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=" Towards pMac measurement
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» The magnetic moment can be determined by measuring the A.
polarisation passing through the bent crystal.
« The angular distribution of the A decay carries information of

polarisation however, it can not be separated so-called asymmetry
parameter .

* We need to measure this parameter at LHCb in advance.
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 Theoretical computation
of the Ac—=Kpm decays




Polarisation measurement in the past...

NAc—=(K*p, A++K,An)—pKn decay

* It was first studied by the Fermilab E791 experiment.

« E791: amplitude analysis including 3 resonances, using the helicity
amplitude method.




Polarisation measurement at LHCb @ 1JCLab

PHD @ LHCB GROUP
Ac— (K*p, A+K,An+........)= pKn decay F IRt LR

* The first polarisation measurement in pp collision (LHC)
* Amplitude analysis including dozens of resonances
* The (modified) helicity amplitude method
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Theory for Polarisation measurement @ |JCLab-Kharkov

E.K. A. Korchin, V. Kovalchuk

NAc—=(K*p, A++K,An)—=pKn decay

* Amplitude computation by Feynman diagram
* Only intermediate 3 resonances (3/2+, 3/2-, 1-), to start...
e Choice of frame : common for 3 resonances

@Ac rest frame

2= ﬁbeam X ﬁAc

We use Ac rest frame with
e x'-y’-z": the pKn decay plane
* x-z: p-2 plane
* z('): proton direction
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Theory for Polarisation measurement @ 1JCLab-Kharkov

E.K. A. Korchin, V. Kovalchuk

» The decay rate is written by form factors and Breite-Wigner for each
resonance, on top of the polarisation parameter &.

1 In this Work we mclude only
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Theory for Polarisation measurement @ 1JCLab-Kharkov

E.K. A. Korchin, V. Kovalchuk

* Our final result can be written in a simple form:

al’
dslgdlgd COS ¢9d¢

= a(s19, 313)+§(lzo(312, s13) cos 6 + b1(s12, 513) sin 6 cos ¢ + ba(s12, s13) sin € sin @)

~

=b(s12,513,c08 0,0)

a, bo, b1, bz are written by the form factors, A, B, C, D, E;, F;and
the Breit-Wigner of each resonance (see previous page).

A (}95)’ B(%) a : Dalitz distribution (parity even)
C () D(}gf) bo : Equivalent to & (parity odd)
E (9’)’ E; 2(% b, : triple product (CP or T odd ?)

» a contains |Al2 [BI2 __ |Fl2 and interferences, BC, AD, BE1,, AFq,....
» bg contains interferences, AB, CD, Eq,F; 2, AC, BD, AE1, BF,....

» by contains imaginary part INTERNSHIP PROJECT
OF ALEKSEY LUKIANCHUK




Theory for Polarisation measurement @ 1JCLab-Kharkov

E.K. A. Korchin, V. Kovalchuk

* Our final result can be written in a simple form:

al’
d812d13d COS ¢9d¢

= a(s19, 813)+§(§0(812, s13) cos 6 + b1(s12, 513) sin 6 cos ¢ + ba(s12, s13) sin € sin @)

~

=b(s12,513,c08 0,0)

We perform the simultaneous fit of form factor
(A, B...F) and polarisation § using 4 dimensional

“kinematics (s12, S13, © P).
A WT)’ D(éf") d . Ddlltz OIS—WTUU'UUTI_\'PW
@ (@) D(}gf) bo : Equivalent to & (parity odd)
£ (@), L 2(% b, : triple product (CP or T odd ?)

» a contains |Al2 [BI2 __ |Fl2 and interferences, BC, AD, BE1,, AFq,....
» bg contains interferences, AB, CD, Eq,F; 2, AC, BD, AE1, BF,....

» by contains imaginary part INTERNSHIP PROJECT
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The sensitivity study: proof of concept

E.K. A. Korchin, V. Kovalchuk

1Step 1) Obtain a example MC data from LHCb (with only 3 resonances)
'Step 2) Construct our model (i.e. fitting our form factors using the MC Dalitz plot)
'Step 3) Perform the simultaneous fit using events generated using our model

“ We use the “omega” method (c.f. Gampola, tau polarisation measurement, ILC top spin measurement...).




The sensitivity study: proof of concept

E.K. A. Korchin, V. Kovalchuk

‘Step 1) Obtain a example MC data from LHCb (with only 3 resonances)
'Step 2) Construct our model (i.e. fitting our form factors using the MC Dalitz plot)
'Step 3) Perform the simultaneous fit using events generated using our model

|
| We use the “omega” method (c.f. Gampola, tau polarisation measurement, ILC top spin measurement...).
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The sensitivity study: proof of concept

E.K. A. Korchin, V. Kovalchuk
Param :
A,B,C,D,A1,A2,B1,B2

-0.762658,1.14336,4.65073,1.25921,-0.278177,0.0303613,0.257899,-0.480634
w distribution for xi=+0.9

1000

A B Cc D Al A2 B B2
1 0.221319 0.423237 -0.518167 0.435468 -0.435138 0.259507 -0.0576802
800 0.221319 1 0.437175 -0.25942 -0.25835 0.150533 0.213008 -0.0084081

0.423237 0.437175 1 -0.642163 -0.013463 0.0186317 0.0825147 0.1264
600

40
ol ‘.mnhmmm
-0.5

w”2 weighted Dalitz plot on m12-m23 with xi=0.9

-0.518167 -0.25942 -0.642163 1 -0.150709 0.0912629 -0.11742 -0.212142

0.435468 -0.25835 -0.013463 -0.150709 1 -0.957669 0.227852 -0.0970739
””“““II\.
0.5

-0.435138 0.150533 0.0186317 0.0912629 -0.957669 1 -0.27546 0.309624

0.259507 0.213008 0.0825147 -0.11742 0.227852 -0.27546 1 -0.302171

0.0 10 B2 -0.0576802 -0.0084081 0.1264 -0.212142 -0.0970739 0.309624 -0.302171 1

Fit result for & (for £€=0.9)
£=0.890+0.009 (for 200k event)
€=0.882+0.028 (for 20k event)

The w2 distribution is approximately
1/sigma_xi*2 distribution (sigma_xi INTERNSHIP PROJECT
=error on xi), i.e. the plot shows the OF FLAVIEN CALLET
region of high sensitivity




Conclusions and outlook

The charm magnetic moment determination with bent-crystal
requires a measurement of the A. polarisation.

Last few years, there have been impressive progresses on the A.
polarisation measurement at LHCb.

Our theoretical computation has been finished and it is ready to be
used for sensitivity studies. Our result can be extended to include
more resonances.

The French-Ukrainian collaboration have been very fruitful! We hope
we can continue this collaboration !
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Polarisation measurement in the past...

 Ac—=An—pnn decay

dN

o 4miN1N2(1 + ajag cosl — E(a; — ag cosh))

4miN1N2(1 —&aq + as(ag + &) cosb)

Ny = (Ea, + ma,)|A]? + (Ea, — map,)|BJ?
Noy (Ep+mp)|a‘2+ (Ep _mp)‘bP
2Re(AB”)|pa, |

. e(aéf§ 7 Aorm factor for Ac=Andecay

o= N, a(b:)form factor for A—prndecay
parity violating

* In this case where the first and the second decays are weak decays

(both include parity violation), the angular dependence together with

a1 =

the information of a2=0.642+0.013 allows to determine & and «;

separately.
* Problem: the decay rate is very small.




The sensitivity study: proof of concept

E.K. A. Korchin, V. Kovalchuk

* Our final result can be written in a simple form:

dl’
d$12d13d COS ngb

— 51 513)+§<§0(312, $13) cos 6 + b1(s12, $13) sin 0 cos ¢ + ba(s12, $13) sin O sin (é)
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=b(s12,513,c08 0,9)

We perform the simultaneous fit of form factor (A, B...F;) and

polarisation § using 4 dimensional kinematics (s12, s13, © ).

fStep 1) Cbtain an example MC data from LHCb (with only 3 resonances)
'Step 2) Construct our model (i.e. fitting our form factors using the MC Dalitz plot)
'Step 3) Perform the simultaneous fit using events generated using our model

‘i We use the “omega” method (c.f. Gampola, tau polarisation measurement, ILC top spin measurement...).
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