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Charge Exchange and Double Charge Exchange study  with CMS&ZDC 

p

p

X

n

n
π+

π+

π+

p

p
X

n Estimated cross section

Expected result

π+

π+

p p

np

π+

π+

π+

π+

n

np

p

jet

jet

n

p

p
π+

π+p

n
jet

jet
n

π+
p

Hard πp and ππ scattering

gives access to a
•parton distributions in a pion in a still unexplored 
domain of Q² and x 
•possible extraction of effective strangeness, charm, 
and beauty content of the pion
•study of the  d-u asymmetry in the pion

ZDC opens new possibilities for diffractive physics, especially in measurements of the pi-p and pi-pi elastic and inelastic interactions and hard scattering.
Some estimations were done in the work  noted in the top of the slide.
==================================================Press ENTER
It was proposed to study charged exchange and double charge exchange processes with leading neutron measurement by ZDC 
Such measurements could be used for extraction of the total pi+p and pi+pi+ csection (according to an old idea of Goebel and Chew-Low) .
Cross sections estimated for LHC energy 10 TeV are very high: 2.6 mb for CE and 0.2 mb for DCE.
 ==================================================Press ENTER
Also It will be extremely interesting to extract csections from the processes of CE and DCE, where pi+p and pi+pi+
interact elastically.  These are processes with small multiplicity in the final state:  neutron, pi+ and p in CE 
and 2 neutrons, 2 pions  in the DCE. 
===================================================Press ENTER
Hard scattering pi+p and pi+pi+ interactions in the CE and DCE should produce 2 jets in the final state of reactions.
Study of such proc. could give access to a parton distributions in a pion  in a still unexplored region of Q and x.
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Total Total pionpion--proton and proton and pionpion--pionpion crosscross--sections sections 
(universal (universal behaviourbehaviour?)?)

elastic/total ratioelastic/total ratio counting rules and rolecounting rules and role
of absorptive effectsof absorptive effects

pionpion--pionpion

pionpion--protonproton

protonproton--protonproton



CE and DCE study :  present and previous exercises with extraction of πp and ππ csections

ExperimentExperiment √s σσ(ext.)(ext.) σσ(PDG)(PDG)

NA49 9.4 21.4±2.3 23.2

IS
R

10.8 21.4±2.3 23.19

15.9 22.8±1.9 23.55

18.7 21.4±1.6 23.85

22.2 23.2±1.5 24.27

HERA 50 31±3.6 27.43

PHENIX 70 25.9±4.5 29.3

Extracted Extracted σσ((ππp)p) versus versus parametrizationparametrization for for 
real data from Particle Data Group real data from Particle Data Group 

Extracted Extracted σσ((π ππ π)) at low energies at low energies 

[[W.J. Robertson, W.D. Walker, J.L. Davis, Phys. Rev. DW.J. Robertson, W.D. Walker, J.L. Davis, Phys. Rev. D77 (1973) 2554(1973) 2554]]

[[H.AbramowiczH.Abramowicz et al., et al., NuclNucl. Phys., B166, (1980), 62]. Phys., B166, (1980), 62]
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This slide presents some brief rev. of  pi-p and pi-pi cs measurements made earlier.
 ==================================================Press ENTER
Pi-proton total cross section has been measured directly in the fixed target experiments up to the energy ~ 25 GeV.
That is shown oh the left botton figure. Some experiments provide us with data which allow extract pi-p total cross section
and compare ones with the measured values or with the results of data parametrization.
Results of  such exercises shown on the fig. and in the table. You can see that in the region higher 25 GeV we have only 2 points 
at  50 and 70 GeV from HERA and PHENIX calculated  with big errors.
==================================================Press ENTER
For pi-pi we have only extracted data for the cs. They are presented on the left slide’s pictures. There are detail 
calculations up to 4 GeV (top) and some point s up to 60 GeV (bottom). 




Model dependent extractionModel dependent extraction
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ξξ=0.1   =0.1   
M(CE) ~ 3 M(CE) ~ 3 TeVTeV
M(DM(DCCE) ~ 1 E) ~ 1 TeVTeV

Model for S:Model for S:
[V. [V. PetrovPetrov, A. , A. ProkudinProkudin, EPJC 23 (2002) 135], EPJC 23 (2002) 135]

Theoretical  error   < 10% !Theoretical  error   < 10% !



Model dependent extractionModel dependent extraction

CE crossCE cross--section integrated section integrated 
in the interval 0<pt<0.11 (1in the interval 0<pt<0.11 (1--ξξ))

Extracted Extracted pionpion--proton crossproton cross--sectionsection
25.9 25.9 +/+/-- 4.5 4.5 mbmb at at sqrtsqrt(s)=70 (s)=70 GeVGeV

ParametrizationsParametrizations givegive
27.3 27.3 ÷÷29.3 29.3 mbmb

Different models give total pp Different models give total pp 
crosscross--sections  at  sections  at  sqrtsqrt(s)=10 (s)=10 TeVTeV
9595÷÷105 105 mbmb
(theoretical  uncertainty)(theoretical  uncertainty)



CE and DCE study  at 10 TeV

Nhits in BARREL

CE
MB
SD & DD

t, GeV^2

M, GeV

B/S ratio

M, GeV

Efficency of  signal selection

S/B optimization (CE as example) S/B optimization (CE as example) 

CE and DCE processes measured at LHC could provide us 
with unique data  of  π+p and π+π+   cross sections 
at very high c.m. energy (up to several TeV)

With the information from ZDC and CMS CALO we could
suppress background for CE and DCE events effectively  and
collect around  3x10^6 CE events and 10^6 DCE events at  1 pb^-1
(very rough estimates on the generator level)

Using model-dependent  methods we could extract  total cross sections  
for  π+p   in the mass region  1-6 TeV and 
for  π+π+  in the mass region  0.5-4 TeV.

For  model-independent cs measurements t _neutron  should be measured   

Signal Signal Background Background 

σ ~ 50 mb σ ~ 14 mb σ ~ 9.7 mb σ ~ 0.2 mb σ ~ 2.6 mb 

On the generator level it was studied possible selection of CE and DCE signal events from background.
CE and DCE events have been generated by EDDE v.3 (Protvino made) event generator, possible background
including diffractive and minimum bias events has been generated by PYTHIA. All background processes have
neutrons in the ZDC acceptance. Corresponding cross sections at 10 TeV and distributions on pseudorapidity
shown  on the top histograms
 ======================================================= Press ENTER 
To trigger CE events we should detect neutrons in the one ZDC and observe absent of neutrons in the opposite one.
For DCE 2 neutrons should be detected by both ZDCs. As example it is shown CE selection procedure. 
On the right fig. : t-distribution of neutrons and N hits in the CMS BARREL for signal and background.
Study shows that optimal way – use both selections: t and Nhits in Barrel. They correlates and we could get higher
significance using both.
======================================================= Press ENTER 
As ZDC can not measure t we should use cut Nhits in Barrel > 50.  This cut select CE events wit efficency
1-5 % in the mass region 1-6TeV with a high purity of events ( S/B ratio  higher than 10:1).
======================================================= Press ENTER 
In spite of so small efficency we could get a huge sample of CE events due to the its high  cs.
Rough estimations give 3x10^9 CE events and 10^9 DCE events at 1 fb^-1 integrated lumi.
Using these data and using model-dependent  methods we could extract  total cross sections  
for  p+p   in the mass region  1-6 TeV and 
for  p+p+  in the mass region  0.5-4 TeV.
For model-independent cs measurements ZDC should be able to measure t of lead. neutrons. 



CE and DCE  at 900 GeV

Conclusion:  at 900 GeV we have good chances to get 
~10^7  CE and ~ 10^6 DCE events at 1 pb^-1 

using information from ZDC and CMS Calorimeters only. Total ππ and πp cross sections can be extracted from this 
data by model-dependent methods in the mass region 

200-600 GeV for πp  and  50-300 GeV for ππ
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CE and DCE study  at 2.36 TeV
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Conclusion:  at 900 GeV we have good chances to get
~6x10^7  CE and ~ 2x10^7 DCE events at 1 pb^-1 

using information from ZDC and CMS Calorimeters only. Total ππ and πp cross sections can be extracted from this 
data by model-dependent methods in the mass region 

400-1500 GeV for πp  and  100-1000 GeV for ππ

. 



Conclusion

√s, GeV πp mass, GeV ππ mass, GeV

900 200 - 600 50 - 300

2360 400 - 1500 100 - 1000

10000 1000 - 6000 500 - 4000

ππ and πp mass  at different √s 

üCE and DCE processes measured at LHC could provide us with unique data of π+p 
and π+π+ cross sections at very high c.m. energy (up to several TeV)

üWith the information from ZDC and CMS CALO we could trigger signal  and 
suppress background for CE and DCE events effectively

üData from 3 LHC energies cover  wide mass interval. Using model-dependent  
methods we could extract  total cross sections  

for  π+p   in the mass region  200-6000 GeV and 
for  π+π+  in the mass region  50-4000 GeV

üππ total cs extracted from 900 GeV  data  are placed  in  the mass interval
50 – 300 GeV, where we have cs obtained from the real exp. data. We have real 
possibility  to compare results   


