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Main points:

Why this is important

The new model: assumption and behavior in both LAB and CM frame

* Comparison with other 2 models based on parameterizations: Striganov’s and Ying Wang’s models

Predictions
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Why is this important?
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Why is this important? Very little data and no unique model!!!

Physics is: p+p >(@+p)+p+p Conserve charge and baryon number

But for: p+W -(W+ p)+X

too complicated to be expressed in terms of QCD and people often used different parameterizations

based on “Feynman x” or “pr” . | We think we need a more physical model!
Available data What we need
* Mostly at high Energies ( ~ 100 GeV) * Energy “close” to the threshold ( ~ 10 GeV)
* Mostly from pp collisions * pW (proton-Tungsten) collisions
* Mostly at forward angles * Interest in backward events (opposite to

i incoming proton
Hard to think we can extrapolate! &P )

Since there’s no unique model, it is important to try

different ones in order to estimate a systematic

uncertainty on the background prediction. This is a

standard method: take a range of models and compare
8/25/19 predictions



The new proposed model

High p backward events are likely produced by interactions with
multiple nucleons (“Fireball” model): studied at ITEP accelerator
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Cumulative number (momentum, theta) : number of nucleons to
be hit to produce an antiproton with that momentum at angle
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From Robert Bernstein: Mu2e-doc-27801-v10
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Previous model’s made by
Sergei Striganov (unpublished).
We fitted the same data he
chose so that the two models
will be comparable

The new proposed model

After cleaning up the code (with Most important:

» respect to mu2e-docdb 27801) » now we have a fit with a
what we've got is:

Uncertainty Matrix

x?2/dof = 88/42

, Striganov's fit
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Comparison at p = 10 Gev between fits. From Robert Bernstein: Mu2e-doc-27801-v10



Behavior of the invariant Xsec
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1. Forthe Exponential term:
forward suppression Sg(60) in
the exponential part while
cumulative number > 1:

Su(0) 1 if cosf < 0 (backward)
L] =
F 0 if cos# > 0 (forward)

2. Forthe Gaussian term: O --
an offset to the Gaussian
mean —is needed in order to
have a good fit. Maybe energy
loss before leaving the
nucleus?
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if cumulative number < 1

Variables:

. P if cosf >0
Pem = —pE, ifcosd <0

o K. =FEL, —my

if cumulative number > 1 Fitted parameters: Ng, Ng, 0g, Koem.Oc, Og.

Tungsten nucleus

_7_L(cos(6)) * p=23eldgcm?
Models exists that tell us to increase the density by

a factor ~23 inside a multinucleon state. (*)
A g =191.9 g cm2(from PDG) = 1.04 fm
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(*) G. A. Leskin - Methods for Investigating Nuclear Matter under the
Conditions Characteristic of Its Transition to Quark-Gluon Plasma
February 7, 2002

Something is favoring backward-produced

diffXsecDEFBOB_cm1

Entries 200

| Mean -0.1551
H—/ : Std Dev 0.3317

events here as well

Can we eliminate this parameter and apply a
similar suppression ?

N

* 1 nucleon so:

\ A ¢ =191.9 g cm2(from PDG) = 8.3 fm

\ in the nucleus, but this is much more
- ‘ﬂ B LN complicated — same general problem
15 B R 05 1 15 2 as neutrino-nucleus interactions

PernPinaa studied for LAr!! 6



Behavior and first comparisons

* Anintegration over the phase space (with p,,4x given by kinematics limits) gives us an idea:
3

fozn fon fopmax (E Z—z;)—;pzsin(e)dp dé do ~ 99:

- Integrals performed with different methods, same result.

- Same for Striganov’s parametrization gives us = 30. (= 42 for Ying Wang )

- The overall behavior is similar. Let’s now look at them bin by bin for:

p €[0,5] 6 €][0,m].

In the LAB frame

differentialCrossSectionDEFBOB
diffXsecDEFBOB differentialCrossSectionSTRIGANOV

Entries 40000
Mean x 0.1937
Mean y 1.739
Std Devx 0.1679
Std Devy 0.6697

differentialCrossSectionYING

diffXsecSTRIGANOV
Entries 40000
Mean x 0.2729
Meany 1.189
Std Devx 0.2573
StdDevy 0.5745

diffXsecYING
Entries 40000
Mean x 0.1898
Meany 1.589
Std Dev x 0.2426
Std Dev y 0.867
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Behaviors and first comparisons
| los [sTR__[ViNG |

differentialCrossSectionDEFBOB_cm_real

In the CM frame

diffXsecDEFBOB.
Entries 10000
Mean x -0.1848
Mean y 1.869
Std Dev x 0.3701
StdDevy  0.8563

6_cm [rad]
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Pem/Prnaz

differentialCrossSectionSTRIGANOV_cm

o diffXsecSTRIGANOV_cm
Entries 10000
o — | Meanx 0.4173
Mean y 2.157
StdDevx  0.3457
StdDevy  0.8653 100 |||||||||||||||IHII

Percentage 83.6 %
produced

opposite to initial

proton direction

Backward preference in CM:

|||| ! 0
I ||||||||
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8_cm [rad]

6 18, g

defbob in CM1
diffXsecDEFBOB_cm1

TT HHH[
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Entries 200
Mean -0.1848
Std Dev. 0.3702

This cutoff is artificial, the
Gaussian should continue
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differentialCrossSectionYING_cm

diffXsecYING_cm
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Entries 10000
Mean x 0.2997
Meany 1.798
StdDevx  0.273

StdDevy 0.9924
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Regions of interest

1.  No reason to compare them over all
phase space, there are kinematic limits:

Cumulative number Invariant Cross Section

number119 invX119

ratiol
Entries 16897
Mean x 1.342
Mean y 1.19
Std Devx 0.9348
StdDevy 0.8966
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Example at 119 degrees

2. The probability of an antiproton making an electron = 1075
In the entire experiment we expect 3.6 x 102° protons on
target...

If: 3.6 x 102° « [Probability of making an antiproton] * 107> < 1 reject the event
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Quantitative bin by bin ratio

ratio STRIGANOV/DEFBOB

ratio1
Entries 16897
Mean x 2.452
Meany 1.368
Std Dev x 0.6481
Std Dev y 0.3559
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(“steps” are an artifact of TH2 due to bin size @ not a concern)
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ratio STRIGANOV/DEFBOB

ratiol

\ Entries 16897
Mean x 2.452

Meany 1.368
Std Dev x 0.6481
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Std Dev y 0.3559

ratio YING/DEFBOB

ratio3

Entries 14977
Mean x 1.706
Mean y 0.4225
Std Dev x 0.9326
td Dev y _ 0.2919
0
@

Entries 14977
Mean x 1.579
Mean y 0.4705
Std Dev x 0.9044
Std Dev y 0.3756
0.2 0
2 e
e
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Simulation towards the TS

Every events is required by GEANT to reach the entrance of the Transport
Solenoid (at VD91*)

Number of Initial proton Pbar Pbar theta
simulated momentum momentum generation
protons generation
1.3e8 Peaked around Flat in CM Flat in CM
8.89 GeV/c

Generate Weight them with Normalize to the
unweighted ‘ different cross ‘ number of simulated

distributions section models protons

*Really VD92 with no material between VD91 and 92, 1Imm downstream

8/25/19
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- Oxgec: With respect to the
initial proton direction

- Ouze: With respect to the z
axis in the mu2e frame

Simulation towards the TS

Contributions in the unweighted cos(6) distributions: *

« Target’s 14’ is included

initialPbarCosTheta

L - Entries  1.302951e+08
L Mean —0.9285
= ) Std Dev 0.1108
: | 1 1 1 | 1 | 1 B | 1
5 -1 -0.5 0 0.5 1 15
cos(Oxsec)
Produced Bent by the solenoid
directly toward or scattered back
the TS inside the target
8/25/19

Magnetic field
Scattering

CosThetaMu2e

107

10°

10°

10*

10°

Entries 1.302951e+08
Mean 0.9607
Std Dev 0.1015

L
o]

1.5
cos(Omuze)
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Systematic and statistical uncertainties:

entries

Weighted sum (over different p) in each cos(8) bin: Y = Z o
1=0

@ Statistical errors come from the usual . Managed and added correctly by Sumw2()
Poisson distribution:

Different weights in each bin are o, O
Systematic errors come from the -~ 2 — X O
y tic . > correlated: » Oy = E O, with  Ta; = k.. Ok COVkp, kg,
uncertainties on the fit parameters: o t ) qr VP! q/
Correct form is in the ; d

(2
backup slides and hard l
to implement

It won't give the correct result.
Considering every fluctuation in the
same direction ends with an
overestimation. From the general From
But is easy, fast and gives us a good expression of the the fit
enough estimate! Xsec

~10%
8/25/19 14



Rates per Proton on Target (POT)

Number of interacting protons
in Mu2e =0.78 x 3.6e20
(From docdb 21872)

Events weighted with different cross section, in costheta distribution ‘ Events weighted with different cross section, p < 300 MeV, in costheta distribution

Events E : Events = .
oer POT |- Striganov per POT |~ Striganov
B Ours B
10—12 —
1072 — =
L * Bars are statistical B
Bands are systematic
13 10" —
10 ° — C
L 1 1 1 | 1 1 1 J 1 1 1 | 1 1 1 ‘ 1 1 L 1 | 1 L 1 L =1 1 | 1 1 ‘ 1 1 | 1 1 ‘ 1 1 1 | 1 1 Il
-1.5 -1 -0.5 0 0.5 1 15 -1.5 -1 -0.5 0 0.5 1 15
cos(Omuze) cos(Bmuze)

8/25/19 15



Conclusions and recap

We now have a model to predict the antiproton background

It has a reasonable physical basis in the CM »  Possible extensions
If everything is correct the predicted rate are smaller than the previous one

Uncertainties tell us that:
* the model is distinguishable from the others
* Mu2e needs absorbers strategically located inside the TS to reduce the antiprotons
* This study will give us reliable estimates and the associated uncertainties that we need to design
these absorbers

Next step will be to propagate them inside the TS...
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Thanks for the attention

-Many thanks to Robert Bernstein
for plots and continuous help

-Many thanks to Giorgio Bellettini
for the great opportunity
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Gaussian Model in CM:

if (trivectorMomentum.CosTheta() < 0.) {centerOfMassMomentum = —centerOfMassMomentum;}

cmAdj = TMath::Abs(centerOfMassMomentum/pStarMax + currentValue[2]);

This fits the data with a better chi2 than any other
choice -> there must be something behind it

c™M LAB 15t interpretation: include the Fermi motion
Ip| (random motion):

Ipl ...should average to zero
2" interpretation: a fraction of the initial energy

‘ 2 different is lost in the nucleus before leaving it.

distributions The shift in energy is reasonable assuming
BOOST minimum ionizing at nuclear density to within a
factor of 2
19
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entries

Y = Zai

=0
with

2 8(11 8a1
L Ok Oky

Q

(;‘O'Ukp, k.

q’

I can try now to estimate

0N oy 0.y
o%: a_Ya_YcovkquZ 2 L
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Oa; 0w
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Events weighted with different cross section, in costheta distribution, with total uncertainties

Events weighted with different cross section, p < 300 MeV, in costheta distribution, with total uncertainties
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- Statistical and systematic errors are comparable in

the left region

- Systematic errors dominate in the right region
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