IHEP Diffractive group ..

I
H
E
p

HdBIE
V.Petrov, R.Ryutin, A.Godizov, A.Sabol, V.Samoilenko

np and wnt scattering:
towards the first LHC results

R.Ryutin, IHEP

DIFFRACTION 2010, Otranto, Italy

Forward Physics R.Ryutin



e Historical outlook and motivations

* Model for charge exchange processes

e Extraction of the cross-sections from
data. Theoretical errors.

* Experimental situation.

* Total mp and m cross—-sections.
Monte-Carlo and real data at 900 GeV
and 7 TeV.

* Future prospects: elastic and
inclusive di-jet cross-sections

DIFFRACTION 2010, Otranto, Italy Forward Physics R.Ryutin



Universality of strong interactions

Cirosa section (mi)

Crona section (mb)
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Extraction of wnp and nt cross-sections

[ W.J. Robertson, W.D. Walker, J.L. Davis,
Phys. Rev. D7 (1973) 2554 ]

Basic idea of the

extrapolation to t - m3:
[ G.F. Chew, F.E. Low,

Phys. Rev. 113 (1959) 1640 ]
[ C. Goebel, Phys. Rev. Lett. 1 (1958) 337 ]

from y*p - nt+n- p

Gtot(np)=3113. 6 mb
at Vs=50 GeV

[ M.G. Ryskin, Y.M. Shabelski, Yad. Fiz. 61(1998) 89]
[ J.Breitweg (ZEUS Collab.), Eur. Phys. J. C2 (1998) 247 ]
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7t © cross-sections in mb
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[ H. Abramowicz et al., Nucl. Phys. B166 (1980) 62 ]
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200_>550 GeV at 0.9 TeV _ Gi"‘pn —1 p-zr,.'&-l 2oy (t)

t
1.5—54TeV  at7 TeV ) 167* (¢ —m3)
—t o~ % 72 4 pnd (BT) = 13.75

o () = 0.9(t — m?2), b~ 0.3 GeV~?

T dosx
g c;%d; = Fo(&,1)S(s/50,&,t)0n+p(s §)
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D 1
absorbtion\

[ V.A. Petrov, A.V. Prokudin,
Eur. Phys. J. C23 (2002) 135 ]

It 1s possible to keep
interpretation of mp scattering

“enhanced” diagrams

~ with 3IP vertexes

[ A.B. Kaidalov, V.A. Khoze, A.D. Martin and
M.G. Ryskin, Eur. Phys. J. C47 (2006) 385 ]
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Vs=10 TeV (LHC)

7 GeV (ISR)
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Function S*t/m2 for §=0.05

S t/my? § t/m The boundary
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Exact extrapolation procedure (“model independent”)

: S(s/s0,&,t)t : dosE
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Integral extraction procedure
(depends on the model for absorbtion,
but can be normalized to pp cross-sections!)

Without LHC measurements (TOTEM, ...) at 10 TeV theoretical error from
most popular models is about 10%, at 0.9 TeV errors are low, since we have

the data at 1.9 TeV.
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At 140 m for 5 TeV neutron t ~ 0.128 R*2: t < 0.3 =>R<1.5cm
Central cell (2x10 cm) of EM ZDC: t<1.2 GeV-2

 Detector Slot
;,— " - - ;—;}_, Fhatotulres
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Fre 1. Schemae view of the THGEM.

1. A Concise review on THGEM detectors.
Nucl.Instrum.Meth.A598:107-111,2009.
e-Print: arXiv:0807.2026 [physics.ins-det]

2. Development of detector active element based on thgem.

e-Print: arXiv:0906.4441 [physics.ins-det]
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[R.Ryutin ,V.Petrov, A.Sobol, in preparation | [ V.Petrov, R.Ryutin, A.Sobol, EPJC 65 (2010) 237 ]

‘. [ A.Sobol, R.Ryutin, V.Petrov and M.Murray, Arxiv:1005.2984 ]
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We propose to perform measurements of CE and DCE processes at LHC.
For the leading neutron detection Zero Degree Calorimeter could be used.

MC Generator =
MonChER1.0:

(Monte-Carlo for
Charge Exchange
Reactions) IS

O\‘\\\\‘\

-10 =7.5 75‘:2‘.‘5‘ | ‘O‘ | “2.5‘ | ‘5‘ N
All processes have leading neutrons at [n|>8.5. So

* SD, DD and MB can imitate STE and D7E; 1078 S5 25 028 5 75 10
* STE can imitate DTE
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We selected events with 1 neutron detected in ZDCForward and look on Calo in forward and backward region
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Nhits(HF) >7
diffraction ~ 0,
but MB ~ CE
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ENDCAP
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CE & DCE at 10 TeV

No selection
S/B

CE 1/28

DCE 1/380

|

Simple selection:

N

{CEn;[ﬁ::ig & =0 (DCE:;;{::EzS
S/B
{£<0.4 & CE1} (CE) 1/2.7
{£<0.4 & DCE1} (DCE) 1/1.6
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Additional selections
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Forward Physics

DCE: [t|<0.3 GeV?
S/B ~ 1/0.07
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Process | CE | DCE | SD | DD | MB | Elastic | Total
,mb | 1.76 | 0.14 [ 11.7 | 64 [325]| 128 G5.3
CE & DCE at 900 GeVv 2, m *
[CE selection | CE : DCE : Difiraction MB [ (5: B)ce DCE selection | DCE CE Dliframmn : MB [ (S:B)er
NO 1 0.08 10.3 195 | 180 : : i 24381 1385
CE1 1 0.11 0.44 0.07 10:6
f
% B ml) : (CE2) : N s > 100 (DCE2) : NEB > 20
(CE” . NL —0 & NE -0 { } Nﬁ =0 ” " hits
) | S/B -~ 100/8 x,_,; —w 100/3
-#:mi B - 1006 # S/B - 100/14 w0l CEl & CE2 DCE1 & DCE2
Im‘i CEl 0 DCEI |Ir "”
uix"i Te] i "':'
a0 | = ’U
&.E e : I|.:.
00} 0 b : -:- T4

At 900 GeV we have good chances to get
1077 CE and 1076 DCE events at 1 pb*-1,

CE1

Mhits in EBarrel
DCEL

using ZDC+CMS Calorimeters only!
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‘| EfMcency of signal
selection - 1 %

| BIS ratio
! DCE1 & DCE2

| EfMcency of
J‘H signal selection ~ 4.6%
1 SR S PO =

Model dependent extractionof np & nn

total cross-sections at 200-600 & 50-350 GeV
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= 2000 | < Notaz >=8.2%
At 900 GeV p and a2 exchanges are suppressed up to 3% [ Ng
just by ZDC acceptance due to different neutron 1000 L
kinematics. :
At 7090 GeV there is no such difference and p+a2 exchange 0 e e
remains at level ~8%. M, GeV
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n of forward neutron if n backward <-8.5 N/ : |
DTCTCE 350 F 400 - 900 Gev A'Jr;n'r-l--sﬂ‘rr (J/
300 b 900 GeV 50 i  Npx
DthE 250 |- 300 ; \\
200 > 250 ; \ .
ZDC t | 200 400
Da2nE . acceptance ol M. Gev
Lo 7 B‘T
100 150 prtalm 0
, < 4= >=19.3%
DprE+Da2nE sof | :lﬁq_tth:%% 100 N
0795 T8 85 9 95 10 105 1 0 IIL
n OO 50 100 150 2(50 250 300 350 ‘ 400
CME, GeV 900 7000 M, GeV
Zeriedr Of 473 | 434 | N oy Nertarr g
T ) 8000 N.
£ - 7000 GeV 0 o
zpc | DrmE | A4S0 996 A s AN
acceptance ’ /0 DprE 0.28 99.8 6000 | lJ 40| N
P DagnE | 065 | 99.7 | ., 20 f 2N
iﬁ'\‘ur:r,rr Nor+a2n ; o
Nortoar 07 193 | 434 | e < >=434% | oy
3000 b t
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Elastic CE & DCE at 10 TeV

No selection
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Elastic CE at 10 TeV: pion detection
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[ M. Albrow et al., JINST 4, (2009) P10001 ]
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Forward Shower Counters (FSC):

Forward Physics

8<n<11
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* CE (pp—nX) and DCE (pp—nXn) processes measured at LHC could provide us

with unique information on m+p and @w+n+ cross sections at very high c.m. energy (up to several TeV):
total, elastic, inclusive jet cross-sections, ... => universal behaviour, value of absorbtion, diffractive
patterns, parton distributions in a pion, ...

* Cross-sections for CE & DCE processes are estimated to be 1.5 mb & 0.2 mb at 10 TeV (very large
number of events, even with low efficiency of registration)

* Model for charge exchange processes (with @, p and a2 reggeons) in the range 0<qt<0.5 GeYV,
0.0001<€<0.4, 0.9 TeV<vVs<14 TeV was developed and applied to MC (generator MonChER1.0:
4 models for pion-proton scattering, 3IP model for absorbtion)

* Model-independent extraction of 7+ p and w+ @+ cross-sections is possible for LHC if we can
measure t-distributions. It is not possible for the present design of ZDC (or at 900 GeV with some
restrictions) => At this moment only model-dependent extraction is possible with uncertainties in
absorbtion (can be normalized to pp, at present we have 10% model error from most popular models)

* Backgrounds: SD,DD,CD,MB are suppressed at [t[<0.25 GeV? (S/B~10). But even for the whole ZDC
acceptance we can reach also S/B~10 with efficiency 1-3% for StE and 5-10% for DnE without t-cuts,
using the information from CMS detectors. Reggeon backgrounds can reach 3% (8%) at 0.9 (7) TeV
for CE and 19% (43%) for DCE. Pile-up is supposed to be low at first runs.

* Total and inclusive dijet cross-sections 7w p and & 7 cross-sections could be extracted from the real
data at 0.9!!! and 7 TeV in a model-dependent way.

* For elastic cross-sections and t-measurements we need modifications of detectors (FSC, ZDC,
THGEM).
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Total CE and DCE cross-sections in the region

Q={0<gt<0.5 GeV, 0.0025<§<0.4}
COMPETE DL GP BSW  parametrizations for 6

Teot (D;TE) r mb

— =
== =
=
—

0.3 -
0.275 -

0.225}

‘—-_-__________._-—.—-—-—-
-
-
—

0.2

0.175
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Since there are no real data for nm cross-sections,
we can use factorization assumptions:

2 ) ﬁﬂ t 2 .
COMPETE Orr = gﬁ GP Bra(t) = {j’p_(t) B(t) ar§ I'CS.IdU,CS of reggeon
DL Tpp BSW o (1) poles in eikonals

DIFFRACTION 2010, Otranto, Italy Forward Physics R.Ryutin



‘ do mb

E

TP ISR, Vs =44.9 GeV

40+t

20 A

i

1
Edo

d*p ' gev?
40}

ile

ISR, \s =52.8 GeV

Sl

¢ € —1.7-Theor™

207

Theor—

4 p

SRR }\{\
5\

.74

“P ST NA49, Vs =17.2 GeV g
0.8
20+

152
4

104

5t

0.2}

DIFFRACTION 2010, Otranto,

Italy

"Theor—

Forward Physics

R.Ryutin



r is the transverse distance from the center of ZDC
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r is the transverse distance from the center of ZDC
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