HabnropeHwe CTpyKTypbl B BEICOKOUMMYbCHBIX CMeKTpax
BTOPUYHBIX NMPOTOHOB B UHKIFO3UBHOM paccesaHum 2C(p, p )X
noa yrnamm 210y 24 .59 npu aHeprum 1 MaB

(MumnynbcHbIe uHTepeansl S4, SH)

O. Muknyxo

Jlabopamopusi MANOHYKIOHHBIX CUCTEM

AHHOTaUMUA:

Habmromaemasi cTpyKkTypa B UMIYJIbCHBIX HHTEpBaiax S4 M SO MOXKET ObITh
00yCJIOBJIEHA, B YaCTHOCTH, KBa3UYIIPYTUM PACCETHUEM ITPOTOHOB HA
YeTHIPEXHYKJIOHHBIX KIIACTepax, Momo0HEIX sapy “He, B ucciemyemom siape 2C.

Tema HUOKP 9.13. : WccnepoBaHue CTPYKTYpbl SA€PHOM MaTepum Ha MarbIx
PACCTOSIHUAX B KBA3UYMNPYrnx 1 HEYnpyrnx NpoTOH-iAEPHbIX
B3aMmMoadencTBusx npu aHeprum 1 3B
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O. Muxkiyxo

Experimental setup

=

C.J1. Benoctoukun, KO.B. JoueHko, C.C. Bonkos, A.A. Bopobbés, J1.I". KyanH, H.IM. KyponaTtkuH,
0O.B. Muknyxo, B.H. HukynuH, O.E. MNpokodbes, M.A. LLysaes. MpenpuHTt NINAP Ne 826, 1983, c.52.
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O. Muxnyxo
KuHematumka peakuumn 2C(p, p’ “He)®Be (1)

Scattering from Constituents (1-1) Let’s assumed that the target b (2C) consists of two pieces, that is, it has substructure.

a+b->c+Y The incident particle, a (proton), scatters off component 1 (*He), where we assume

that the whole 4 momentum lost by a is transferred to particle 1 (*He). The Cis also
proton and component 2 is residual nucleus ®Be.

2. 2 27 2
m, :sz +p; +\/ml +p; +AQP,)
For reaction 12C(p, p’ *He)®Be

A(0)is the reaction () - value when «—
the Q- value is -7.4 MeV [A(0)].
- i p; = 0.The final state Y consists of m,
b with momentum p, + g, and m,, with mass of free “He:
P m(*He) = 3727.38 MeV
momentum -p, so that the total momentum of
. . . mass of 8Be:
Yis py =p, +q-p, =q. The energy of Y is m(®Be) = 7454.88 MeV
Ey= \/m§ +p; +\/mf +(, +9)’ mass of 12C:
thus , (0,q) =(E; —m, ,py) m(12C) = 11174.87 MeV
We assume: Ta6J'II/ILI,bI:
We only measure the scattered_proton pf —p :p!; _pf, let q# = (Qﬁ) Pa= ko; Pc= kl;
energy, then the measurement is called an
inclusive experiment. with q2 = kOZ + k12 -2 ko kl COS(e . )
map
m:Ea_Ec,and, q:ﬁa_iic > @1 =T0_T1;
w*(*He) is for elastic scattering off *He with modified mass m*(*He). Q2= q2- 0)12
w(*He) is for elastic scattering off He with free mass m(*He); O =0 - w*(*He) [w(*He)]

Ha kapTuHkax: k, =K
29 MapTa 2022 CemuHap OPB> 3



KnHemaTtumka peakuum 12C(p, p’ *He)3Be (2)
Scattering from Constituents (1-2)

We can expand the equation for the energy transfer to arrive at

Q*=¢’-o’, and If we only measure the scattered electron energy, then
2 RS SR SIS the measurement is called an inclusive experiment.
g A A ) ( + ey n
O 1+p—‘2—q P A, AR |y, @y zq) ; These are also called "single-arm" measurements. If we
2m,» m m® 2mo ® m,; . . .
measure the scattered electron in coincidence with

2 .
callx, = Q theBjorken x value where m_ is the mass of another particle, say mass 1, then we call tr_]e
) measurement “exclusive". Exclusive experiments are
the proton. For elastic scattering on the proton x; =1. necessarily coincidence experiments.
2
Asp, > 0,x= Q =1+ A0 (1- A(O)), and A(0) <0. —> X
2m, o ® 2m,

The condition where x is approximately 1 is called quasi-elastic scattering. In this kinematical condition
particle a loses energy and suffers a 3-momentum change consistent with scattering off an object with the
mass of constituent 1. In the case of electrons scattering off a nucleus a broad peak appears at
approximately x = 1 when we set mass 1 equal to the proton mass (then the x value is the Bjorken x).

Tabnnupl:

Inour case: X =Q2/[2w,m,,.], where m,,. is mass of the *He used in the calculations:
M,y is free mass, m(*He), or modified mass, m*(*He).

We also calculated X*:

X* = Q?/[2w;my.), Where w, is equal to w(*He) or w*(*He), obtained for
the elastic scattering off “He with free or modified mass.
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O. Muxknyxo

[nvHa BoNHbI ae bponnsa gnsa npoToHa 1 paanycbl aaep

1He

“He: R,,=1.67 fm

R =26fm SHe: Rem=2'2 fm

HykAOHHEA
KOppPenaunA

Paguyc agpa:
R=r,xAY, r,=1.2 fm KomnToHoBCKast AnvHa BOMHbI NpoToHa, h/ime: A= 1.32 dom

1fm =103 cm KoMnToHOBCKas ANMHA BOMHbI anekTpoHa, h/me: A = 2400 ¢dm
®Be: R=24fm °Be: R=25fm OrnvHa BonHbl Ae bponns: A, = A/ [2T/mc? — (T/mc?)?] 05

Ag = 0.73 fm for proton with 1 GeV energy

108: R=26fm 2C: R=2.74fm
Ag = 0.90 fm for proton with 0.8 GeV energy

p =(3my) / 4nrg® = 2*1014g/cm3 Ag = 1.75 fm for proton with 230 MeV energy

Proton: JLAB: R, = 0,831+0,007+0.012 dpm, 2019
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t0.B. doueHko, B.E.Ctapoaybeckun «[dedopmaLmoHHas CTpyKTypa nerkux agep ns peakumn (p, 2p), (p, pn)», MpenpuHt JINAD, Ne 970, O Muieyxo

JleHnHrpag, wionb 1984, 32 c.
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Kinematics for the reaction 12C(p, p “He)®Be at an angle of 24.5°, setting-4

O. Muxiyxo

T,=998.2 MeV, k, = 1693.98 MeV/c

1. Masses of free *He, 8Be and 12C:
m(*He) = 3727.38 MeV; m(®Be) = 7454.88 MeV. m(12C) = 11174.87 MeV;
Qmap = 24.59 Q-value = - 7.4 MeV, Theta2=71.02°
k, =1609.30 MeV/c, k2 =705.77 MeV/c;
T,= 924.57 MeV, T2 = 66.23 MeV
w, =73.63 MeV; q=705.75 MeV/c (Q=701.90); w(*He)=66.39 MeV;
w = w,- w(*He) = 7.24 MeV
X =Q%/[2w;m(*He)] = 0.898 {w, -> w(*He), X* = 0.9960}

4. Mass of “He is less than the free one (7.68%):
m*(*He) = 3441.01 MeV;
Qmap = 24.5149 Q-value = - (7.4+3.6)= -11 MeV; Theta2=70.18°

k, =1598.993 (1599) MeV/c, k2 =705.23 MeV/c;

T,= 915.68 MeV, T2 =71.52 MeV,
w, = 82.52 MeV; q =705.23 MeV/c (Q=700.785); w*(*He) =71.75 MeV;
w = w;- w¥*(*He) = 10.77 MeV
X = Q%/[2w,m"(*He)] = 0.865 {w, -> w*(*He), X* = 0.9948}

2. Mass of 4He is less than the free one (10%):
m*(4He) = 3354.64 MeV
Qmap = 24.5° Q-value = - 7.4 MeV; Theta2=70.36°
k, =1601.13 (1601) MeV/c, k2 =705.13 MeV/c;
T,= 917.52 MeV, T2 =73.28 MeV,
w, = 80.68 MeV; q = 705.01 MeV/c (Q=700.38); w*(*He) = 73.44 MeV;
w = w,; - w*(*He) = 7.24 MeV
X = Q%/[2w,m"(*He)] = 0.906 {w, -> w*(*He), X* = 0.9953}

3. Mass of “He is less than the free one (7.68%):
m*(*He) = 3441.01 MeV

Qmap = 24.5° Q-value =- 7.4 MeV; Theta2=70.52°
k, =1603.17 (1603) MeV/c, k2 = 705.23 MeV/c;

T, = 919.28 MeV, T2 = 71.52 MeV;

w,; = 78.92 MeV; g = 705.19 MeV/c (Q=700.76); w*(*He)= 71.67 MeV;
w = w;— w*(*He) = 7.25 MeV

X =Q?/[2w;m*(*He)] = 0.904 {w, -> w*(*He), X* = 0.9954 }

5. Mass of #He is less than the free one (7.68%):
m*(*He) = 3441.01 MeV;
Qmap = 24.537°, Q-value = - (7.397+10.92)= -18.32 MeV, Theta2=70.18°

k, =1590.5 (1590.5) MeV/c, k2 =705.23 MeV/c;
T, = 908.36 MeV, T2 = 71.52 MeV;
w, = 89.84 MeV; gq= 705.23 MeV/c (Q=699.484); w*(*He)= 71.88 MeV;
w = w; - w*(*He) = 17.96 MeV
X =Q%/[2w;m"(*He)] = 0.791 {w, -> w*(*He), X* = 0.9886}
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Kinematics for the reaction 2C(p, p 8Be)*He at an angle of 24.5°, setting-4

29 MapTa 2022

T,=998.2 MeV (k, = 1693.98 MeV/c)

1. Masses of free “He and ®Be:
m(*He) = 3727.38 MeV; m(2Be) = 7454.88 MeV; m(12C) = 11174.87 MeV;
Qmap = 24.5° Q-value =-7.4 MeV;
k, =1646.77 MeV/c, k2 =710.35 MeV/c;
T,= 957.04 MeV, T2 = 33.77 MeV.
2. Mass of “He is less than the free one (10%):

m*(*He) = 3354.64 MeV; mass of 8Be = 7827.62 MeV is more then free
value, so that the sum of the masses is not changed due to the
modification.

Qmap = 24.5° Q-value = - 7.4 MeV,
k, =1648.58 MeV/c, k2 =710.60 MeV/c;
T, = 958.61 MeV, T2 =32.19 MeV.
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O. Muknyxo
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C LULMPUHOWM KaHana 2
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O. Muknyxo
CneKkTp NPOTOHOB, pacceAaHHbIX Nog, yrnom 24.5° B UMNy/IbCHOM UHTepBase - 3

C WUMPUHOW KaHana 2 M3aB/c
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O. Muknyxo
CnekTpbl NPOTOHOB, pacceAHHbIX NoA yrnom 24.5° 8 UMNy/NIbCHOM UHTepBane - 5

C WMPUHOM KaHana 1 n 2 MaB/c

. 05022022
N & =24-5,:, lszp,p‘;uX TDZQQS.EM-:V N |+ T T I T T T I T T T I T T T T T T T T T
[ o000 12 . —
i p, X B =2450 I =998.2 MeV
i Setting—S R (£, p’) o |
+4
B _ " Setting—3 ]
= 4
i * e ]
[ i EH i ]
B I L |
, i I N Be, B |
: L :
3000 — ! 6000 o . 10 n
i i e
N i i "4‘
I ; | ¢ ®Be
; - ! Et' ; N
2000 — i 4000 : L : N .
! | | 2
i i i v i v * : 7]
— I . e T T :
! | [ : B 1
. H : I N :
1000 : & 2000 | « _
B i l L : .‘l.:.l ]
- A I K, e 1
H o I -
' A - : LR e
|:| 1 1 1 I 1 LIJ 11 I Il L1 1 I 1 .I 1 TI] | ! | | | al ’ i
|:| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
. mlﬁ_lgf? iggg lo5a 17a0 1580 1600 1620 1640 1660 1680
[ — —_Jd1—ma Il
o5nzrene £ K. MeVic 201 625435022 _man?2 fig, St.1570-1712 MeVic: K, MeV/c
UMnysbCcHBIi MHTEpBaT — 5, 1eHa kanama 1 MbaB/c UmnynbCcHBIA HHTEpBAN — O, 1leHa KaHana 2 MbaB/c

29 MapTa 2022 CemunHap OPB3 16



O. Muknyxo

CnekTpbl NPOTOHOB, pacceAHHbIX NoA yrnom 24.5° 8 UMNy/IbCHOM UHTepBane - 5
C WWMPUHOM KaHana 2 n 3 MaB/c

05.02.2072
N I+ T T I T T T | T T T I T T | T T T I T
| 12 _|
12000 . Clp,p )X ©=245° T =9952MeV
L 9y 4
i ve Setting—5 _
4
L He 4
LE" I
5000 ¢ —
H |
i L 7
L P 4
i 'y “Be, B |
! .
1 ‘* H
6000 | ! . t10p -
! LA
| e
L I 'R : 4
| LI Ee
- | ] H -
i Do
4000 |- | P : —
| * s 2t
R Lo e : ; 7
I H H
- : "y 'E . ES -
r : E'o : T
| H - H H
2000 |- ! . P —
L i EPT LIS i
| H -
I EK-:L RN |
- : .'a'a'ss
|
0 1 1 1 I 1 1 1 | 1 1 1 I 1 1 | 1 1 1 I 1
1580 1600 1620 1640 1660 1680
201 625435022 mart22fig:  St1570-1712 MeVic, K MeV/c

NmMnynbscHBIN HHTEpBAI — 5, 1IeHa KaHana 2 MhB/c

29 Mapta 2022

05.02.2022
N [ |+| T I T T T I T T I T T T I T T T | T ]
12 o
i Cip, X & =245 T =09982 MeV ]
14000 0 * (p.27 o —
I ' Setting-3 i
i 4 i
.

12000 [ ' EHB -
I el |
[ " Be, B ]
10000 e " —
L 1 L] . .
I L. P10 ]
i i . B i
8000 |- i .
- s .- ]
i i Lt 8 -
6000 | i L Ee -
e A :
- i . i , .
4000 |- | " - _
I : - P ]
[ | e ]
i : S _
2000 |- : P -
| :K4 A i
I ; . ]
1 L o ]

0 1 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 | 1

1580 1600 1620 1640 1660 1650

W0le—s5—43502~3_martd? fig; K, MeV‘f’C

NMnynbCHBIN HHTEpBA — 5, IIeHa kaHana 3 M»aB/c

CemuHap OOB3

17
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Kinematics for the reaction 12C(p, p “He)®Be at an angle of 21°, setting-4

O. Muxiyxo

T,=998.6 MeV, k, = 1694.44 MeV/c

1. Masses of free 4He, 8Be and 12C:
m(*He) = 3727.38 MeV; m(2Be) = 7454.88 MeV and m('2C) = 11174.87 MeV;
Qmap = 219 Q-value =-7.397 MeV;
k, =1629.17 MeV/c, k2 = 609.70 MeV/c;
T,= 941.77 MeV, T2 = 49.43 MeV.
w, = 56.83 MeV; q = 609.07 MeV/c (Q=606.41); w(*He)=49.55 MeV;
w = w,; - w(*He) = 7.28 MeV
X = Q%/[2w,m(*He)] = 0.868 {w, -> w(*He), X* = 0.9955}

2. Mass of “He is less than the free one (10%):
m*(*He) = 3354.64 MeV
Qmap = 21°, Q-value =-7.397 MeV,
k, =1623.02 (1623) MeV/c, k2 =608.625 MeV/c;

T,= 936.44 MeV, T2 =54.76 MeV,
w,; = 62.16 MeV; q = 608.62 MeV/c (Q=605.44); w*(*He) = 54.88 MeV;

w = w; — w*(*He) = 7.28 MeV

X = Q2/[2w,m*(*He)] = 0.879 {w, -> w*(*He), X* = 0.9956}

4. Mass of *He is less than the free one (11.66%):
m*(*He) = 3292.82 MeV;

Qmap = 21.0106°, Q-value = - (7.4+4.2)= - 11.6 MeV; Theta2=72.31°
k, =1617.01 (1617) MeV/c, k2 = 608.55 MeV/c;
T, = 931.24 MeV, T2 =55.76 MeV,
w,; = 67.36 MeV; q = 608.53 MeV/c (Q=604.79); w*(*He) = 55.93 MeV;
w = w; - w*(*He) = 11.43 MeV
X =Q?%/[2w;m*(*He)] = 0.825 {w, -> w*(*He), X* = 0.9936}

5. Mass of #He is less than the free one (11.66%):
m*(*He) = 3292.82 MeV;

Qmap = 21.027° Q-value = - (7.397+11.993)= - 19.39 MeV; Theta2=71.46°

k1 =1607.996 (1608) MeV/c, k2 = 608.55 MeV/c;

T, = 923.45 MeV, T2 =55.76 MeV,
w,; = 75.15 MeV; q = 608.55 MeV/c (Q=603.89); w*(*He) = 56.01 MeV;
w = w, - w*(*He) = 19.14 MeV
X =Q?/[2w;m*(*He)] = 0.737 {w, -> w*(*He), X* = 0.9889}

3. Mass of 4He is less than the free one (11.66%):
m*(4He) = 3292.82 MeV;
Qmap = 21°, Q-value = - 7.4 MeV; Theta2=72.77°
k, =1621.87 (1622) MeV/c, k2 = 608.55 MeV/c;
T, = 935.44 MeV, T2 =55.76 MeV,;
w, =63.16 MeV; q = 608.55 MeV/c (Q=605.26); w*(*He) = 55.87 MeV;
w = w,; - w*(*He) = 7.29 MeV
X =Q?/[2w;m*(*He)] = 0.881 {w, -> w*(*He), X* = 0.9960}

6. Mass of “He is less than the free one (11.66%):
m*(*He) = 3292.82 MeV;

Qmap = 21.0202°, Q-value = - (7.397+8.533)= - 15.93 MeV; Theta2=71.84°

k, =1612.001 (1612) MeV/c, k2 = 608.55 MeV/c;

T,=926.91 MeV, T2 =55.76 MeV,
w,; = 71.69 MeV; q = 608.55 MeV/c (Q=604.31); w*(*He)=55.97 MeV;
w = w, - w*(*He) = 15.72 MeV
X =Q?/[2w;m*(*He)] = 0.774 {w, -> w*(*He), X* = 0.9914}
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O. Muknyxo

Kinematics for the reaction *2C(p, p 8Be)*He at an angle of 21°, setting - 4

T,=998.6 MeV (k, = 1694.44 MeV/c)

1. Masses of free *He and 8Be:
m(*He) = 3727.38 MeV; m(2Be) = 7454.88 MeV; m(12C) = 11174.87 MeV;

Qmap = 219 Q-value =- 7.4 MeV;
k, =1657.23 MeV/c, k2 =611.89 MeV/c;
T, = 966.13 MeV, T2 = 25.07 MeV.

2. Mass of “He is less than the free one (11.6585%):

m*(*He) = 3292.822 MeV; mass of 8Be = 7889.441 MeV is more then
free value, so that the sum of the masses is not changed due to the
modification.

Qmap = 21°, Q-value =- 7.4 MeV,
k, =1658.79 MeV/c, k2 =612.08 MeV/c;
T,=967.50 MeV, T2 =23.71 MeV.
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O. Muxnyxo
CnekTpbl NPOTOHOB, pacceAHHbIX NoA yrom 21° B UMNyAbCHOM UHTepBane - 4

C WMPUHOM KaHana 1 n 2 MaB/c
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CneKTp NPOTOHOB, PaccesaHHbIX NoA yrnom 21° B MMNyN1bCHOM UHTepBane - 4

C WMpPUHOM KaHana 2 MaB/c

29 Mapta 2022

CemuHap OOB3
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O. Muknyxo

3-6. Mass of “He is less than the free one (11.66%):
m*(*He) = 3292.82 MeV

3. Q-value =- 7.4 MeV k, = 1622 MeV/c
T, = 935.44 MeV, T2 =55.76 MeV;
w, = 63.16 MeV; g = 608.55 MeV/c (Q=605.26);
w*(*He) = 55.87 MeV; w = w;- w*(*He) =7.3 MeV
X = Q%/[2w,m*(*He)] = 0.881 {w, -> w*(*He) , X* = 0.9960}
4.Q-value = - (7.4+4.2)= - 11.6 MeV; k, =1617 MeV/c

T, = 931.24 MeV, T2 =55.76 MeV;
w, = 67.36 MeV; g = 608.53 MeV/c (Q=604.79);

w*(*He) =55.93 MeV; w = w,- w*(*He) =11.4 MeV
X =Q?%/[2w;m*(*He)] = 0.825 {w, -> w*(*He), X* = 0.9936}
5. Q-value =- (7.4+12.0)= - 19.4 MeV;, k, = 1608 MeV/c

T, = 923.45 MeV, T2 =55.76 MeV;
w, = 75.15 MeV; q = 608.55 MeV/c (Q=603.89);

w*(*He) = 56.01 MeV; w = w, - w*(*He) =19.1 MeV

X =Q%/[2w;m*(*He)] = 0.737 {w, -> w*(*He), X* = 0.9889}

6. Q-value = - (7.4+8.53)= - 15.93 MeV; k, = 1612 MeV/c

T, = 926.91 MeV, T2 =55.76 MeV;
w,; = 71.69 MeV; q = 608.55 MeV/c (Q=604.31);

w*(*He) =55.97 MeV; w = w, - w*(*He) = 15.7 MeV

X = Q¥/[2w,;m*(*He)] = 0.774 {w, -> w*(*He), X* = 0.9914}
Habnogaem nuk (6) npu
K=k, =1612 M3B/c !!!

3TOT NUK BMAEH W B UHTepBane 5
npu K =k, = 1612 MaB/c.
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CneKTp NPOTOHOB, PacceAHHbIX NoA yriom 21°B MMNYNbCHOM UHTEpBase - 4 ¢ LUMPUHOW KaHana 2 MaB/c
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O. Muknyxo

Habntopaetca cummeTpumn
OTHOCUTENIbHO OTPE3Ka KPACHOM
LUTPUXOBOW NUHUK O -- O !I1]
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O. Muxknyxo
CneKTpbl NPOTOHOB, pacCeAHHbIX NoA yrnom 21° B uMnNynbCHOM UHTepBane - 5

C WWMPUHOM KaHana 1 mn 2 MaB/c
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0. M
CneKTpbl NPOTOHOB, PacCeAHHbIX NOA YoM 21° B UMMYIbCHOM MHTepBane - 5 T

C LWWMPUHOM KaHana 2 n 3 MaB/c
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CneKTp NPOTOHOB, PacCceAHHbIX NoA yriom 21°B MMMNYNbCHOM UHTEpBane - 5 O. Mukmyxo
C WUMpPUHOM KaHana 2 MaB/c
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O. Muknyxo

OTHoweHne anddepeHumnanbHbIX cevyeHnn paccesHna Ha sapax 4°Ca mn 2C nog yrnamm 24.5° n 21°
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MpenpuHT — JIMAD Ne 261, 1976
A.C. lleHuncos, A.C. Kocapes, E.M. Maes, A.B. XaH3aaees

N3mepeHune sHeprum NPOTOHOB BbIBEAEHHOIO Ny4YKa CUHXPOUMKAOTPOHA JIUAD

$2

D O S R Y 2 T T e I R SR O R Ve 5

A. C. Jlenncos
A. C, Koea| ! 4
pen £ Ne 261 : HG - uumyancHA MCTOVHWK obsra,
E. M. Maes ; M‘:.é/? \;/g - CHRRTMANANMONHES CYSTIMKE,
= aem - i 1,M2( - 3gprana
A. B. Xanzaneen ceutabpn 1976 _ LI.L2 - nponériim Gasn.

W3MEPEHHE 3HEPTMH IIPOTOHOB
BBIBEJIEHHOTO TIYYKA
CHHXPOLIUKJIOTPOHA JIHA®
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Prc.2. YoramOBEA ANA MSMEPEENA SHEPIMA WACTEN.

501,802 ~ ONEXTMZIALNCHAHE CYETYNKE WIMSDRTENA BPEMEEN NpO-
AéTa uagrHyu, MI,M2 - sepmema, DI, D¢ - zmagparsy, HC - mu-
ﬁymoauﬂ RCTOVHNK. 0¥ord, T - TQUPAKE ¢ IAEKTDONPOBOZOM,

- AATUKR OOJAOLGHUAH, ov - 0liopa ¢ HANPASAADIMME.
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