3acepatne O6begunerHoro Vuernoro Coseta CO PAH no dmsuueckum Haykam
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Beenexne

O DHeprusi, BbIAENAIOWAACS NPY AHHUTAASILAN DNEKTPOHA 1 NMO3UTPOHA
B KOJINalgepe, ABNSAETCA BaKHENLEN KNHEMATUYECKON
XapaKTEePUCTUKOIA, OrpaHnYmnBatoLLen 06aaCTb BOSMOXKHbIX
napameTpoB JIl0HOro KOHEYHOrO COCTOSIHUS UCCAEAYEMBIX MPOLECCOB.

o lNpeumnsnoHHoe abcontoTHOE M3MeEpPeHE CpefHEN SHEPTMU B CUCTEME
LeHTpa Macc pacLUMpsieT BO3MOXXHOCTU SKCMEPUMEHTOB HA BCTPEYHbIX
ny4Kax.

o [Mpy nsyyeHun npoLeccos, MMEKLLNX PE3OHAHCHYH b0 NOPOroByHo
3aBMCMMOCTb CeYeHUsi OT SHEPrumM, CTAHOBUTCS BO3MOXHBIM MPSMOE
M3MepPeHMe MaCcC POXKAAMLLUXCA HacTul. TOYHOCTb TaKUX U3MEpeHU
HE 3aBUCUT OT KAa4YeCTBa BOCCTAHOBJIEHNS KMHEMATUYECKUX
napaMeTpoOB B AEeTEKTOPE NMPOAYKTOB peakLuu.
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Inverse Compton Scattering

electron: g, y=g,/m photon: w,
Scattering parameters, u and k:
“ 0 w 40.)050
u=—=== A U E
€ 0. o — W

1 _ 4
Scattering angles: 0, = F; wo \/17
YV u

Maximum energy of scattered photon (6, = 0. = 0): Wz = T

+ K
Wmazx m  [Wmaz
g0 = —22 (1 + /14 m2/wowmaz ) ~ — .
2 2 wo
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Laser backscattering for beam energy calibration

Taiwan Light Source'996, BESSY-I,111998:2002 yEPP-3,4M,20002008,2005,2012 'gEpC 12010 ANKAZ2015

e. g. BEPC-Il HPGe spectrum e. g. VEPP-2000 HPGe spectrum

[y ‘Ko 1.31 £ 0.12: 7?/NDF = 294.5/296
o T | Oy = 2025.42 +0.12 + 0.20 keV

o WUUUMFHXP 3000:757
N 2000 : 2 WORRRS SRR S

\ 1000F++4-++

\ 2012.04.20 (16 21:34 - 18:53:! 59) 2012.04.20

23500+

coul

AN RSN RAAR AR RARAN AN RARRNRN
-l

P S\
R e G B A I P D DA S SR
80 2000 2020 2040 2060 Efﬁe\? 1650 1700 1750 1800 1850 1900 135&\/
= 1776 91 :|:0 12+8 %gMeV Backscattering inside a magnet: evident interference
Phys. Rev. D90 (2014) 012001 Phys.Rev.Lett. 110(2013) 140402

[Achieved accuracy is AE/E ~3 x 107° for E < 2 GeV}
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Accurate energy scale transfer: eV — MeV — GeV

o IR optics, 10P20 CO5 laser line: wg = 0.117065228 eV
o ~-lines from excited nuclei as a good reference for wyqz:

187Cs | 71/ ~30.07y | By = 0661.657 & 0.003 keV
0Co | 79 ~5.27y | By =1173.228 £0.003 keV
E., = 1332.422 & 0.004 keV
8T | 1p~3m | E,=2614.511 £0.013 keV
160~ E, = 6129.266 & 0.054 keV

o High energy physics scale’:
J /Y ‘ 3096.900 £ 0.002 £ 0.006 MeV
$(25) | 3686.099 = 0.004 = 0.009 MeV

Final analysis of KEDR data, Physics Letters B 749 (2015) 50-56
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2) Nntepdeperuns 8 « YKB» guanaszone (A ~ 10~1%cm)
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B2I1M1-2000: konnaiigep ¢ KpyrabiMu Ny4kamu

BEP
900 MeV
ee
Booster

convertor
Beam energy Ep = 0.1 — 1 GeV Emittances ¢, = ¢, = 220 nm
Circumference C' = 24.388 m l.p. beta func. 8, = 5, = 6.3 cm
RF frequency fy = 172 MHz Energy spread op/E =7-10*
Mom. compaction o« = 0.036 Bunch length o5, = 3.3cm

Synchrotron tune vy = 30.73 kHz Particles/bunch — 101!
Betatron tunes Q, =4.1,Q, = 2.1  Lyae = 1032em™2 x s71(x2 i.p.)
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B3IMM1-2000: cxema ycTaHOBKM

Lenses

e

Infrared radiation

3M1

HPGe detector

e beam

Compton
backscattered
photons

3F1

3D2
Paguyc opbutel B noBopoTtHom marHute R = 140 cm

Hukonaii My4Hon 3acepanune OYC CO PAH no dusunyeckn 17 mapTta 2016 9 /27



Anpenb 2012: nepBble n3MepeHuns

dueprus nyyka £=990 MeV, naseproro doToHa wp=0.117 sB, B=2.38 T.

counts

............................................................................................................

P TN NN AU T T U SUUT U R S |
1000 1200 1400 1600 1800 2000
E, keV
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ObnacTb Nasep-3NeKTPOHHOIO B3aUMOAENCTBIS

Interaction length depends on transverse laser waist size w.
w~01lcm — L ~2V2wR ~10 cm.

A

laser Qe

D B

-— A
\c&o‘\
<

R
0
|

Oint =~ Lint/R ~ 70 mrad, while 0,,4 ~ 0.5 mrad for 1 GeV electron.
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Haber casbl

Since 0t > 0,44, only ¢ = 0 case is

a matter of interest
/\\“\
Qe

Time for electron A —+ B — C:

20
€ IBC
Time for photon A — C:
2Rsin @
£ = Rsin cos )
©
Phase shift:
te 2 t
AD = 2m(X Shr X)’

where \q is the laser wavelength.

1 MeV photon has A = 1.24 - 10~'Y cm. With R = 140 cm, E = 1 GeV,
A® = 27 when § ~ 0.1/ and AC ~ 10~%cm ~ 103!
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NHTepdeperHumnsi paccesHHbIX BOJH

While 6,1,1/v < 1 one has:

Scattered field amplitude:

o0 (e}

i AP
X w ( Aq} d9—2w/cosd90<w2/3A1( ),
0 0
2/3
where z = <wR> (12 4w0 1/12>, and
2c ¥

17 ¢
Ai(z) = = /cos (xt + g)dt is the Airy function.
s

0
The intensity of a scattered wave: I = |U|? oc w*/? Ai?(z).
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CnekTp paccesiHHbix POTOHOB

To obtain the energy spectrum of scattered photons one takes an integral
over the vertical angle v and divides the result by Aw:

LJV’Y 1/37 2
T Ai%(x)d. (3)
0

This integral can be expressed via the primitive of Airy function:

o0
Ai%(a + by?)d /Al dz', z=2*3a.
/ W
0
Hence, the final form of the interference factor is:

z

Ny x /Ai(z’)dz' = % - /Ai(z’)dz', where (4)
z 0
wRN\2/3 /1 4dwp
=() (2-20) (5)
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DyHUUs Dipn O W NOCAE WHTErPUPOBAHUSA MO Y

Interference in © -- y plane
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Parameters: wy=0.117 eV, E, = 900 MeV, R=140 cm (B=2.144 T)
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VyeT 0TAauM 31eKTpoHa

Quantum recoil account: w — w - E/(E — hw).

An electron radius is coupled with its energy and magnetic field strength by
the balance between the Lorenz and centrifugal forces: SE = ¢cBR. It is

convenient to perform R — E/cB substitution.

Let's introduce new variables:

hew _4Ehwy, __EB

YT E R T w2 XT mBy

where By = m?/hc?* = 4.414 - 10° T is the Schwinger field strength.

Now z looks like:

e (@)2/3(12 - 4&) s (/)31 = k) .

c 0 w
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Pacuet 8 K31

V. Ch. Zhukovsky and |. Herrmann. Journal of Nuclear Physics 14 Nel (1971) 150-159

Compton effect and Induced Compton Effect in Constant Electromagnetic Field.

o0

N
iy x V1 /Al( "Ndz' + vo Ai'(2) + v3 Ai(2), where (7)

o5 (- [T ET
w = B BB v e BT

s = [ :

wiv &

L el -2}

In our case u <1073, kK <2102 and x < 1076,
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[NogroHka cnekTpa

2012.04.20 (16:21:34 - 18:53:59) 2012.04.20

........................................................................................

...............................................................................................................

...............................................................................................................

1900 1950

T650 ‘760 ‘750 ‘T800 ‘1850
The edge of the energy spectrum with the fit result:
X2/NDF = 773.0/745, Prob. = 0.231,

E =993.662 £ 0.016 MeV, B = 2.3880 +0.0044 T, o = 810 £ 40 ppm.
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3) PaseuTtue Tembl ans kosinaligepos bygyuuero
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Here tiny fraction
of the beam electrons
are scattered on
the laser wave




Spectrometer with laser calibration

-
>
A6 4woEy o
o = R=E o ©
0 m @
>
=
S x°
DIPOLE Compton PhOTC
MAGNET \
BPM BPM
xbeam
Here tiny fraction
of the beam electrons
are scattered on xedge
the laser wave
L
- -
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Spectrometer with laser calibration

-
A6 4woEy Q
— =K = — o
0 m @
>

z

DIPOLE Compton photonS
MAGNET \

Here tiny fraction
of the beam electrons
are scattered on
the laser wave

L
- >
A) m?
Access to the beam energy: Ey = — X —
0 4w0
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Spectrometer with laser calibration

Ey =100 GeV, wy =1 eV:

-
>
2
Ab s
— ~ 1.53 @
=
tons xo
DIPOLE Compton PMY
MAGNET \
xbeam
Here tiny fraction
of the beam electrons
are scattered on xzdge
the laser wave
L
- -
AG  m?
Access to the beam energy: Ey = — X —
0 4w0
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What do one has from A8 measurement?

2
{Aem _ ! / Bda
4w c

o Af is a measure of a B-field integral along the trajectory which is
very close to the beam orbit (see next slides).

o Ad is independent of beam energy: fast energy changes may be
detected by BPMs. |. e. increase of Af measurement time does not
influence the beam energy measurement accuracy.

o Measurement of @ is outside of this talk. One can have a look at the
experience of LEP spectrometer as well as ILC beam energy
spectrometer studies.
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Two arcs in a dipole of length L

-

<,

6 Note that (R, = Ro/(1+ x).]
= So, Ry — black arc length & radius,
9 < S., R, — red arc length & radius. So
IL
& - So = 2Rparcsin [QRO] and
.| VL + AX?
Se = 2Rcarcsin | ———— |
< 2R,

LR.]* LR.]?
= 2 _ i 2 _ _ €
where AX \/R6 [2R0} \/Re [L 5 0} .
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Apparatus: general consideration

20m

L 20m

Let k = 1.53 (E = 100 GeV, wp =1 eV):

0 AO | L |AX AS/S
mrad | mrad | m | mm

1 1.53 [ 10 ] 3.83]2.59-10"7 | 46
2 3.06 | 10 | 7.65

1 153 | 5 |1.91

2 3.06 | 5 |3.83]1.04-1076| 92

mm AS/S x k6 a)

1.04-1076 | 92 AX k0 Laipole b)
2.59-1077 | 46 D o k0-Lapm <)

An ideal case: a) small angle; b) short dipole; c) long arm.
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200x100 pixels “detector”. ¢ = —0.5

K = 3.26,9,=500, P =[ 0.0, 0.0,-0.5, 0.0]

HD

Entries le+07
X2/ ndf 2662 / 2709
Xy -0.1313 + 0.1649
X, 1630 + 0.06344
Ox 21.62 £.0.05565

.J001923
63 +0.0001942
71045 + 0.J001082

—0.5 + 0.00103
0.0005721 + 0{002095
1.735e+06(+ 772.3

Hukonaii My4Hon 3acepanune OYC CO PAH no dusunyeckn 17 mapta 2016 24 /27



Fit results. ¢ = —0.5

X fit range is [200 : 1650]
200 horizontal bins means resolution ox /X ~ 0.005/\/ﬁ =0.14%

FCN=2662.5 FROM MIGRAD STATUS=CONVERGED 257 CALLS 258 TOTAL

EDM=3.9346e-08 STRATEGY=1 ERROR MATRIX UNCERTAINTY 0.8 per cent

NO. | NAME VALUE ERROR Remark
1 X4 -1.3130e-01 1.64882e-01 | AX; /X5 ~1.0- 10~4
2 X 1.62998e+03 | 6.34381e-02 | AXy/ Xy ~3.9-107°
3 ox 2.16201e+01 | 5.56481e-02 | horizontal beam size
4 Y -1.6298e+00 | 1.92272e-04 | vertical axis
5 Y5 1.62973e+00 | 1.94174e-04 | vertical axis
6 oy 1.04485e-01 | 1.08179e-04 | vertical spread
7 B -5.0003e-01 1.02951e-03 | P = —0.500 + 0.001
8 P, 5.72060e-04 | 2.09542e-03 | P, = 0.000 =% 0.002
9 norm 1.73486e+06 | 7.72345e+02

Hukonaii My4Hon
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4) 3akntouerne
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3akao4eHme

@ Ha ocHoee npouecca 0bpaTHOrO KOMNTOHOBCKOrO PacCesiHMS
J1Ia3epHOro U3JyYeHUs CO3AaHbl YCTAHOBKU ANSl MPELU3NOHHOTO
M3MEPEHUS SHEPrUM MYYKOB HAa HAKOMUTENAX U KOoAnaligepax

B3MnN-4M, BEPC-II, B3I1MM-3, B3MM-2000.

@ C ucnonb3oBaHMeEM 3TOro MeToaa bblnu nNpoBeaeHsl Hanbosiee ToOUHbIE
N3MEepEeHNst MacChbl T-J€NTOHA, N3MEPEH BNag ABYX-POTOHHOro obmeHa
B YNPYroe paccesiHne 3JeKTPOHOB U MO3NTPOHOB HA MPOTOHE.

(3 DkcneprMeHTanbHO OBHapyY>XeH 3(PPEKT BANSHUS CUIIBHOTO
MarHUTHOrO MO/t HA KMHEMATUKY KOMMTOHOBCKOrO PacCesiHus.

@ TlpepnoxeH MeTon KanMbPOBKM MarHUTHOrO CMEKTPOMETpPA AJist
N3MEpEHNs SHEPruK Ny4YKOB Ha Bygyuwinx konnagepax BbICOKMX

aHepruii — ILC, FCCee, CEPC...

CMACNBO 3A BHUMAHWE
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