie mare
detfoil right here. Q

T
B phe
NSt

(*) this is not an acceptable flow diagram!

| g P> CONCETTINASFIENTI #MakeHumansSmartAgain



Exercise nr. 1

(let’s walk down the highway to hell)

& b

Proton scattering J. Zenihiro et al. Phys. Rev. C 82, 044611

Dipole polarisability A. Tamii et al., Phys. Rev. Lett. 107, 062502
Coherent pi0 C.M.Tabert et al. Phys. Rev. Lett. 112, 242502
Antiprotonic atoms: A. Trzcinska et al. Phys. Rev. Lett. 87, 082501
Heavy Ion collisions G. Giancalone et al. Phys. Rev. Lett. 131, 202302

> Step 1: Create a Flow Diagram: Create a flow
diagram of the analysis procedure.

> Step 2: Identify Error Sources: For each step, identify
potential sources of uncertainty.

> Step 3: Quantify Uncertainties: Assign (when
possible) numerical values to each source of
uncertainty.

I ‘S«CONCETT'NASHENT' #MakeHumansSmartAgain



The shortest road ...

)

¢ PV-Asymmetry < mesuredp, >
. e |

long.
polarized

known charge
form factor F,(Q?)

Coulomb corrections —

on

unpolarized
target

weak form factor F,,(Q?)
weak density p,,(Q?)

v

assume surface thickness
good to 25%

\ 4

t of frustrat

weak radius R,

in uni

corrections for
G, G35, MEC

v

Experimental Challenges

known
charge radius R,

e R Theo. uncertainties (a.u)

— SKINAHEAD

-
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The weak interaction in a nutshell

=
* Mediated by 3 massive gauge bosons: W+, Z0
* Wtand Z0 can interact with each other
 Wtandy can interact
* two types of weak interaction: charge (CC) and neutral (NC) currents
* W+ and Z0 also couple to the weak charges of the fermions:
Fermion | electric charge weak charge
Ver Vis Vo § O
<M1, -1
w, C, t 2/3
d, 5 b i
p (nud)
n (udd)
ISCONCETTINASFIE o umansSmartAgain




* Mediated by 3 massive gauge bosons: W+, Z0
* Wtand Z0 can interact with each other
 Wtandy can interact

* two types of weak interaction: charge (CC) and neutral (NC) currents
* W+ and Z0 also couple to the weak charges of the fermions:

Fermion | electric charge |

= _ ___ _ — _ — L . =

Voo Vo Vo |} O

i SR | —~1+4sin20,,% ©

I

et | a3 | 1-%/3s51n20,,

d, s, b > “"‘1*‘4‘/ 33LnR0,,
p (bud) |
n (udd)

- )
I b CONCETTINASFIE

weak charge

e e e —

The weak interaction in a nutshell
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The weak interaction in a nutshell
EX

PV-Asymmetry g

long. =
polarized €

unpolarized ele Ctric Charge 1 O

target

Y, Z°

PVES

weak charge =0.07| 1

Non-PV e-scattering
Electron scattering y exchange provides Ry, through nucleus FFs

PV e-scattering
Electron also exchange Z, which is parity violating and primarily couples to
neutron

-
| b CONCETTINASFIENTI #MakeHumansSmartAgain



The weak interaction in a nutshell
RS

PV-Asymmetry

long. -
polarized €

unpolarized ele Ctric Charge 1 O

target

Y, Z°

PVES

weak charge =0.07| 1

e e e e
el AR

p

6m‘ﬂv‘z+2‘ﬂyﬂzo + |y
(D 1

normalized to @: cx 1 -1 @ interference term
' oE) lmré; wealk interas "

AR N

@ pure EM interaction

S R S
I- CONCETTINAS j

— e e ——— J - . I TR R W - - PN, TR e A
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Parity violation in electron scattering

LETTERS TO THE EDITOR

PARITY NONCONSERVATION IN THE
FIRST ORDER IN THE WEAK-INTER-
ACTION CONSTANT IN ELECTRON

SCATTERING AND OTHER EFFECTS

Ya. B. ZEL’ DOVICH

Submitted to JETP editor December 25, 1958

J. Exptl. Theoret. Phys. (U.S.S.R.) 36, 964-966
(March, 1959)

Electron-proton
Neut D
eutron [y Decay Weak Scattering
V C 7 e e
G F ;» G F
n p P P

-
I b CONCETTINASFIENTI

F

.V VE assume that besides the weak interaction
that causes beta decay,

g (PON)(e” Ov) + Herm. conj., (1)
there exists an interaction

g (POP) (e"0e™) (2)

with g = 10~ 49 and the operator O = Yu (1+iys)
characteristic! of processes in which parity is not
conserved.*

Then in the scattering of electrons by protons
he interaction (2) will interfere with the Coulomb
scattering, and the nonconservation of parity will
appear in terms of the first order in the small

titv_g.}] Owing to this it becomes possible to
test the hypothesis used here experimentally and
to determine the sign of g.

In the scattering of fast (~ 10® ev) longitudi-
nally polarized electrons through large angles by
unpolarized target nuclei it can be expected that
the cross-sections for right-hand and left-hand
electrons (i.e., for electrons with o+p > 0_2
g+p < 0) can differ by 0.1 to 0.01 percent} Such
an eiiect 1s a speciiic test 1or an interaction not

conserving parity.

A s dam e el

#MakeHumansSmartAgain



PVeS: How to ....
N 3 (e
e N .. ( h VR

e o e (4
I [
e 3 [ I - e i
| € [4 e e

———

l()ngituglinahy rqflect:op
polarized \e. I I g \g‘
\_ R A / \_ J

> One of the incident beams longitudinally polarised

» Change sign of longitudinal polarisation

g « |AEM+ Aweak

2
The matrix element of the Coulomb scattering ~ _|_[2 A* }
is of the order of magnitude e’/k?, where k is ‘AEM ‘ AEM weak

» Measure fractional rate difference |2

Parity-violating

quently,
Coulomb term is of the order of gk?/ e?, _ Gr G! ~ Aweak G F QZ
tuting g = 107°/M*, where M is the mass of the APV - OC.+0 A_ ~4
nucleon, we find that for k ~ M the parity non- * * EM T
conservation effects can be of the order of 0.1 to

V01 narcants 2=0.1-1GeVZ2 = Apy<106-104

.. 10€0 4
L . CONCETTINASFIENTI V #MakeHumansSmartAgain
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PVeS: How to ....
’

PV-Asymmetry

2
long. e
polarized . O, m 7777777777777777777777777777
Y Zo unpoj.::;zgee(: >V\‘YA/< + > Z0 < LN | -to measu re EEE > Zo <
’ ) Nof N e N

PVES

-
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..SO where is hell?
| 2 ' : 4 -

dQ /. | do
7 APV =

Electron beam ‘/ d()’ dO’

-
=

0T 92084

C.Y. Prescott, et al.

GUN BEAM MONITORS
<L CURRENT '
C ENERGY T T MBLLER
ANGLE

GoAs SOURCE ! -J
L wu COMPUTER

Hr e At Hr g

it 0

counting electrons

| g P> CONCETTINASFIENTI #MakeHumansSmartAgain



PV-Asymmetry

long.
polarized

unpolarized
target

Y, Z°

Welcome to Hell!

e (Generation I
e (Generation I
e (Generation III

e (Generation IV

PVES

: _(do)

| Apy = =
(do) , (do)
\d), \dQ)

Electron beam 4
» m

.

—_—

1077 1076 1077 104 1073
APV

P. Souder and K. Paschke, Front. Phys. 11(1), 111301 (2016)

<3
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Welcome to Hell!
p 1

PV-Asymmetry

_4' e (Generation |
unpolarized 10 1 e Generation II
rareet 1 e Generation III
e (eneration [V

long.
polarized

Y, Z°

PVES

- Essentially means 1.5% on A,

- A, is 40 parts per billion

+ O(A,,) is 0.6 parts per billion

1078 1077 1076 1077 104 1073

5(APV) X ﬁ Apy

P. Souder and K. Paschke, Front. Phys. 11(1), 111301 (2016)

<3
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Welcome to Hell!
y -
¢ < measured Apv>
v

unpolarized : known charge
target Coulomb corrections &= form factor ., (Q?)

i
weak form factor@
1 weak density p,(Q?)
5 (A PV ) 0.4 —,—N T

assume surface thickness
good to 25%

.... heed a few N=1018 e- <t>
!

long.
polarized

Y, Z°

... close to 1011 electrons/s

corrections for
G.", G, MEC

v

neutron radius R known
" charge radius R,
...but statistics is not everything! Q/

neutron skin R

skin
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...if you are going through hell keep gomg'
Py A i

Blinding factors
i

Raw Asymmetries

(Ameas)

% CONCETTINASFIENTI #MakeHumansSmartAgain



Have you blinded your analyst?

—

Speed of Light Measurements (1878 - 1983)
300.0

299.9

299.8

Speed (x 10~ Kilometers/Second)

I BM‘“

—_—t
1860 1880 1900 1920 1940 1960 1980 2K

Yaur Figure 6

Just a coincidence that there are
several measurements in a row that
have close to the same central values?
Even with such large uncertainties?

CONCETTINASFIENTI
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Neutron lifetime (s)

v for n+pe v,
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Credit: D. Armstrong
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Armstrongs’ criterion: when to blind
A =

Blinding is a good idea* for any analysis in which:
a) there is judgment involved -eg.setting cuts, choosing data sets, deciding
on background subtraction techniques, which polarimeter to trust, linear
regression vs. beam modulation, Qzambiguities, GEANT 3 vs GEANT 4
radiative corrections, etc.

and
b) there is an “"expected” answer, eg.from precise previous experiments or

theoretical prediction -eq.....ALWAYS!

*translation: absolutely flipping essential

P
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Armstrongs’ criterion: when to blind

4 e

Blinding is a good idea* for any analysis in which:
a) there is judgment involved -eg.setting cuts, choosing data sets, deciding
on background subtraction techniques, which polarimeter to trust, linear
regression vs. beam modulation, Qzambiguities, GEANT 3 vs GEANT 4
radiative corrections, etc.

and
b) there is an “expected” answer, eg.from precise previous experiments or
theoretical prediction -eq.....ALWAYS!

*translation: absolutely flipping essential

F. Sammarucca Symmetry 2024, 16(1), 34

Type of Measurement

Extracted Neutron Skin in 208Pb

Proton-nucleus scattering [4]
Proton-nucleus scattering [5]
Proton-nucleus scattering [6]
Proton-nucleus scattering [7]
Polarized proton-nucleus scattering [8]
Polarized proton-nucleus scattering [9]
Polarized proton-nucleus scattering [5]
Pionic probes [10]
Pionic probes [11]

Coherent 7t photoproduction [12]
Coherent 7t photoproduction [13]
Antiprotonic atoms [14]
Antiprotonic atoms [15]
Antiprotonic atoms [16]
Electric dipole polarizability [17]
Electric dipole polarizability [18]
Electric dipole polarizability

via polarized scattering at forward angle [19]

Electric dipole polarizability [20]
Pygmy dipole resonances [21]
Interaction cross sections [22]

(a,a’) GDR 120 MeV [23]
a-particle scattering [24]

0.35 -
0.083 — 0.111
0.211 +0.054
—0.063
0.20 + 0.04 0.30 1 |
0.16 = 0.05 _.0.25-
+0.054 é
0.211 +0- s
—0.063 -
0.11 + 0.06 c 0.20 3
V4
+0.01 o I
Owi%ﬁﬁm 8015- {
0.20 2503 =
0.20 (£0.04) (0.05) 3 0.10 - ¢
0.16 (£ 0.02) (£0.04) 2 /!
0.15 4 0.02
0.13 — 0.19 0.05 -
0.165 (0.09) (£0.013) (£0.021)
0.025 0.00 A
0.156 0057
0.18 + 0.035 . . . I .
o o o o
of S S o
0.19 = 0.09 D > D o
Year

S

CONCETTINASFIENTI
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...if you are going through hell keep going!

Blinding factors
i

Raw Asymmetries

(Ameas)

Typical corrections:
> Helicity correlated corrections

> Background Asymmetry _ Unb“nd -= P PhyS. Asymmetr|es
» Beam polarisation (Aphys)

» EM radiative corrections

ISCONCETTINASFIENTI
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...if you are going through hell keep going!
| A v e

] ] Electron Beam Asymmetries arise from Laser Beam Asymmetries
Blinding factors
|

Intensity Asymmetry Position Difference  Spot-size Asymmetry

A %

Intensity Asymmetry from Position Difference from Spot-size Asymmetries from
Laser Polarization Asymmetry Polarization Gradient 2"d moment Polarization Gradient

OliA

Polarizing element |
(i.e. photocathode) ~ ‘eftHanded .4

Raw Asymmetries

. . I
Typical corrections:
> Helicity correlated corrections

> Background Asymmetry . Unblind EaE 2 PhyS. Asymmetr|es

» Beam polarisation
» EM radiative corrections

(Aphys)

ISCONCETTINASFIENTI
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Data analysis
' h - | T -

Bllndlng fa ctors Acorr = Adet 3 Abeam = Atrans == Anonlin = Ablind
|

Acorr = PL Z f,A,
Aphys = Bpadeorr Raccept RQZ !
B =)

T—

Raw Asymmetries

Typical corrections:
> Helicity correlated corrections

> Background Asymmetry _ Unb“nd -= P PhyS. Asymmetr|es
» Beam polarisation (Aphys)

» EM radiative corrections

[SCONCETTINASFIENTI
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The art of being consistently wrong

%

dp — GrQ@ Quw  Fw(Q?) > LFw _ \/(AAPV)2+ (AQ2)2+ (AQW>2+ (AFch)2

a2 A Fon(Q?) Fyw Apy Q? Qw Ien

-
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The art of being consistently wrong
- '

AO2\ 2 A 2 AF. 2
)
Q QW Fch
— : Absolut Relati
Acorr = Adet 5 Abeam = Atrans — yonlin — Ablind (:;r::)e e(i/";ve

_ GrQ® Qw Fw(Q?)
47TO&\/§ A Fch(QQ)

Apv

Polarization 0.0083 1.3
Acorr = PL 2,- flAl . :
A e R Raccept 02 Detector Linearity 0.0076 1.2
= PL(I o Zi f,) Beam current 0.0015 0.2
— " normalization
Rescattering 0.0001 o
Transverse 0.0012 0.2
Polarization
Q32 0.0028 0.4
Target Backing 0.0026 0.4
Inelastic States 0 0
TOTAL 0.0140 2.1

P
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The art of being consistently wrong

Ao — GrQ* Qw Fw(Q?)
pv = 0

47’(’0&\/5. A .Fch( 2)

A e e = | - e A S it tis Terts Absolute |Relative
corr det beam trans nonlin blind y (ppm) ( %)

ok _Pp Z f e Polarization 0.0083 1.3
A — R st Ly Detector Linearity 0.0076 1.2
phys radcorr *Yaccept Q2
PL(I = Zi f,) Beam current 0.0015 0.2
— " normalization

Rescattering 0.0001 o

Transverse 0.0012 0.2
) 6’ Polarization
2 (6, 4E”sin £ Q? 0.0028 0.4
'

—q —Q =4 E'sin’ 2 = F s 9 Target Backing 0.0026 0.4

|-k sin Inelastic States o o
TOTAL 0.0140 2.1

-
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Apy =

The shortest road ...
EX

Gr@Q® Qw Fw(Q’ AF AApy\2  [AQ2\%2 [A 2 AP\
R R S CORCINCORCS
drav/2 A Fu(Q?) Fw Apy Q? Qw Fen
6.1 =
= 208 _
- Pb s
61— _
E 5.9 1% E
o 5.8/ _:0'3 DF;
g E n o
§ 570 'tQ2§
- - ] »
= ]
© N = =<
_ — 0.1 ®
g 5.6: - g
5.5 == S

CONCETTINASFIENTI

540 560 580
PV asymmetry APV [ ppb ]
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Welcome to Hell!
AN . .,

.... heed a few N=1018 electrons!

+ Beam current 150 pA

. Polarisation > 85%

+ High precision polarimetry

Ask Nikita :-)
[SCONCETTINASFIENTI

#MakeHumansSmartAgain



Exercise nr. 1

(let’s walk down the highway to hell)
| 2 : A

e Proton scattering J. Zenihiro et al. Phys. Rev. C 82, 044611

e Dipole polarisability A. Tamii et al., Phys. Rev. Lett. 107, 062502

e Coherent pi0 C.M.Tabert et al. Phys. Rev. Lett. 112, 242502

e Antiprotonic atoms: A. Trzcinska et al. Phys. Rev. Lett. 87, 082501

e Heavy Ion collisions G. Giancalone et al. Phys. Rev. Lett. 131, 202302

> Step 1: Create a Flow Diagram: Create a flow
diagram of the analysis procedure.

N

miroclic
occurs
Good work,,
but I think we might o
need just a littie mare
detfoil right here. Q

T
B phe
NSt

(*) this is not an acceptable flow diagram!
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Exercise nr. 1

(let’s walk down the highway to hell)

& b

Proton scattering J. Zenihiro et al. Phys. Rev. C 82, 044611

Dipole polarisability A. Tamii et al., Phys. Rev. Lett. 107, 062502
Coherent pi0 C.M.Tabert et al. Phys. Rev. Lett. 112, 242502
Antiprotonic atoms: A. Trzcinska et al. Phys. Rev. Lett. 87, 082501
Heavy Ion collisions G. Giancalone et al. Phys. Rev. Lett. 131, 202302

> Step 1: Create a Flow Diagram: Create a flow
diagram of the analysis procedure.

> Step 2: Identify Error Sources: For each step, identify
potential sources of uncertainty.

> Step 3: Quantify Uncertainties: Assign (when
possible) numerical values to each source of
uncertainty.
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Discussion

(let’s walk down the highway to hell)

-
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Anatomy of a Parity Experiment

The E122 Experiment at the Stanford Linear Accelerator Center

GUN

C.Y. Prescott, et al.

GoAs SOURCE

pol

specialized

optics
laser
' ]

BEAM MONITORS
1 CURRENT .
ACC ENERGY TARGET MPLLER
; ACCEL. POSITION @ POLARIMETER
| ANGLE . )
I ) e[“‘ -
/e
. S &
L SR -
wu COMPUTER N
' 4"57-6.
'l

TO ELECTRONICS = - '—

TO ELECTRONICS =—

<> Beam helicity sequence is chosen pseudo-randomly

zea-source

Krishna S. Kumar

L\ GaAs * Helicity state, followed by its complement
N o T * Data analyzed as "pulse-pairs”
% % 100 kV ' R ' R ' R
ckels cell HV
A\ polarized r Window.,
. electrons | :
Accelerator | L L L L
half-wave plate ! . 4 ) - ; . ‘
15 Hz

Physics with Parity-Violating Electron Scattering 7



Anatomy of a Parity Experiment

The E122 Experiment at the Stanford Linear Accelerator Center
| C.Y. Prescott, et al.
GUN . BEAM MONITORS

| CURRENT
. ~ ENERGY 1 TARGET MOLLER
ACCEL. BOSITION |- ‘ POLARIME TER

' ANGLE h

LqJ.(,CMPUTER--J

xr

GoAs SOURCE

TO ELECTRONILC

e Beam Monitors to measure T0 ¢
helicity-correlated changes in
beam parameters

 High-power cryotarget
30 cm long for high
luminosity

Krishna S. Kumar Physics with Parity-Violating Electron Scattering



Anatomy of a Parity Experiment

The E122 Experiment at the Stanford Linear Accelerator Center

Krishna S. Kumar

GUN

GoAs

SOURCE

G —

BEAM MONITORS

CURRENT

ACCEL.J= ENERGY

POSITION
ANGLE

C.Y. Prescott, et al.

(0, TARGET)

MOLLER
POLARIMETER

L—« wu COMPUTER

|

Physics with Parity-Violating Electron Scattering

e Polarimetry




Anatomy of a Parity Experiment

The E122 Experiment at the Stanford Linear Accelerator Center
| | | C.Y. Prescott, et al.

— BEAM MONITORS
CURRENT 3
- ENERGY TARGET MOLLER |
% AC}EL. o 02 GET) |POIL ARIME TER
| ANGLE
GoAs SOURCE ! J
Ly. COMPUTER

TO ELECTRONICQS =———————

TO ELECTRONICS =

* Magnetic spectrometer e Flux Integration

directs flux to background- measures high rate

free region without deadtime
Calorimeter

] I

_______________ ||
=
P e SR
P
S NN —
P —
LSRR RS R
P

e >

///// ] = : copper phototube integrator

electron flux [ : quartz
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