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CHARGE SYMMETRY BREAKING IN QCD

simplified version of Ch. Hanhart introduction “From QCD to dd—»an° and back”

1 .
r Qg = 2(1+V§)q/:><: ,/

£QCD = iﬁl_ (a,u'ylLl + iQYuAHL)’q’L,T»iGQ(a’M"YH + iQYuAu )CIR - ﬁ;e\g\\/l\QL T’ﬁ/LMqR +

terms with 1 transform differently than terms with fc;

. 1 0 . 1 0
Pes1Pes = (O 1) PesTsPes =( 0 1)

In QCD charge symmetry is broken by:
up and down quarks mass difference ~m -m,

guark electromagnetic interaction ~ e?
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CHARGE SYMMETRY BREAKING FOR HADRONS
CHIRAL PERTURBATION THEORY - ChPT

effective Lagrangian for hadrons with the same symmetry as QCD Lagrangian
ChPT Lagrangian structure fixed by symmetries

e

Am,, = -4B(@, - m)c, = (-2.05£0.3) MeV
m,-m,=Am,+Am, d -5

Am_ = ff f,=(0.7£0.3)MeV

static isospin
violation

(-

o NN vertex _ e B s Mo
U )
L_JE TC// ,

e ,’

g > m// ﬂ1= mﬂ'

> N & N m,+my{ my

pion mass difference usually dominate isospin symmetry breaking
but it does not contribute to charge symmetry breaking = measure CSB reactions
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NULL EXPERIMENTS

P |d>=|d> P.|*He >=|"He >
P 1" >=P. [ul-dd>/vZ2=—|dd-uu>/2=-|z">t=> O = ()
P |dd >=|dd > P.|*Hen’ >=—|"Hen® >

first observation of dd — “Hen?
Phys. Rev. Lett. 91, 142302 (2003)
Q=14MeV,c=127£22pband Q=3.0MeV,0=15.1+£3.1pb
very close to threshold, only S wave

d d
4 Pes NP >=~—|pn > />/
/‘ PP |dn®>=—|da’> P /
T

c(0) = o(n-0) => Ay =

first measurement of non-zero asymmetry in np — dn’
Phys. Rev. Lett. 91, 212302 (2003)
Ag, = [17.2 £ 8.0(stat.) £ 5.5(sys.)] x 104
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ChPT CALCULATIONS OF dd — “Hen"

« realistic 2- and 3-nucleon interactions
* hybrid ChPT calculations (initial state cannot be treated by ChPT)

N e ) N e D TNC eHe )

\ \ "] \ S ~—
\ \
\ P \
% -7 ®B1 A T
- B,
N N L~ N
Corarst D Caraist 5 (Cadist D
LO : NNLO :
the only one possible for s-wave first non-vanishing contributions
strongly suppressed due to selection Important for p-wave
rules in spin and isospin space (larger energies above threshold)

additional observables are needed
* p-wave in dd — *Hen® = B, ~m, - m, may be extracted
(polarization observables allow to disentangle s- and p-wave contribution)
« Charge Symmetry Conserving dd — SAN= reaction
(ChPT with known amplitudes, control of initial state dd — “Hen?)
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EXPERIMENTAL TECHNIQUE e e
P. Podkopal Ph.D. thesis
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S000

FORWARD DETECTOR CALLIBRATION

':-:-:__:

b

3 layers with 48 detectors each

ol oz o4 o

.in'i.l]ll::'l__"_l1 I/ ch

energy resolution o = 9 MeV improved by kinematical fit
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LUMINOSITY DETERMINATION USING dd—3Hen

¢ [ ndf 331473 | dd—3Hen — ppem = , 1.890, 1.992, 2.492 GeV/c
Prob 0.3458
g Constant -0.4021+ 0.1873 dd—)sHp - pbeam = 1109, 1380, 1493, ) 1787 GGV/C
902_ p=1.38 GeV/c Slope 1.865+ 0.3173 _ _
80F- _--» parameterization for 3 beam momenta
S0 ; el »> for each angle interpolation for 1.2 GeV/c
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CHOICE OF INDEPENDENT VARIABLES

Jacobi coordinates
P=p,+p,+p,=0
1

EI=E +E,+E [(E2+E3)|61_E1('32+|33)]=I31
1 2 3
B} 1 ) L )
2 TE3

o!
-

I
Ol

M,; — invariant mass of particles 2-3

Z — beam axis

_ s M2 Mz

; 2s b
_ \/7\«(|\/|§3,|\/|§,|\/|§) """"
b= 2M,,  fmmmgmemf®eetemes

~" 4 independent variables:
€0s0,, €00, My3, @
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QUASI-FREE REACTION
T | spectator Phys. Rev. C54 (1996) 1732
d dp— °Hex’

parameterized total cross section and angular distributions
3He for 20 beam energies in the range of 397-429 MeV

neutron momentum from deuteron wave function
calculated with Paris potential

total cross section for target + beam spectator
c=0.58pub +0.58 ub =1.16 pb
present data and the model are absolutely normalized

= - G 09
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> | o -
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PARTIAL WAVE DECOMPOSITION
No. S; L. L, I Sos | Log | Jog J transition
1 1 1 0 |12 | 12| 0 | 12 ] 0 |3P>?S,1S, <
2 1 1 0 |12 | 12| 0 | 12| 1 |3P>IS,!s,
3 0 0 0 |12 |12 ] 1 | 12] 0 |1iS,>S, P,
10 | 2 0 |12 | 12| 1 |32] 2 |5G,»s,!P,
11 | 0 1 | 12| 12] 0 | 12] 0 |1iS,>P,1S,
18 | 2 4 1 |32 12| 0 | 12] 2 |5G,>WP,1S,
d'e ocA0+A1q2+A3p2+lA2q2(l+ 3c0329q)+
2ndM ,,dcos 0, dcos 0, de 4

+ %A4p2(1+ 3C0S 29p)+ Aspqcos0,cosB, + Agpgsind, sind, cose

Yo (QR) > J (QR) Q"

approximation: amplitudes proportional to

q-ip
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sS—wave
pS—wave L,=1L,,=0
sP—wave L,=0,L,, =1

L,=0,L,,=0

sP and pS interference




FORMULAE FOR DIFFERENTIAL DISTRIBUTIONS

(Vs-m,)? (Vs-m,)? (JE—Ml) (Vs-m,)?
ls= Ipq dM 23 IpS Ipq dM 23 I Ip qu 23 IpS+sP = Ipzqz dM 23

('V|2""V|3)2 ( 2+M 2+M (M2+M3)2

do =4nC B+@l+3c0329)
2mdcos 0, | 4

99 _ snc|B+ YA )14+3c0s20, )1,
2ndcos @, | 4 i
2
OI—G=8nC B+ | )s4sp COSQ

do 16
do i 2
=16n°Cpa&, + A,g + A,p)
dM ,,

do 1 1
2md(cos @, £ cos0,) B 4nC[B +§A5|p8+sp —E(Aoks +A s AL+ A +A L | p3+sp)

c:os()IO —coseq‘+

+%(A2|pS +A,l,;)[cos@, —cos8,|’ +%A4(1+ 3c0520, )1, —%(Azlps +AlL @lmp)
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dd—3Henn’ DIFFERENTIAL DISTRIBUTIONS

13 October 2011
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SUMMARY

» total and differential cross section was measured for the first time
for dd—°Henn® reaction at beam momentum 1.2 GeV/c (Q = 40 MeV)

Ot = (3.81 % 0.01,,, % 0.42,,.) ub

» 30% contribution of quasi-free reaction

» important p-wave contribution

» In the quasi-free contribution higher partial waves are involved
» pS and sP interference important in specific distributions

» waliting for microscopic calculations
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OUTLOOK

V. Hejny for the WASA-at-COSY Collaboration
at MESON2010 conference
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Preliminary dd—*Henr?
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120 events
Dlﬂerence (mq > 0. 1 GeWcz) (m},5 < n 1 iwc?)

B X B B R T T 7 R TR T
He missing mass / GeV/¢

modifications of WASA-at-COSY are necessary
measure angular distribution
anisotropy — p-wave

=

use of spin selectivity
for dd—*Hen° reaction
to disentangle s- and p-wave

1 9 i
o(0)c =a’+-—a’sin’0
0) 3% T g

asme

T5,(0)o(0) c — 3\/* 20\/*

T,,(8)5(0) %ai sin“ 0

iT,(0)o(0) o 3 Im(a,a,)sin®

2,10

Charge Symmetry Breaking in dd—ddn?®

LO not suppressed

dd — different spin-isospin symmetries than “He =

larger cross section??
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