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D/IeKmpoMa2HUMHbIe 8036y x0eHuUs1 U
gppacameHmayus
yribmpapesiimueucmcKux sioep

AHHOTAIMSA

Bo3aelicTBre AOPEHTII-CKATOTO KYAOHOBCKOI'O MOASI YABTPAPEASATUBUCTCKOTO SIAPA Ha
SIADO-TIAPTHEP MO CTOAKHOBEHUIO ITPUBOAUT K €r0 BO30YKACHIIO, (DparMeHTalnm u
POKACHMIO YacTuil. Pa3HOOOpa3HbIe peaKiuy MOA ACIICTBIIEM BUPTYAAbHBIX (DOTOHOB
MOAEAUPYIOTCI METOAOM MoHTe-Kapao ¢ momorbio Mmoaeart RELDIS, koTopast ycCrienso
OMMCBIBAET Mporecchl pparmeHTanmn siaep Ha yckoputeasx SPS, RHIC n LHC.

PaccMaTpuBaroTCa MHOTO(pOTOHHBIE MPOIECCHI BO30YKACHISI TUTAHTCKUX PE30HAHCOB B
CTAaAKMBAKOIIUXCS SIAPAX, KOTOPbIE UMEKOT O0AbINEe ceueHus mpu sHeprusix LHC.

DTO MO3BOAUT U3yYaTh TPOITHbIE BO30YKAEHIS TUTAHTCKUX PE30HAHCOB, KOTOPBIE €lIe HE
HAaOAKOAAAUCH TIPU HU3KUX SHEPrusiX. Perucrpanmsi HEUTPOHOB OT B3aVIMHOII
3AEKTPOMArunTHOM Auccoumaunu saep Ha LHC mo3BoAsIET M3MepsTh €ro CBETUMOCTb,
ormmpasich Ha npeackasanuss RELDIS. Pe3yAbTaThl MOA€AU MCIIOAB30BaHBI AASI OLIEHKI
BO3AEICTBUS SACPHBIX (DPArMEHTOB HA CBepXHpoBoasiue Marauthl LHC.



O yeM MbI y3HaeM cmasiKkueasi aopa
rnpu HU3KUX U 8bICOKUX 2Hep2usx?

20 — 1000 M>&/HykrioH cebiwe 1 ['3B/HykrnoH

YPaBHEHNEe COCTOAHUA S4epHOoun
CuribHble Marepuu, NSIOTHYH U rOpsiYyto
g3aumooelicmesus, dazoBbIv Nepexon aaepHas SAOEPHYIO MaTeputo,
UueHmparsibHble U XWOKOCTb - HYKMOHHbIN a3, a3oBbI nepexoq, afpoHbl
nepughepuyeckue MynbTudoparmeHTauums, — KBaPKM W MHOOHBI
Lol Gl R 6]210]  KNAcTepHas CTPYKTypa saep (c 80-x rogos)
(c 70-x rogoB NpoLUsIoro Beka)
BO30YyXXOEeHNA HU3KOoMeXaLlmx
SriekKmpoMacHUMHbI YPOBHEN, MMraHTCKNX
e e3aumooelcmeus, PE30HaHCOB, N30MEpPOB,
V15 g0z 1=l 018 e ol=T 0] FETEA B3ANMOLENCTBUS HECTABUIbHbIX
CKUe CMOJIKHO8EHUS anep
(c 50-x ropoB)




CmorsnikHoeeHus sioep Ha LHC: Mo)kHO 3abbimb O
s0epHOU cmpyKmype, KOJiJ1IeKmue8HbIX
8036y)x0eHusix?

Pb+Pb E,=5.5 TeV =-19.00 fm/c

Pb+Pb E,=5.5 TeV t= 10.80 fm/c

H. Weber /
t= 30.80 fm/c

H. Weber / UrQMD Frar

HYKJIOHBI: KpaCHBIN

BO30Yy XK I€HHbIE OApUOHBI: CUHUI



SrieKmpoMac2HUMHbIe 83auMooeucmeusi soep

* Ynbrpanepudepuyeckme
B3aMMOOENCTBUSA: HET
nepeKkpbITUA AOEPHbIX
NNOTHOCTEWN

* Bo3oeucmeue JlopeHmuy-cxambix
KYJIOHOBCKUX r1osiel Mo)Xxem
6bbimb MpeodcmaessieHo Kak
rnoasioweHue 3KkeueasrieHMHbIX
cpomoHoe (Weizacker-Williams
method)

JLaIbHO AENCTBYIOIAE
3JIEKTPOMArHUTHBIE
CHJIBI

* doTOoAOEepHbIe peakKLnun:
BO30OyXaeHue anep,
3f1IeKTpOMarHnTHas auccoumaums
n dpoTopoxxaeHme agpoHOB

* Banmopencreme ¢pOoTOHOB ApPYr

C APYIroM. poxXaeHWne JIENTOHHbIX
N ME3OHHbIX MNMap

y



Memoo 3keueasieHMHbIX (pOMoOHOo8
Bauysekkepa-BurnbsmMmca

Yyvvyyvy

Enrico Fermi 1924;
“aquivalente strahlu
C.F. Weizsacker &

E.J. Williams 1930e:;

poOXaeHune nap

dOTOHAMN BbICOKMX

SHEprum ot
3apPSXKEHHbIX YacTun

N, (E,b)

bR



CneKmp dqacmom 3KeueaJieHMHO20 U3Jiy4eHUus

Haneratomee saapo:  HampsokeHHocTs  YaCTOTHBIM CHIEKTP
A,Z MOJISI umitysibca P

—>
E(t) , I(w
M\ Maujnpie b, l Mearkue |
OPOTKHU UMITYJIbC At~blvvy
!; (1 _ ol 4 | XKECTKHe
y={l-vic) . | \_poronbl
¢ /v
Anpo-mumens: A, Z, W, ~ Y U/ D
Haseraromee gapo:
A, Z1
v, E(t) , I( w&
| Msirkue (pOTOHBI
bosnpmue b, At~blyv
JUIMHHBIM UMITYJIBC o | o :
> : >
t / (€Y

JpOo-MHULIEHD: A, Z,



O2paHu4vyeHuUs1 U3 KUHeMamuKu rnpoyecca

Y cyioBHE KOT€pEHTHOCTH (M3JIy4aroT BCe 3apsjpl B siApe ¢ paguycoMm R,
SIIPO OCTAETCS B OCHOBHOM COCTOSIHUM) OTPAHAUMBAET KBAAPAT YHOCUMOIO
(pboToHOM 4-mMMnyJIBCA

O’ <1/R’°

MO9TOMY U3JIyUE€HHE sifipa COCTOMT M3 (POTOHOB C MaJIOW BUPTYaJIbHOCTBIO,
B OTJINYKE OT TAKOBBIX B PEAKIUSIX (e,e’) — chomosidepHble peaKuuu ¢
PeANbHbIMU (POMOHAMU.

O603HauNM 4-umnyisc poroHa Kak g* = (E ) 4 q") = -@". Cunraem, 4T0

BIKYILIEECS CO CKOPOCTBIO U, Y=I/1-U°)*>>1 ynbTpapensiTuBUCTCKOE
SJIPO OCTAIOCH B CBOEM OCHOBHOM COCTOSIHMH U (DOTOH YHEC HMPEHEOPEKUMO
MaJIyl0 YaCTh KHHETUUCCKOM SHEPIHHM sSapa. BMecTe ¢ yClnoBueM
KOT'€PEHTHOCTH 3TO JAeT:

9~E= VYR

q,<1/R
4



OCHOB8HbIe COOMHOWEHUsI Memooa
Bauysekkepa-BunbsimMmca — criekmp ¢pomoHoe
o CreKTp 9KBUBAACHTHBIX (POTOHOB IPEACTABASIIOLINIL ITOAE SIAPA (A ,Z ),

KOTOpBIEe MOTAOIIAIOTCS SIAPOM (A ,Z ) B CTOAKHOBEHNY C NIPULICABHBIM
nmapameTpoM b:

oz’ x° 2 1 o E.b
NZI(El,b)z _n.Zl BZEle(KI(X)-F_zKﬁ(X)) x—yﬁhc

O - HOCTOSIHHAsI TOHKOM CTPYKTYpHL, K 1 K. — MoaM@UIpOBaHHbIE (DYHKINHN

beccensa

o CpenHee unCIIO (POTOHOB HOMJIOMECHHBIX SIAPOM (A ,Z ):

E
mAz(b)=IE::C NZI(El,b)O-AZ(El)dEl

0, — IOJIHOE CeUCHHe (boTonoryionienus mis sapa (A Z,Z 2)
2



OcCHoBHble COOMHOWEeHUSsI MemMooa
Bauu3ekkepa-BunbsimMca — ce4eHue

J1J1s1 BBIUMCIIEHUSI CEYEHUS JIEKTPOMarauTHom pucconuanuu (LO) ¢
pasBajioM siipa A IO KaHAJIy i IPOUHTETPHPYEM 110 SHEPrUK POTOHA:

FE
oi (D)=f " N2 (E\)oa (E\) fa,(Evi)dE,

['me fAZ(EI,i) onpenesieH Kak OpSHUMHT (POTOSIAEPHOM peaKku

C pacmajoM IO KaHajy [ U UCTIOJIb30BaHa CIIEKTPAJIbHAS (DYHKIMSI:

o Ma (b)
N (E\)=2m [, e ? N_(E.b)bdb



Cnekmp 3keueasieHmHbIX pOmMOHO8 U ce4eHue
gpomoroasioweHuUs1 Ha siopax:

— 107?H|GDRI

v+(pn)—p+n

y+N—7m+N
10 &
10.6 AGeV Au,
10 7 on Pb YPb SBiX




B3aumoodeucmeue 3KkeuesasieHmMHbIX ¢pomoHoe
opya € Opy20M U C BHymMpusioepHbIMU
HYK/TOHaMu

[Ipumep: poxaeHue Me30HOB B VY U YN Triporeccax

Ay

A

A
T
~
N
X
Ao
Fig. 1. Meson production in v fusion. Fig. 2. Meson production in «vA collision.
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Mooenb RELDIS: Relativistic
ELectromagnetic DISsociation

e RELDIS onnpaeTtca Ha Mmoaenb qOOTOAAEPHbIX peaKkuun
(NAN, 1995-2008, N.A. NMuweHnyHoB, A.C. InbnHoB)

* [MornoweHne dOTOHOB AAPaAMU — MHOTOCTaANNHBIV
npouecc:

— nornouwieHne PoToHa Ha BHYTPUSAEPHOM HYKIIOHE WU
Ha KBa3uaenToHHoW nape (yuyntbiBaeTcsa cebilie 100
KaHanoB Npu 3Heprusix PoTOHOB HECKOSIbKO | 3B)

— BHYTpUAOEPHbIN Kackag 06pa3oBaBLUUXCS aAPOHOE

— CTAaTUCTUYECKUWN pacnag Bo30y>XOEeHHOro OCTaTOMHOIC
aapa — moaenb SMM: KOHKYypeHUUsa ncnapeH //
HYKJSTOHOB 1 KIacTepoB - AerieHne -
MYyribTUdparMeHTauus

ey



I. Habnrooaem DM e036y>k0eHue u
pacrnao oOHO20 U3 sioep...




lMoanouwjeHue oOHO20 usiu 08yx homoHoe
rnpueoosijee K OOUHOYHOU ouccoyuayuu

Pa3pyLwiaeTca ogHo u3 aaep!

JInpupyomuyit nopsgok 98-99% Cauenyromuii K uaupyomemy 1-2%

_ yHOpYyrum mpouecc

@® Heynpyrui npo
v
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lpumep pa3zearsa sie2akux ssoep noo
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RELDIS | G.Baroni et G.Singh et al.,
al.,1990 1992
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SAMuUCCcUsi HeUmpPOHOE8 8 JIeKMpoMa2HUMHoOU
ouccoyuayuu sioep ceuHya
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a{charge-change) (b)

lNMosntHoe ceYyeHUs 83aumooeucmeus C
U3MeHeHuUeM 3apsioa ssopa

14}

158A GeV “*Pb
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ObpasoeaHue , Bi u3 ** _Pb noo
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Yuem OM mexaHu3ma Oniss AZ=+1 mpebyem

rnepecMompa u3zeecmHbix anrnpokcumayuu

Tsao, Silberberg, Barghouty,
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Bbi800: ariekmpoMac2HUMHbIU 8KJ1ao
OOMUHUpyem 80 83auMoodeucmaeusix
Y/ibmpapesiamueucmcKux ssoep ripueoos
K HebosibWuUMU U3MEeHEeHUSsIM 3apsioa
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AOpPOHHas U 35iekmpomMa2HuUmHas ¢gppazmeHmayusi Pb F
konnumamopax LHC

lll /A“

MaTrepHal — MeJllb

re) |
E’ 4
510 7 Abrasion-ablation + RELDIS model
© at
I 2750A GeV ***Pb on **Cu
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lMTomepu ny4dka e pe3yribmame Hebosibwux
usmeHeHuu Z u A

~ ~ — HUOHKI C U3BMEHEHHBIM
AunzZ

OparMeHTHl ¢ Z 1 A OJIM3KKMMHU K SIApPaM ITyYKa OIMAacCHbI IS
CBEPXIPOBOISIUX MAarHUTOB (JIOKAJIbHBIV HArpeB)!

H.H. Braun, R.W. Assmann, A. Ferrari, J.-B. Jeanneret, J.M. Jowett, I.A. Pshenichnov,
In Proc. 9th European Particle Accelerator Conference, Lucerne, Switzerland, 5-9 Jul 2004,

p. 551;
J.M. Jowett, H.-H. Braun, M.I. Gresham, E. Mahner, A.N. Nicholson, E.N. Shaposhnikova,
I.A. Pshenichnov, ibid., p. 578.



Ceoucmea cppacmeHmoe b6siu3Kux K
ssopam nyydka LHC

aapa Imyuka
:(E I I I I: | I | I | | I | I I I I I
2 i |
-]
560000 n
S a _
2 ! beam-beam ]
)
>
> i |
40000~ [ToBegeHue suep B
i MArHuTHOM I10JIE ]
i 3aBUCUT OT |
I Z/A
20000 o
| 1 1 I ' T Y b " T T
0.39 0.4 0.405 0.41
Z/A

HM3MeHeHne UMITyJibca SAep B
pe3yJIbTaTe SMUCCHUU HEUTPOHOB

o
o
o
o

events (arb.units)

(op}
o
o
o

4000

2000

2740

T | T T T T | T T T T
2750 A GeV'Pb on C

beam-beam:

_: i

2745 2750

' 2755 2760
, (GeV/c) per nucleon
”-.
ey S



lMepebie npeocka3zaHuss RELDIS 6binu e

dasibHeuweM cornocmaesieHbl C
pe3ynbmamamu FLUKA

cross section (barn)
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(@) MoodenupoeaHue nomepb rny4ykoe Pb e LHC:
" nocnedHue pe3yribmambi

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 12, (71002 (2009)

Beam losses from ultraperipheral nuclear collisions between 2*Pb®" jons
in the Large Hadron Collider and their alleviation

R. Bruce,"* D. Bocian,>!"" S. Gilardoni,! and J. M. Jowett!

1CERN, Geneva, Switzerland
2Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA
(Received 13 May 2009; published 29 July 2009)

Electromagnetic interactions between colliding heavy ions at the Large Hadron Collider (LHC) at
CERN will give risc to localized hcam losscs that may quench superconducting magnets, apart from
contributing significantly to the luminosity decay. To quantify their impact on the opceration of the collider,
we have uscd a three-step simulation approach, which consists of optical tracking, a Monte Carlo shower
simulation, and a thcrmal nctwork modcl of the heat flow insidc a magnct. We present simulation results
for the case of 2%Pbh®2" ion operation in the LHC, with focus on the ALICE interaction region, and show
that the cxpected heat load during nominal 2% Pb®**" operation is 40% above the quench level, This limits
thc maximum achicvable luminosity. Furthcrmore, we discuss mecthods of monitoring the losscs and
possible ways to alleviate their cffect.

TemnoBas Harpyska npu padore LHC ¢
nmyukamu - Pb*** HOMMHAJIBHOM CBETUMOCTH:

80au3zu IP1(ATLAS), IP2 (ALICE) u
IP5 (SMS) donycmumbtii ypogers 0asi — — b (mwim)

0 5 10 15

|
|

OCHOBHblX al/anﬂbelx Ceepxnp06oaﬂmux FIG. 11. (Color) The power deposition in each strand of the
. superconducting coil in the 5 cm-longitudinal cell where it
MAZHUNOB 6}7 dem npeebll/[/leH HA 40%. assumes its maximum valuc, as intcrpolated from the result of

the FLUKA simulation.
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FIG. 15. (Color) The distribution of 2*°Pb®* losses after IP2.
The two bottom plots show zooms on the largest peaks on the
upper plot. Only the loss at s = 3125 m risks to induce
quenches, because of the small projected spot size.

Puck keeHuunza Koppexmupywouiezo
mazrnuma (nocae IP2) 6 pe3y saemame
go3deiicmaus “°Pb**
oOpasyrouuxcsi nocae nomepu 08yx
HeUmpoHO8

ff\‘\\o MooenupoeaHue nomepb ny4dkoe Pb e LHC:
BFPP, 1n u 2n snekmpomMa2HUMHas

Z+72 > +e) +7Z + e” (~280b)
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OM nucconuanus 1n (EMD1) (~100 b)
2n (EMD2) (~30Db)

anpa >’Pb** nepexsaThiBalOTCS
CYLIECTBYIOMUMYU KOJUIMMATOPAMHU

BRUCE, BOCIAN, GILARDONI, AND JOWETT
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FIG. 16. (Color) The impact of the 6 envelope of the 2°0Pb®>*
ions created by EMD2 at IP2 at an aperture restriction. The
projected longitudinal rms spot size on the beam screen is only
2.9 ecm. The loss takes place in a drift section and the beginning
of next magnet, a corrector, is indicated by a dashed vertical line.
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Beam losses from ultraperipheral nuclear collisions between 2*Pb®" jons

in the Large Hadron Collider and their alleviation

R. Bruce,"* D. Bocian,>!"" S. Gilardoni,! and J. M. Jowett!

1CERN, Geneva, Switzerland
2Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA
(Received 13 May 2009; published 29 July 2009)

Electromagnetic interactions between colliding heavy ions at the Large Hadron Collid
CERN will give risc to localized bcam losscs that may quench superconducting magnets
contributing significantly to the luminosity decay. To quantify their impact on the opcration of
wc have usced a three-step simulation approach, which consists of optical tracking, a Monte (
simulation, and a thcrmal nctwork model of the heat flow inside a magnct. We present simu.
for the casc of 2%®Pb®" ion operation in the LHC, with focus on the ALICE interaction regic
that the cxpected heat load during nominal 2 Pb%>™ operation is 40% above the quench leve
thc maximum achicvable luminosity. Furthcrmore, we discuss mcthods of monitoring ths
possible ways to alleviate their cffect.

Hadeotcnoe peuwernue npobaemot
8epPOSIMHO nompebyen YCmaHo8Ku
JONOAHUMENbHBIX KOAAUMAMOPO8 UAU
MACOK

X. CONCLUSIONS

Electromagnetic interactions, such as bound-free pair
production and electromagnetic dissociation in ultraper-
ipheral nuclear collisions at the LHC, modify the charge
and mass of beam ions. These particles follow dispersive
orbits until they are lost in locations determined by the
machine optics, aperture, and the magnetic rigidity of the
1ons. When sufficiently localized they can heat supercon-
ducting magnetic elements enough to make them quench.

We have presented the first fully integrated simulation
chain of beam tracking, shower simulation, and a thermal
network model to evaluate the heat flow and quench be-
havior of the superconducting coils immersed in superfluid
liquid helium. This simulation has been applied to the most
critical loss mechanism, BFPP, occurring in the three
heavy-ion collision points in the LHC. Heat deposition
caused by 2%*Pb8!" jons in main dipoles downstream

from IP1, 1P2, and IPS is expected to be 40% above the
quench limit, while 2’Pb%?* from EMD]1 stay within the
acceptance of the arc and are cleaned by the collimation
system. Furthermore, depending on its excitation level,
there 1s some risk from quenches of a corrector magnet
ions created through

downstream of IP2 by 20pPp82*

EMD?2.
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demexkmopbl ZDC e s3kcnepumeHme ALICE

Q4| D2 D1 7 INNER TRIPLET
{ MCBWA P2 _ALICE IP Zero degree energy detected where
[ 1P3 the circulating beams are spatially
__/" — separated in two beam pipes
3 =» ZDC placed at 116 m from IP

at 0° relative to LHC beam axis

v

Spectator neutrons and protons separated by
magnetic elements of the LHC beam line =» 2 distinct
detectors: 1 for protons (ZP), 1 for neutrons (ZN)

Detection technique: quartz fibres calorimetry

=>» the technique fulfills two requirements:

ZN 7p 0 compact detectors
Dimensions [cm?] 7.04 x 7.04 x 12 x 22.4 x [ radiation hardness
100 150
Absorber material W alloy brass

2 identical systems on both sides relative to IP

absorber L9 CM® 17.61 8.48 . ]
Patrorer [9 €M7 => reduced background, improved resolution on

Filling ratio 1/22 1/65 centrality

;'C. Oppedisano 11t Topical Seminar on Innovative Particle and Radiation Detectors, 1-4 October 2008, Siena, ltaly
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Electromagnetic nuclear L=
. s . BRAFAMS ]
dissociation

EM dissociation selected by
ZDC coincidences
and TMA Veto in 4+—0—0-0
BR A HMS

Events

LO+NLO Mutual EM

*Mutual Electromagnetic dissociation

*(Spectrum of virtual photons) *
(absorption cross section) = WW

*Multiphonon GDR excitation, G,
*EM vs Nuclear coll.

*=> neutron (L*R) coincidences

+RELDIS. Pshenichnov, JPB, IM, et
al.

Sept 4, 2001 Paris, Jens Jergen Gaardhaje, Niels Bohr Institute
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Ocobblie ceoucmea e3auMHoU
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paspywaromcsi He3aeUcUMoO —
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Ocobbie ceoucmea e3aumMHou
351IeKmpoMa2HUmMHou
ouccoyuayuu: ssiopa
paspywaromcsi He3aeucumMo —
803MOXXHbl HECUMMeMmpUYHbIe
cobbimus

LieHmparibHbie unu
nepugepuyeckue
CMOJIKHOBEHUSI: COBOKYINMHOCMb

NN-cmosikHoeeHuUU —

CUMMempUYHbIU pa3earsi
S
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OmHoweHUs cevdyeHuu 1n u 2n

Tabmmra 9: OrHomenus cedenuit B3auMHOM mguccormanmu B AuAu cromkuoBeHusx npu sHeprum 65465 A I'sB
U3MepeHHBIE B Tpex skcnepumenTax Ha RHIC u3 paborsr [93]. Teoperudeckue abcoMOTHBIE 3HAUEHUS CEUEHUN U

MX OTHOIIEHHS BbIYHUCICHEI ¢ IToMommbio Moaem RELDIS u mome/m abrasion.

PHENIX PHOBOS | BRAHMS | Teopus

otoi " (Gapn) - - - 3.6

ot (Gaps) - - - 729

Tot = Ot + otor’ (6apm) - - - 10.89
i 0.661£0.014 | 0.658+0.028 | 0.68+0.06 | 0.669

o (nX|P) 0.11740.004 | 0.12340.011 | 0.1210.009 | 0.138

Z et 0.345 £ 0.012 | 0.341 £ 0.015 | 0.36 £0.02 | 0.439
Zﬁﬁﬁgzﬁ’g% 0.34540.014 | 0.337 + 0.015 | 0.35+0.03 | 0.297

o (nX|InY) 0.040-£0.002 | 0.0424:0.003 | 0.04440.004 | 0.061




Bo e3auMHou duccoyuayuu 3HaYyumersieH eksiao cobbi
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Bo e3aumMHOU duccoyuayuu 3HaYyumersrieH eksiao cobbimuu c
MasibiMu b U MHOXXeCmeeHHbIX 8036y x0eHuu
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KyrnoHoeckoe eo36y>k0eHue 080UHO20

eUc2aHMCKO20 PE€30OHaHCa 8
rnpu HU3KUX 3HepcUsAaX

Nuclear Physics AS69 (1994) 175¢-182¢ NUCLEAR
North-Holland, Amsterdam PHYS [C S A

Relativistic Coulomb Excitation of the 2-Phonon GDR in 208 pp,
W. Kiithn® for the TAPS and FOPI collaboration

o[[.Physikalisches Institut, Univ. Giessen

The photon decay of the relativistic Coulomb excitation of the double Giant Dipole
Resonance (GDR) in the target has been observed in 1 AGeV **Bi on 208ph, The photon
spectrometer TAPS([1] has been used in conjunction with the FOPI[2] detector system
at GSI (Darmstadt). For peripheral evenis which are dominated by relativistic Coulomb
excitation, the sum energy of coincident y — % pairs shows a broad Lorentzian shaped
feature at 25.6+1.0 MeV and width of 5.8£1.6 MeV which we assign to the Double GDR

observed via the 2-v decay channel.

Bos0y:xneare DGDR B ***Pb

209 : Y]
HaJleTamum ~ Bi1 ¢ sHepruenl ['aB/HyKJIoH:

BUJHO KaK HEOOJIbIIAasi OCOOEHHOCTD B
criekTpe (pOTOHOB. TpOViHBIE BO30YKICHMUS
CJIOKHO YBUJIETD IPU HU3KUX SHEPrUsiX...

CMOJIKHOBEHUSIX s10ep

J1BOMHBIE BO30YKICHUS B
OJJMHOYHOM auccouuanuu ~1%,
TporiHbie ~0.01%

180c W. Kihn | Relativistic Coulomb excitation of the 2-phonon GDR in 208[’/)

r¥vryrrrrrJ1r1rI1r1rrJ11r1rrr-1
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Counts




I'lpaKmuquKoe rnpumMmeHeHue. MOHUMOPUHZ

ceemumMocmu KoJsisiauoepoe

A. Morsch & I.A. Pshenichnov, “LHC Experimental Conditions”,

ALICE Internal Note 2002-034, n J. Phys. G 30 (2004) 1517

KonnyecTBO HENTPOHOB B €AUHULYY BPEMEHU + TEOPETUYECKOE

3Ha4YeHne cevyeHnss B3aMMHOW guccoumaumm => CBETUMOCTb

CnepnyeT ucnosib3oBaTtb Hanbonee ocTtoBepHoe (CTabunsHoe)

3HA4YeHune, HanpuMep CyMMy CeYeHUn SMUCCUN O4HOIO UMK

0BYX HENTPOHOB !

Ceuenue (mo)

E, <24 M>B E, <140 M>B Beco muanason E,
LO LO LO+NLO
RELDIS P,"=0 GNASH RELDIS RELDIS RELDIS
P,=0 P,%=0 P,%=0.26
Om - (1nX|1nY) 519 488 544 727 805
Om (InX20Y )}t 154 220 217 525 496
On °(20X]|1nY)
Om  (2nX|2nY) 11 24 22 96

Bcero: 0,"°(LMN)

684

732

783

1348

77
1378 ’
i




OcHoO6HbIe 8bI80O0bI

YnbTpanepundepnyeckne B3anMoaeNCTBUS soep NnpuBoaaT K
noTepe Ny4YkoB B TSXKEJTOMOHHbIX KOSinangepax.

B3anMHasa anekTpoMarHuTHaa guccoumaumna oyoer
NCNoJsib30BaTbCA ANA MOHUTOPUHra ceetumMmocTtn LHC, Hanpumep B
akcnepumeHTe ALICE.

DNeKTPOMarHMTHoOe B3auMoaencTBue yrbTPpapensaTUBUCTCKUX SAEP
No3BOSINT HAbMOAAaTh HOBbIE 3(PJOEKTbI, KOTOPbIE HE BUAHbLI NPU
HU3KUX SHEPrUaxX, HanpuMep, MHOXECTBEHHbIE BO36yXaAeHUS
MMraHTCKNX pe30HaHCOB COMNPOBOXAAOLLNXCS B3aUMHOW
onccoumaumen soep.

Moaenb RELDIS nmeeT psag npakTU4eckux npunioXXeHun:
— pacyeT noTtepb ny4ykos B LHC
- NpUMeHseTCca AN BblYUCNEeHUN KannbpoBOYHbIX CeYeHUn ans
MOHUTOPWHIra CBETUMOCTU KONNanaepoB A4po-a4po
- MoenupoBaHue auccoumaunmn saep KOCMUYECKUX nyyen



Hay4yHas Hoeu3Ha mooesnu RELDIS

C 1998 A0 2004 roaa nmporpamma RELDIS Obira €eAMHCTBEHHBIM B MUPE KOAOM AAS
PacYeTOB DACKTPOMArHUTHOM AMCCOIMALINI YABTPAPEASITUBUCTCKUX SIAEP METOAOM
MounTte-Kapao.

ITo cBoeit yHuBepcaabHOCTU RELDIS npeBoCXOANUT MpeXkHIIE METOABI BHIUIICACHUIA
MCTIOAB3YIOIIE TOABKO SKCIIEPMMEHTAAbHbIE AAHHBIE MO (POTOSIAEPHBIM PEAKIIVSIM.

ITocae 2004 roaa pacyeT OAMHOYHON 3AEKTPOMATHUTHON AUCCOLMALINI METOAOM
MonTte-Kapao ctaa Bo3aMoOkeH ¢ nmomombio kopoa FLUKA n 6ubanorexkn Geant4
(mpoext IONMARS). OAHaKO B 000MX CAyYasIX YYUTHIBAIOTCS TOABKO
OAHO(MOTOHHBIE MTPOIECCHl AMUAUPYIOIIETO MOPSIAKA.

Ao Hacrosero spemenn MoAeAb RELDIS He nMeeT aHaAOroB B OTHOIIEHNUNA
MOAEAMPOBAHNS MHOTO(POTOHHBIX MPOIIECCOB OAMHOYHOI ¥ B3aMHOI
HAEKTPOMArHUTHOI AVICCOIIMAN YABTPAPEASITUBUCTCKIX SIAEP.



Opu2uHaribHOCMb MoJs1y4eHHbIX
pe3yribmamoe

BriepBhle Mmoka3zaHa BO3MOKHOCTh MYAbTU(QPAarMeHTALUI SIAEP MOA AEiCTBUEM
KYAOHOBCKUX ITOA€H B YAbTpanepupepnyecknx CTOAKHOBEHMSIX.

BniepBbie 00bsICHEHA IPUPOAA HOBOTO THUIIA YAbTpanepudepnueCKux B3auMOAECTBIUI
SIA€D MPUBOASIINX K YBEAMUEHNIO UX 3apsiAd. [Toka3aHO, UTO TaKue B3UMOAECTBUS
CBSI3aHBI C PO’KAEHMEM OTPUILIATEABHO 3apSKEHHBIX MMOHOB B (POTOMOTAOIIIEHNI HA
BHYTPUSIACPHBIX HEMTPOHAX, U YTO TaKIE B3aUMOAEVCTBIS BO3MOKHBI TOABKO IIPU
SHEPTUSIX SIAeP-CHAPSIAOB Bhille 10 I'3B/HyKAOH.

Bnepsbie oncaHa COBOKYMHOCTh 3KCIIEPUMEHTAAbHBIX AAHHBIX IO 3MUCCHI HEITPOHOB
B YAbTpanepupepnIeCcKux B3aMMOACIICTBUAX SIAEP 30A0Ta Ha KoAAaliaepe RHIC.

[IpeAAOKEH HOBBIIT METOA MOHUTOPMHTA CBETUMOCTIU KOAAAIAEPOB, KOTOPHIE OCHOBAaH
Ha U3MEPEHN CYMMbI CEYEHIIT DMIUCCUN OAHOTO U ABYX HEMTPOHOB OT B3alIMHO
3ACKTPOMATHUTHOW AUCCOIMALINI CTAAKUBAIOIINXCS SIAEP B Iy4YKaX KoAAaliaepa LHC.

[IpeAAO)XKEeH NPUHINITNMAABHO HOBBI METOA U3YUYEHUSI ABOMHBIX U TPDOMHBIX
BO30YXKAEHMIT TUTAHTCKUX PE30HAHCOB IMOCPEACTBOM PErMCTPALi HEMTPOHOB OT
COOBITUIT B3AaMMHOI 3IAEKTPOMATHUTHOIM AUCCOIMAIAN SIAEP B IyYKaX KOAAQANAEPOB
YABTPAPEAATUBUCTCKUX TSHKEABIX IOHOB.



OcHo@8HbIe pe3yribmambl Ha 3aiumy

Co3gaHa He uMmetrowias aHanoros mogenb RELDIS, kotopasa ¢ nomoLubo metoga MoHTe-
Kapno mogenunpyeT OANHOYHbIE U B3aMMHbIE 3M1eKTPOMAarHUTHbIE BO30YXXOEeHNA 1
doparMeHTaunto YCKOpeHHbIX s4ep.

Mogernb onucbiBaeT 60MbLUNMHCTBO dKCNEPUMEHTaNbHbIX JAHHbIX NO hparMeHTaumn
yNbTPAPENATUBUCTCKUX S4epP B yrbTpanepudepnyecknx CTOSIKHOBEHUSX, BKITOYas
HepasHue pesynbTtaTtbl UAN-LIEPH.

BrnepBsble Teopuein 06bsCHEHbI JaHHbIE NO U3MEHEHWUIO 3aPSAA0B AAEP B TAKMUX NPOLIECCaX.

BrnepBble cMogennMpoBaHbl NPoLEeCcChl MyrbTudparmMeHTauum saep nog AeiCTBUEM
3NEKTPOMArHUTHbIX NoSien 1 geneHnsa saep dOTOHaMN BbICOKUX SHEPTUN

[MpunHAaTbIN KoNnabopaunen ALICE mMeTon MoHUTOpuHra ceetumocTt LHC onmnpaeTtcsa Ha
pe3ynbTaTtbl RELDIS.

[Toka3aHo, YTO 3NEeKTPOMArHNTHOE B3aMMOAENCTBUE YIIbTPAPENATUBUCTCKUX SAEP
No3BONUT HabnNaaTb HoBble 3d0PeKTbl, KOTOPbIe HE BUAHbI NPU HU3KUX SHEPTUSIX,
HanpuMep, MHOXeCTBEeHHble BO30Yy)XOeHNA MMraHTCKUX Pe30HaHCOB COMPOBOXAALLNXCA
B3aMMHOW guccoumaumen aaep.

Mopenb RELDIS nmeet pag apyrnx npaktu4eckmnx npunoXXeHun:
— pacyet noTtepb ny4ykos B LHC
— pacyeTbl Bbixogos saep Ha FRS B GSI
— MoAenupoBaHme guccounaunm snep KoCMmUYeCcKknx nyden



Mo Mmamepuanam ouccepmayuu onybriukoeaHo
22 pabomebli, ewe 0ee nNpuHsmsblI K nybrukayuu

* B ToM uncae: 15 crareii B BeAyIINX 3apyOeKHBIX ¥ OT€YECTBEHHBIX
KYpHaAax:

O0630p B Physics Reports

1 - Phys. Rev. Lett.

6 — Phys. Rev. C

2 — Nucl. Phys.

2 — Eur. J. Phys. A

2 - J. Phys. G: Nucl. Part. Phys.

1-4AD

5 - B cOopHMKax TpyAOB KoH(pepenumii (Elsevier, World Scientific)
2 - ALICE internal notes

* [IpuHATHI K MyOAMKALINIA:
* O030p B DUAS (0oAMH 13 nepBbix HOMEPOB 2011)
* Crarbs B AP (1-11 Beimyck 2011)



[lpedcmaesrieHO Ha Hay4YHbIX CEMUHapax:

*Electromagnetic dissociation of ultrarelativistic heavy ions, Frankfurt Institute for Advanced Studies, May 2004
*Fission and spallation of actinide nuclei by photons, Lab. Naz. Frascati, INFN, September 2003
*Fragmentation of heavy ions at CERN SPS, Bologna University, December 2002

*Electromagnetic interactions of ultrarelativistic heavy ions: from CERN SPS to RHIC and LHC colliders, GSI
Darmstadt, May 2001

*Fission and spallation of heavy nuclei by intermediate energy photons, The George Washington University, March,
2001

*Mutual heavy ion dissociation at ultrarelativistic energies, BNL, February, 2001

*DAEKTPOMArHUTHbBIE B3aUMOAENCTBUS yAbTpapeAsTuBUCTCKIX siaep Ha CERN SPS, RHIC u LHC, MU®U, Aekabpn
2000

*Electromagnetic dissociation of heavy nuclei at ultrarelativistic energies, Bologna University, March 1999
*Electromagnetic processes in peripheral collisions of ultrarelativistic heavy ions, Niels Bohr Institute, December 1999
*DAEKTPOMArHUTHbBIE B3aUMOAENCTBUS siaep Ha KoaAaiiaepax RHIC 1 LHC, HUMAD MI'Y, aekabps 1998

*[nteractions of intermediate energy photons with nucleons and nuclei, Seminars at LNF Frascati, March-July, 1995



Joknaobl Ha MeXOyHapOOHbIX KOHGbepeHUUsIX:

* (Collimation of Heavy Ion Beams in LHC, (with H.-H. Braun, R.W. Assmann, A. Ferrari,
J.-B. Jeanneret and J.M. Jowett), 9th European Particle Accelerator Conference, Lucerne,
Switzerland, 5-9 Jul 2004.

e Limits to the Performance of the LHC with Ion Beams, (with J.M. Jowett, H.-H. Braun,

M.I. Gresham, E. Mahner, A.N. Nicholson, E.N. Shaposhnikova), 9th European Particle
Accelerator Conference, Lucerne, Switzerland, 5-9 Jul 2004.

* Relativistic heavy ion collider as a photon factory: from GDR excitations to vector meson
productions, X International Seminar on Electromagnetic Interactions of Nuclei at Intermediate
Energies, Moscow 2003,

* Simultaneous heavy ion dissociation at ultrarelativistic energies, Bologna 2000 Conference:
Structure of the Nucleus at the Dawn of the Century, Bologna, Italy, 29 May - 3 Jun 2000.

* Nuclear disintegration induced by virtual photons at heavy ion colliders, 2nd KEK - Tanashi
International Symposium on Hadron and Nuclear Physics with Electromagnetic Probes, KEK
Tanashi, Tokyo, Japan, 25-27 Oct 1999
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PaccmompeHbl pa3Hoobpa3Hbie
3/1IeKmpoMa2HUMHbIE Nnpoyecchbl

* VIHKAIO3MBHOE POKAECHIE ,00, ()

* lukaro3uBHOEe poxaeHne J/W, Y

* ABYX(OTOHHBIE IIPOLECCHI POKAEHNS AMACTITOHHBIX I1ap,
BKAIOYAS T€, B KOTOPHIX ACIITOH OKA3bIBAETCS CBI3aHHBIM

* Small X physics

* B3anMmHas SACKTpOMArHuUTHAS AVICCOIMALINS SAEP U AD.

Fig. 2. A schemaltic view of (a) an electromagnetic interaction where photons emitted by the ions interact with each other, (b) a photon—nucly
reaction in which a photon emitted by an ion interacts with the other nucleus, (¢) photonuclear reaction with nuclear breakup due o phot
exchange.
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Mooernb “abrasion-ablation”

* [lepssnlii 3Tam - abrasion of nucleons.
OOpa3syeTtcs BO30yKAEHHas CucTEMaA
— ropsiumii mpedparMeHT

* Bropoii 3Tam - ablation* - pacnaa
BO30YKACHHOI CUCTEMBI, MICIIapeHue

HYKAOHOB.
* Merriam-Webster Dictionary: to remove,

especially by evaporating

s



Abrasion of nucleons

Nucleons may be abraded from collision partners in hadronic collisions.

Following Glauber multiple scattering theory, (J.Hiifner et al., PRC 12(1975)1888 ): cross
section for the abrasion of a nucleons from the projectile ( Ay, Z1) in collision with the

target (Ag, Zg)
'bc

oeta) = () x2m [oan(1-Po) PEY o

a

— with P(E) calculated as the overlap of projectile, g1(7), and target p2(7) densities:

P(B) — f PEDy (Beap(— Asown Do(F + ) (2)

— with the nuclear thickness functions:




Excitation energy of prefragments

created by abrasion of nucleons:

I. Prefragment excitation energy I computed via the

density of states of a nucleus with a holes.

II. Empirical correlation between excitation energy I and

relative prefragment mass extracted from the analisis of

— Gaimard-Schmidt formula, for each hole with

energy v (0 < y <40 MeV): g(y) = go — g1

Gives 13 MeV for the first removed nucleon, —————F p»

~ 10 MeV for others.

others.

Ericson formula, equispaced model: g(y) = go.
Gives 20 MeV for the first nucleon, ~ 40 MeV for

multifragmentation data based on the SMM model:
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