VERIFYING OUR MONTE CARLO

® BY USING DATA FROM THE PAST
Matthew Szydagis, UC Davis

LBNE Wed. Simulations Call 01/16/2013



LET’S REVIEW

dQ/dFE can be thought of as escape probability, or, one

minus the recombination probability. Let’s re-derive
the ICARUS formula used by default in LArSoft. &_ =
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ICARUS adds a normalization factor, but that breaks
the (anti-)correlation between LY, CY. Non-unity
normalization can not be easily justified if looking at a
dimensionless recombination factor (as opposed to raw
charge yield).



HOW TO FIX THAT

Replace ky=k F' -1 with kz= k F P (where p = 0.85,
nearly the same power used for liquid xenon, 0.83)

Allows for preservation of the more fundamental
physical principles (like the anti-correlation)

Second, do not rely solely on Birks’ Law: recall the
Thomas-Imel “box model” of recombination

Mistake: I originally thought Thomas-Imel wasn’t
relevant for our energy regime, or redundant



EXAMPLE FROM XENON

Szydagis et al., NEST: A Comprehensive Model for Scintillation Yield in Liquid Xenon, 2011 JINST 6 P10002; e-Print: arxiv:1106.1613 [physics.ins-det]
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http://dx.doi.org/10.1088/1748-0221/6/10/P10002
http://arxiv.org/abs/1106.1613
http://arxiv.org/abs/1106.1613
http://arxiv.org/abs/1106.1613

SECRET TO SUCCESS

See Christmas-

o -
tree structure of § ‘

s 0 Delta rays
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fudge factors * You also need a short G4 track-length

cut-off, something of order um or nm!!



COMPARISON TO DATA

o o
@ ©o .

o H - 1y "T’T"’T'I"Y'Y‘T‘Y' '_Y'T"'r'lbf'Y’Y”T"T'Y'T“""l"Y'Y*Y'Y"T_Y‘Y"""l“T“Y"."f‘f'r'T‘Y“Y‘l"‘r’Y"l"l"?q

o
~

0.5

0.4

0.3

0.2

o

o

AL

ik
2.

LA
5

5

O

oo ©

@
P o

o4

ICARUS 3 ton

O 0.5kV/cm
® 0.35kV/cm

* 0.2kV/cm

-+ @ O

0.9

0.4

0.5 -

Amoruso et al. 2003

dE/dx (MeV/(g/cm?))

ICARUS, 0.5 kV/cm

o H rH _(;L%%}:M

| ¢ W

* T600 (y-err too small to see)

_ O 3ton
sty
. |0 Working on sims
- out to higher LET

o Following through

'R FUEEE P FETEH AUUR FTRTE FRUR SRT R Uy on Othe T fie 1 dS @

75 10 125 15 175 20 225

25
o Doing muons, e-’s




COMPARISON TO DATA

The low-LET region is better off than it looks

ICARUS Q / Q, number of 0.7 for MIPs may be
too high: corresponds with 30,000 e-’s per MeV.
What happened to ~27,000?

Strange step-down in data at an LET of ~4 — 5.
Undercurrent of lower-charge-yield data points
throughout these results...

NEST can simultaneously match the low and
high LET data well (or at least within the 1-
sigma error bars) because of the two “tricks” from
slide 3. More physical?

LBNE precursors/prototypes will provide more
great data for good model-building



