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@ Target
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[ MyOOKO-Heyrnpyroe ep paccesiHme

erp — exX

(k)
e (k) _ %/e

P (p) ‘

X~ QU(QW?)

Q? = -g? — oTpuuaTenbHasa BenuymHa ot
kBagpara 4-x MMnyrnbca BUPTyanbHOro
doToHa (g%<0), ‘BUpTyanbHOCTL OTOHA
Q2~1/R2

obmeH Z, 6030HOM nogasneH ~1/(Q?+M.?)
— faert Bknag npu Q°~M,?~ 104 3B?

X = Q?/(2p-q) — macwiTabHas nepemMeHHas
bbepkeHa, oons NpoaosibHOro UMMysbca
NPOTOHA, NepegaHHast pacCeaHHOMY KBapKy
O<x<1

y = (p-q)/(p-K) - ‘HeynpyrocTe’ peakuumn, OOsIS
9Heprum e*, nepegaHHasi BUpTyanbHOMY

doToHy O<y<1 W2 = (g+p)? —
KBagpaT 9Heprum B cucteMe LeHTpa Macce
peakumm y*p s = (k+p)* -

KBagpart 3Heprnm B CUCTEME LieHTPa Mmacc
etp
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Structure functions in NC and CC processes

2
do: 2o’ 1 _—_ - -
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NC measurements
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XF;, F, and CC measurements
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Bknag rpynnsl ONAU B H1

J1®Y: opraHnsauma coselanus konnabopauumn H1 B yoHe B 1997

CnekTpomeTp nuanpyoLwwmnx npotoHoB FPS, Plug aetekTop, aHanus
9KCnepuMeHTanbHbIX JaHHbIX:

M.KanunwwuH, B.Cnackos , AH.Mopo3os, [.HukntuH, B.MNans4nk (JIAT)
Takxke npuHnmanu yyactue: KO .K.lNotpebeHunkos, O.[aBpULLYK,
AH.AcTBauatypos, A.Kytos, B.[MaHacuk

Pa3paboTka n cosgaHme 3agHen nponopumoHansHon kamepbl BPC:

A.BuwiHeBcknn, C.Bacunbes,
An.MakaHbKuH Forward Muon

Spectrometer
s.c. Solenoid 1.16 T

Spaghetti
Calorimeters

[1o Ppumsmke Ha FPS EPS

3awmnTuUnNu auccepTaunu:
1 JOKTOPCKYIO,
1 kaHgugatckyto, 2 PhD

Backward
MWPC

ToF Forward Silicon Central Central
Scintillators Tracker Tracker Tracker MWPCs
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KTO Hac noggepxunsan B H1

Prof. John Dainton: H1 Prof. Wulfrin Bartel: Prof. Paul Newman:
Spokesperson in 1997-1999 leader of FPS project convener of H1
in 1995-2000 Diffractive group

Dr Karl-Heinz Hiller,
FPS expert, DESY IfH

Zeuthen
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H1 n HERA - yXxe ncropus

B.CnackoB okono FPS B konbue HERA
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H1 Control room Bo Bpem4
Habopa gaHHbIX 08.06.2005

[locneaoHee
onepaTtneBHoOE
coBellaHme B H1
North Hall, ntonb
2007




CnekTpomMeTp nuanpyrLmx npotoHoB FPS

[Opun3oHTanbHaa cTtaHuus

»2 nnockoctn U/V
>4 TPUIT. NNIACTUHBI

Beam

»dnbepbl d =0.48Mm
»>5 punb. crnoes - 1 kaHan
Myoy
»4yeTblpe 64-kaH. [MTYDY Ha
CTaHUUIO

BxogHoe OKHO
Roman Pot =
TonwmnHa 300 MKm

12
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Oundppakumsa B akcnepnmeHtax HERA

BonbLwon nHTepean no beicTpoTe
(Large rapidity gap, LRG) mexay
NUOVPYIOLLMM P’ 1 cucTtemomn X

O Gonbluasa ctatucTmka, JaHHble
NHTErpupoBaHbl no |t|<1M3B2

O BKnapg npoueccos guccounaymm
npoTtoHa ~20%

O cuctemaTtmnyeckne NOrpeLwHOCTH,
TaK KaK NMPoOTOH HE N3MEPAETCA

CnekTpomMeTp nuanpyroLLmnx npoTOHOB
(Forward Proton Spectrometer FPS) 1 v

prot()n B77T B72 BT Q51,5558 B47 Q42 (303438 B26 BI§22 Q615 ZEUS

H1

d n3amepeHue xp n t P
U BblgeneHue npoueccoB 6e3
auccouuaunm npoToHa

O Bonee wunpokas obnactb no X;p
(IP+IR)

U manbin akcentaHc OJETEKTOPOB

U cuctemaTtmyeckme norpeLHoCcTn nus-
3a MarHmTHom ontukn HERA

= Metoabl LRG 1 FPS nmetot pasHblie cuctemMaTuieckme norpeLHocTn

13
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Oudbpakuma B rmybokoHeynpyrom ep paccesaHmnn

HERA: ~10% npoueccos [ HP npun manbix x sasnawTca andopakymMoHHbIMMA
=>» ViccnepgoBaHne CTPYKTYpbl ANPaAKLMOHHOIO BakyyMHOro obmeHa
NnocpeacTBoOM BUpTyarnbHOro goTtoHa B pamkax KX/

rnybokoHeynpyroe
paccesiHne

\

C

>

L X

— CTPYKTYpa NpoTOHa

Oudppakumnsa B rmybOKOHEYNPYrom paccesiHum

Hona nmnyneca IP e
nepenaHHas
paccessHHOMY KBapKy
X ’ )
IBZ ~ 2 Q 2
Xp Q7+ M,
X
a-(p—p) _Q*+ M, di >W
Xp = r X Rapidity
g-p Q" +W (x|p) gap
J
Lons nmnynbca NpoToHa D ¥ P
nepenaHHas IP
peA (t) IVIY

KBagpat nepenaHHoro 4-x
nvnyneca t = (p-p')?
14



WAHanu3 akcnepuMeHTanbHbIX AaHHBIX U U3MEpeHMUe
CeYeHunsa andpaKkLMOHHOro rnyboKkoHeynpyroro ep

D(3 D(4
Jr():jar()dt

¢ F2 — pacrnpenerneHne KBapkoB B MNMPOTOHE

paccesHus

d*o Arer?

dpdQ%dx dt A

(1- y+y7)arD“‘>(ﬂ,Q2,x.p,t)

y2
&5 P® _ g D@ _ £ D)

} M CooTHoweHne mexay F.P n F,°:
X

f ? 21-y+y?/2) -

D D
o, ~F, npu Manex Y

— MHTerpmpoBaHue no |t|<1 NB? gna cpaBHeHMUS
pe3yneratoB FPS ¢ LRG n npenckasanmnamm DPDF

* F, — pacnpegeneHue

* dF,/dINQ? (HapyLweHne macluTabHowm [TIFOOHOB B MPOTOHE
WHBapPWaHTHOCTN) — pacnpegerneHune

MOOHOB B NMPOTOHE

15
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IP component:

NLO QCD.

* Fit a;,(0) (x,, dependence).
* Simultaneously, fit 5 parameters of
DPDFs (f and (° dependences) using

IR component:

* Fi1t nz one parameter for normalisation.
* All flux parameters taken from previous H1
data. PDFs taken from Owens-pion

=N lapameTpusaunsa napToOHHbIX pacnpeneneHnin Ha HadaneHom wkane Q7~°~2
3B? n NLO DGLAP aBontouus ons onnucannsa gaHHbix no F2 (B, C¥)

DPDF cuHrnert kBapkoB

7%(z2,Q;) = A2 Bs (1- z)Cq

M.KanuwiuH 27.02.2014

DPDF rntooHa: Fit A

29(2,Qf) = A, (1- 7)Cs

Fit B

Zg(ziQOZ):Ag

16



@D "EP'n andpakuMoHHbIe NapTOHHbIE
. pacnpeneneHuns

* aHHble Mo F,P He YyBCTBUTESbHbI K
pacnpegeneHuto rmooHOB rnpu 6onbLLINX

= 0.01

A
10 F

-2
10 F

® HiData

—— H12006 DPDF Fit A
i (extrapol. fit)

* NLO DGLAP ¢ut gaHHbIx no F,P

onpenender AndpakuNOHHbIE

pacnpeneneHna CUHIneTa KBapkoB, a Takke
[MFOOHOB NpU Marnblx gonax uMmnynsca IP

gonax umnyneca IP \
S ¥ Singlet N 2
q 02F g = X MGeV
= g 8.5
A ! r .
N 01 ._/ r
0o— : : 0
0.2} 0.5
L r 20
0.1} 0.25
ﬁ ok of ‘
0.21% 0.5 "\
L= A . 90
01| 0.25
0H— 0r
0.2\ 05
i Eo 800
0.1} 0.25
902 04 06 08 002 04 06 08
z z
H1 2006 DPDF Fit A — H1 2006 DPDF Fit B
E= (exp.error) - (exp.+theor. error)

[ 1 (exp.ttheor. error)

»BKnapg rnooHOB B
anppakuMOoHHbIN OOMEH
coctaBndeTt ~/0% 17



i
3'* X,p 6,003)

WHD;DM PpakUMOHHbIE PYHKLINY

pacnpeneneHns NapToHOB

* dndpakymoHHble pyHKLUMK pacnpeneneHnsa CUHrreTa KBapkoB W rMH00Ha
N3 KOMBUHMpoBaHHOro DGLAP duTa gaHHbIx no F,P n ceyeHnsm
ondopakunoHHoro obpasoBaHus CTPyn aapoHOB

10°

10°

10°

10

X = 0.01
® H1 Data
= H12006 DPDF Fit A

= i (extrapol. fit)
[ X=5E-05

(] $=0.005 (1=11)

X=8E-05

. & $=0.008 (I=10)

r x=0.00013
[ = }r;’i" p=0.013 (1=9)

F 1}; x=00002
. 5=0.02 (1=8)

E x=0.0008
L L] ! [=0.08 (1=5)
e
I -
x=0.0013
!f.’!—r"-"’L- p=0.13(1=4)

x=0.002
B p=0.2(1=3)
- W x=0.0032
o [} ] $=0.32(I=2)

%=0.005
=05 (I=1)

x=0.008
p=0.8 (I=0)

o Q,’-"“T X=0,00032
‘Q‘ (=0.032 (1=7)
’ & /lrf'T x=0.0005
L= P=0.05 (1-6) ﬁ
| e

Ll I Lol I |
2

10°
Q? [GeV?

=l Singlet
Noal
N =
N | u2=1.75 GeV?
0.2 F
O L
—H1 Fit2019 NNLO prel.
0.4 @@exp.unc.
’ +exp. +theor. unc.
— H1 Fit2006B NLO 12=20 GeV?
0.2
O i L |
0.4
[ 12=800 GeV?
0.2}
0 [ N 1 N
0.5 1
Z

Diffractive jet data constrain the
diffractive gluon PDF @NNLO 2019
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@N (Detector) & L5  _ (Detector)
Extracted beam : 7 T,




BM@N detector for heavy ion program  pM@N
(without beampipe)

CSCa
=Analyzing Magnet ToF-400 &

mSTS

“ Barrel

m Target
i Si beam tracker

mVetoC
w Si beam tracker
i Si beam tracker

= Si beam profiler \ \2 CSC &

P mBC2 =L
mBC1 /

ECAL &
= Si beam profiler

ToF-700 & ZDCa

CSCa

mFwdSi/ GEM
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Heavy lon Collision Experiments

y4
FTTT
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: EsPHE_NIX_ _;. 5 A GeV Au + Au (b=0): p(0,0,0,t)

10*

Interaction
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o o
N w

—_
o
| ||||||I| | ||||||||

Collider

ébairyqéméc:
2 3 4567 10 20 30 100 200
Collision Energy {s\, (GeV)

BM@N: Vs,,= 2.3 - 3.3 GeV BM@N competitors:

MPD: \/S =4-11 GeV HADES BES (SIS): Au+Au at \/syy = 2.42 GeV,
NN Ag+Ag at \/Syy = 2.42 GeV, 2.55 GeV.

STAR BES (RHIC): Au+Au at /Sy = 3-200 GeV
Future CBM experiment: Au+Au at Vsy,~ 2.7 — 4.9 GeV 21

5 10
Elapsed time t (fm/c)

—
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EOS of symmetric and asymmetric nuclear matter

Ch. Fuchs and H.H. Wolter, EF’JA 30 (2006) 5

11UV

V)

® 50

E/A (M

| —— DBHF (BonnA)
BHF AV, ;+3-BF
var AV, ;+3-BF

] e

p/p,

Hyperon vyield in 4A GeV Au+Au:
soft EOS (K=240 MeV) / hard EOS (K=350) MeV

EOS: relation between density, pressure,
temperature, energy and isospin asymmetry

EA(pvé) =
with 0= (p,—p,)/P

Curvature defined by nuclear
incompressibility: K = 9p? 8%(E/A)/5p?

EA(paO)+Esym(p)'62
E/A(p,) = -16 MeV

» Study symmetric matter EOS at p=3-5 p,
— elliptic flow of protons, mesons and
hyperons

g
n

[II\I|\III‘\\\I|I\I\‘

EOS soft/hard
— E_J; N

oot
n

>lm O

U |
LA .
Il

Q+

— sub-threshold production of strange
mesons and hyperons

— extract K from data to model predictions
» Constrain symmetry energy Eg,

>

PHQMD prellmlnary calculatlons

— elliptic flow of neutrons vs protons
— sub-threshold production of particles with

- opposite isospin

O\\\\

> 7 ST BTN

Threshold energy, GeV

I 1 2 I

20 22

BM@N experiment



(NICA) Study of EoS: Collective flow ofn—

identified particles Y
: 0.05- o ¥
> collective flow of identified particles SRR v ¥
— . T g L
(n,K,p,A\,=,Q,...) driven by the pressure ‘.;|- o oane
gradient in the early fireball o, |
. out-of :E%EI
L plang s E805
v/ e CERES
- - - . 'D,Dﬁ_ | l
Azimuthal angle distribution: t FSTAR
dN/d@ oc (1 + 2v; cos®p + 2v, cos2®) Y * Phobos
-0.1 MHI-1I o . 2 3 4
Proton flow in Au+Au collisions e JA‘{LW o
in-plane flow ~ v, out-of-plane flow v, e
Puad P 2 3 5 ~7 — ~2 =E——=5 =7 P. Danielewicz, R. Lacey, W.G.
S A LA B B T ] Lynch, Science 298 (2002) 1592
L O Plastic Ball ] I
W F :E;}SS T ‘ETSBU MeV _ i cascads, [ 1 [off plane squeeze-oui|
S * E877 | el o A
> 1. F
8 02 [~ 300 1 1 DATA
I 1o 5 é -0.05 o PlasticBall |
b p
o0 4 1 0'10:_ 20 ¢ [ = bounce off
. ) ~ BM@N ranqe - - K=380MeV  more prescure
0.1 05 1.0 50 10.0 “5_'1 lof5m1lfo — '510"'1'(1).0 |oif plane squeeze-out]
n A (GeV) E,.../A (GeV) -
M.Kapishin BM@N experiment



Plan for BM@N Experimental physics run in Xe beam with Csl
target for 800 hours (33 days) in October-December 2022

BM@N: Estimated hyperon yields in Xe + Cs collisions

4 A GeV Xe+Cs collisions, multiplicities from PHSD model,
Beam intensity 2.5-10°/s, DAQ rate 2.5-103/s, accelerator duty factor 0.25

1.8:10° interactions
1.8-101! beam ions

Particle | E4,NN M £ Yield/s Yield / 800

GeV | b<10fm | % | b<10fm hours
DCM-SMM
A 1.6 15 2 150 x 0.75
= 3.7 | 23102 | 05| 0.55 x 0.5
o 69 | 2.6.105 |0.25/| 3.2.104

Anti-A 7.1 1.510° | 0.5 | 3.7:104

24



Xe + Csl run configuration of hybrid central tracker:
3 Forward Si + 7 GEM stations

DCM-SMM model: Xe + Sn, T,= 1.5 - 3.9 AGeV

o 4007
> C i
023 L A—>p+T
& 3001 By, =1.5 AGeV
3 L Mass = 1.1156
E C Sigma = 0.0033
2001~ S/B=12.5
i S/S+B=29.2
L Eff. = 1.1%
100~ *
B *
- *
0 | | | W
1.05 1.1 1.15 1.2
M, . GeV/c?
2 1000
= I~ )
ﬁ l A—=p+T
~ L E,, =3.9AGeV
8 = Mass = 1.1158
E L Sigma = 0.0023
500— | S/B=2.1
i S/S+B =39.2
i -~ Eff. =2.1%
*
i . .
- i T
OM\ T T T S TR R A E
1.05 1.1 1.15 12
M, ., GeV/c?
M.Kapishin

Ap /p (%)

Entries / 2 MeV/c?

3.5\
3 N
2.5§ b
25\
1.5
; —— B=04T
15 —a— B=06T
0.5:_..—6—B:0.8T
Ew L [ I I | L I I L L1
% 1 2 3 3 5 6
p (GeV/c)
300
i E—oA+T H
- E,, =3.9 AGeV
2001 Mass = 1.3219
- 1 Sigma = 0.0031
S/B=32
L L S/YS+B =256
100 I Eff. =0.73%
0

13 135

1.25

14
M, GeV/c?

BM@N experiment

BM@N

.Zinchenko, V.Vasendina
3 Forward Si + 7 GEM

Phase space of

reconstructed A\
LA —p -+ (sel) fa'::fi 12233 50
. 3 i Eyin = 3.9 AGeV gd.zd;:v R gg:]i‘lrr;
E r Std Dev y 02608 | |40
2 30
i 20
17
i 10
1 N 30
y
Laboratory system
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normalised dE/dx

normalised dE/dx

|dentification of 1+, K+, p, t, He3, d/He4

| -1700

600

-1500
400
300
200
100

po ol s by by g by ' mn iy
% 123456 738 9

10

p/q, GeV/c/q
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Production of m+ and K* mesons in BM@N
3.2 AGeV argon-nucleus interactions at the
Nuclotron
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BM@N tracking detector installation for heavy ion run BM@N
Forward Si tracker detectorsin
front of GEM detectors

GEM group + engineer group of S.Piyadin X
GEM detectors on
positioning _
mechanics in magnet ©€am pipe

Carbon vacuum
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BM@N detector preparation for heavy ion run BM@N
FST group of N.Zamiatin

3 Silicon beam tracking detectors

Beam profile meter with Si detector
and positioning mechanics

\ S
=T . R
7 U, N
Wi

Outer tracker: Cathode Strip '
Chambers — 4 CSC of 106x106 Silicon beam tracking INRRAS group
ST detector jn SRC setup :

== Forward hodoscope i
BM@N experiment front of FHCAL



Forward Silicon Tracker for heavy ion run BM@N

Setup for FSTtests gt support FST group of N.Zamiatin

Assembled FST half station of 7
detectors

Cosmic ray X/Y profile of FST half station

» All 48 modules and 4 FST stations
with 6, 10,14,18 modules are
assembled, tested and installed 30
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BM@N Collaboration: 182 participants from 10
Institutions
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9th BM@N Collaboration Meeting 13-16 September 2022:
128 participants (in person and remotely)
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9th BM@N Collaboration Meeting , 15 September 2022:
preparation for the Xe run at Lipnya Island
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