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The experimental facility

e U70 beam -
proton
50...70 GeV

@ VES beam ¥-1.5
(27 GeV) -
secondary
particles

YPAN-30

@ 98% pions and
and 2% kaons,
0.2% antiprotons

I EH RV RN M (RSN R T I WS Par tial Wave Analysis of a0 system in VE May 30, 2014

3/35



VES experiment

W

@ Beam (77, 28 GeV)

@ Target(Be 10%))

@ Detectors —

@ Trigger S1-52-53-K1-K2-A10-All- G Three station of drift tubes
beam interaction thalo lveto @ EM Calorimeter

I EH RV BRI M (RSN R T I WS Par tial Wave Analysis of a0 system in VE May 30, 2014 4 /35

Three beam Cerenkov counters
Wire chambers
Spectrometer 1 T

Large Cerenkov counter



The motivation

The reaction 7~ + N — 7 7% + N’

High statistics. ( > 10°)

I =1, G=+1 — A few resonances (Odd wave only).
7tn~: S,P,D,F,G,H
7wl P, F,.. H

High mass (> 2 GeV/c?) region has never been studied.

(]

Low mass ([0.5 — 1.2] GeV/c?): p-meson shape, production
mechanism were studied at low energy only (till 5 GeV/c?)
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T system

The data
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Data-sample

o The topology (1n + 0p + 2z). @ Vertex Z cut 16 cm, while target

length is 4
@ The gammars energy more then eng 1s 4cm

0.5 GeV ® The Tpeam — 7~ angle more
0.003 rad to suppress

7Tl:jeam (77) noise €vents.

@ Fiducial cuts for all detectors.

@ 7y mass cut (m; £ 15MeV)
e “Exclusivity” cut 25— 30 GeV/c2.

= Invariant mass of yy the momentum of rtT® system The angle between beam and 1@
x
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system

Data-sample

Mass spectrum and t’ distributions in details:

Invariant mass of T t' distribution
» hmass_from_tree » ht_from_tree

o Enries 3633338 %05 | Entries 3648164

Hpoof- - om| B

F RMS 0.16

30000~ e o Underflow 2.642e+05

o Underflow 4644 Overflow 3.39e+04

o Overflow  7.338e+04 Integral 3.35e+06

25000 Inegral 3555408 10tk X* I ndf 523.5/494

F po 7222 4.2

20000f- pl 3.724£0.018

F p2 13.37 £0.10

F p3 45.65+0.73

15000 pa 0.3144 + 0.0024

F 10° pS 0.5469 + 0.0023
10000~
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) 2 P P (P RPN RPN PP BPPRP wr,
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Data-sample

The intervals where studies were performed: inv.mass from 0.3 GeV to
1.2 GeV, the mass bin is 50 MeV; t' in 10 intervals.

Invariant mass of t' distribution
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The background

The background
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The experimental setup

@ The experimental setup is not hermetic.

@ 186 - 404 mrad is the hole for neutral particles.

@ It is critical if there is reaction with additional neutrals(y) and large

cross section.

The VES setup: top view.

200 —
= electromagnetic
150 — J/
100 —
% Heto syste!
o
50 — Target
100 —
150 —
= magnet yoke
oo L 1 e L e L Ly
20960 -200 -100 0 100 200 300 400
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Main background: Reaction 7= N — 727N/

77279 1 track + 4 gammas — 1 track + 2 gammas : 7 7°

o(mr=N — 7=27ON)

o N = 7 7ON) ~ 20...50, for our energy

The leakage study:
o The 7279 PWA result is used as physical generator.
e Geant4 (or factMC) - for event simulation.

The 7~ 27 PWA model: (see report from VES at Hadron-2013)
@ The isobar model

@ m- and t- independent analysis
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The selected background spectra

@ The same cuts (like for the data) are applied.
o The leakage is about 5% of original 77270 data sample.
@ The invariant mass also has p-meson peak.
@ The “exclusivity” is good, because soft gammas were lost.
The inv.mass of vy the momentum of = n® system Invariant mass of ='=°
odoof g Boof
edhook 1évodt I
70000f +o00df 40001
600 E 3oo0f-
50000F soooi— > <
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DT Do ta D 0 120190 160 180 2 0 52 T s O A D6 08 1 12 14 16 18
M,,, GeVic® P(nn), GeVie Mizn), GeVic®
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The background

The estimation of the background fraction

The background contribution is evaluated by the fit of mass distribution.
The Signal is Breit-Wigner shape with dynamical width
MT(m) p

_ m) = (23
B = (2= w2y (r(myy T = o)

M
m

1 1
p= 5\/’"2 = (mro+mr_)?, po= E\/mg = (mro + my_)?

Fit inv.mass for (t_prime>0.103)*(t_prime<1.0)

000

gooor

gﬁocu;
The background is the PWA-based Boof
7 27%-leakage
The BG fraction ~ 50 % and varies .
a little bit with t'.

4000

2000

Iny 1SS
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The angular analysis

The analysis of angular
distributions
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The angular analysis

Data distribution over angles

The observed distribution over
We want to know how p-meson is cosbgy X ¢T1Y
produced, and what angular distribution
the final particles have (/5r0q).

Data. -t' in [0.063,0.1]

To unfold /.4, the acceptance
should be known.
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PWA scheme.

lorod(2|a;) is density function for produced data ( orod = | lprod dS2).
lobs(€2|a;) is density function for observed data (Nops = [ lops d2).

/obs(Q‘ai) =Ao lprod ~ AO(Q) lprod(Q’ai)7
{data} = {Q;} is observed data sample.

H fo;)sb( o) is Likelihood function. /Iobs(Q|a;) dQ = p(a;)
oDs

Lext = Pois(Ngata |11)- Lo is extended Likelihood function. Py = — log Lex:.

N Aol
[P’O:_log<Nle “H Opmd), whereu:/AolpmddQ

data K

_ng(A0 /prod)—l—/Ao/proddQ, is minimized.

data
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The waves-representation

The intensity is the sum of two non-interfering blocks.
2 , 2
Iprod ($2) = ‘ (+)Y1,1P+‘ + ‘ Yy 0P+ D y11P e + () Yg o Spei?s
Y m(cos ) are spherical functions in the real basis (“naturality basis" ):

"Unnatural” exchange

"Natural” exchange (_)YI,O = \/%COSH

(+)Y171:—,/%sin95in¢ (_)Y171:,/%sin0cos¢
(7)Y00:1/L
k) 471'

A minimum P gives consistent and efficient estimation for p:

P == 10g hyoa(lp) + / Ao byog (U]p) d  p = (a1, b, 65)

data
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The moments representation

I<L

1(0, (Z)) = Z Z HI,mE\/I,m(COSQa ¢) =

1=0 m</
= Ho,o + Hi9cosf + Hy 1 sin6 cos p+
+/:/2,0(3 cos® 6 — 1+ /:Ig,l sin @ cos 6 cos ¢ + Flg,g sin® cos(2¢)

The relationships between moments and waves

/1 1
HO,O = E(Sg + Pg + PE + Pi), H170 = \/;50/30 COS(;SS7

1 1
— _ 2 2 2
Hl,l = \/>50P COS(¢5 — ¢p)7 Hz,o = 7(2:‘)0 — Pf — P+)
71' 607
/3 3
Hy1 =/ —PoP_cos¢p Hy» = 7P3*P2
' 5m ’ ’ 207r( +)

4
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The angular analysis

The produced moments

The blue points are moments for the data. The red ones are moments for
the background (scaled according to evaluated contribution).
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The angular analysis

From the moments to waves

Moments to Waves

The “function space” of moments is wider then one of waves expantion.
x2-like fit is used to find waves (for each bin).

x> = (M; — My(w))E; H(M; — Mj(w))

)
Pp s " Po Pm
— s000f —
14800 } Boof- 1400F
& P+| o y s| ¥ PO| “f P-
12500f E =
7 mE o
10800 s000F 1, + 2
s000f s000f + sof 800f-
6000 3000 +++ { sl 0F
000 2000F- + a00p
20F 200F
an0of- 1000 H mﬂk H+
A L L
i, [SSBE Y o S Lo O | VT IV NI
0304 0506070808 1 1112 04 06 08 1 12 14 16 18 0304 0506 070808 1 1112 04 06 08 1 12 14 16 18
M(xz) GeVie” M) Gevic * M) GeVie” M) Gevie ?

The contribution extraction

For significant waves (Py, P+.) the amount of event is extracted by the BW
shape fit.
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t' dependancies

The analysis was performed at 10 t’ intervals.

t' for PO t' for P+

10

102

102
e b b b b by Lol v b v b v b by
01 02 03 04 05 086 01 02 03 04 05 06
t GeV¥c? t' GeV?/c?
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Conclusion

@ The data for the reaction 7~ N — 7~ 7°N’ were collected at the VES
experiment with tree order higher statistics then in previous studies.

e The significant background (7~27° leakage) is irremovable. The
background contribution was evaluated (~ 45 — 55%) and taken into
accont using the subtruction procedure.

o The 7~ 7% system from p-meson decay is observed in Py, P, waves,
presumably with dominance of m and w exchanges respectively.

@ The t' dependencies for waves intensities were extracted with no
interpetation. We will welcome any help from theoretics.
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The end

Thank you.
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The fraction of the P, and P, waves

the fraction of PO, P+ waves

0.75
0.6]

0.5

0.4

0.3

0.2

0.1

o e L
01 02 03 04 05 06
Fri May 30 02:57:52 2014 t Ge\jgfc2
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The predictions

cg) {(mass>0.7)*(mass<0.75)} ply {{mass>0.7)"(mass<0.75)}
0.07 hz 007 hd
- [ R—— = [E—
a0 a nre aosb Man oz
N Fras asat - s L=
L (TETeTE a F schricre [
0.08 2 vt ] .05 2 [— u
.04 aos |
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aof- oo
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lar analysis

PWA solution

solution_0_for_I_0UO solution_0_for_I_1U0 solution_0_for_I_1U1 solution_0_for_I_IN1
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ar analysis

BackSlide, the acceptance for gammas

the angle acceptance BEC experiment the angle acceptance BEC experiment
accept
F Envies 607120

Mean -0.0005931
RMS 06395

-08 -06 -04 02 0 02 04 06 08 1

& = =

o
Mikhail Mikhasenko (Institute for High EnerglselgiERWENEIA BTN a0 system in VE May 30, 2014




PWA technical details

Need to construct:

I

. . 2
lorod (Q) = |ap, Fp+(Q)]2~|—‘ap0 Fpo(Q) +ap_e/® Fp_(Q) + age'®s FSO(Q)‘

where Q = (cosf, ¢) — variables.
Easier to use Re- and Im- part as independent parameters.

2 2
W(Qla) = |agvinty Fre|” + |agvivoy Fro + agyiuny Fe— + agvouoy Fs|

lorod(2) = W(Q|are) + W(Q|am), = {ai}i=1.8- real parameters.

A "minimum” of NLL is degenerated and allows continuous transformation
in this case (solution is to fix two parameters.)
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The background subtraction

The list of background subtraction methods, we tried:

© The PWA ,(.s4B): parametrized BG-density and parametrised
efficiency.

© The PWA ,(s1B/c): parametrized restored BG-produced density.
© The PWA,,s_;n5: rescaling likelihood function.
© The PMA and moments subtaction.

All methods base on good knowledge of the acceptance and background.
Most of methods required the background fraction to be known.
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|. The PWA: log(¢S + B)

The classical scheme:

/obs(Q) = Ao lprod ~ AO(Q) /prod(Q)a

IPO ~ — Z |Og (Ao lprod) + /A o IproddQ

data

It is possible to take into account the background:
/obs(Q) ~ AO Iprod + /back - AO(Q) Iprod(Q) + Nb Pback(Q)

It can be included to extNLL scheme:

et == 3 108 (Ao yod + No Prack) + [ A lrogd®+ Ny

data
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. The PWA: log(cS + B)

pty:cgj {(mass>0.7)*(mass<0.75)} pty:cgj {(mass>0.7)*(mass<0.75)} pty:cgj {(mass>0.7)*(mass<0.75)}

@ The background i
contribution can be
evaluated.

Ny(ace)

@ Result depents on o
parametrization quality
strongly.

a5 50
Nx(back)
o Apr 7 17:3721 2034
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lI. Rescaling likelihood function log DATA — log BG

The classical scheme:
Lo =[] pobs(Q).  Po—> log (Ao lprod) + /A © Iprog dS2
data data
Take into account the background event by event:

IL’s - H pobs(Qi)/Hpobs(Qi)7
bg

data

Py~ — Z log (AO lprod) + Z log (AO IPYOCI) + /A © IprOddQ
data bg

Realistic (MC-limited) functional:

N
Po = — > 10g (Ao fpog) + 2= D 108 (Ao froa) + / A© lprogdQ
bg

data

I EH RV BRI M (RSN R T I WS Par tial Wave Analysis of a0 system in VE May 30, 2014 33 /35



lI. Rescaling likelihood function log DATA — log BG

Advantages

Event by event accounting Of BG Histogram of hh_data__Y1U0_re_Y1N1_re
The right normalized result.

Ao IproddQ = Nyata — Nbg

Disadvantages

It works if a background contribution is
small.
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The angular analysis

The p-meson waves

The S, P-waves are plotted in the diffrent t’ ranges.
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