

    
      
          
            
  
Welcome to wfsim’s documentation!

Github page: https://github.com/XENONnT/WFSim

WFSim is the wavefrom simulation framework for XENONnT, built on top of the straxen framework [https://github.com/XENONnT/straxen].


Installation

See the installation guide [https://wfsim.readthedocs.io/en/latest/intro.html]
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Installing wfsim


	To get started for simulating XENONnT please follow the straxen setup guide [https://straxen.readthedocs.io/en/latest/setup.html]. Simulating XENON1T works out of the box.


	On top of straxen, install wfsim:




pip install wfsim







Developer setup


	To get started for simulating XENONnT please follow the straxen setup guide [https://straxen.readthedocs.io/en/latest/setup.html].


	Install wfsim in editable mode from source:




git clone https://github.com/XENONnT/WFSim wfsim
pip install -e wfsim








            

          

      

      

    

  

    
      
          
            
  
Getting started with WFSim

Hello friend. Welcome to the basic tutorial on how to simulate waveforms with the latest wfsim version in strax. Here we’ll just demonstrate the basic functionality. For more in depth analysis stuff, checkout the straxen tutorials for more detailed thing.


[1]:





import numpy as np
import strax
import straxen
import wfsim

import matplotlib.pyplot as plt
from matplotlib.colors import LogNorm
from multihist import Histdd, Hist1d
from scipy import stats

import json













*** Detector definition message ***
You are currently using the default XENON10 template detector.








[79]:





straxen.print_versions(modules=('strax', 'straxen', 'cutax', 'wfsim', 'ntauxfiles'))













ntauxfiles is not installed







[79]:
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Understanding Waveform Simulation for XENONnT
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[1]:





import strax, straxen, wfsim
import numpy as np
import pandas as pd













*** Detector definition message ***
You are currently using the default XENON10 template detector.








[2]:





straxen.print_versions(modules=('strax', 'straxen', 'cutax', 'wfsim', 'ntauxfiles'))








[2]:
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[1]:





import strax, straxen, wfsim
import numpy as np
from scipy.interpolate import interp1d
import matplotlib.pyplot as plt








[2]:





config = straxen.get_resource('https://raw.githubusercontent.com/XENONnT/'
                 'strax_auxiliary_files/master/fax_files/fax_config_nt.json', fmt='json')
config.update({'detector':'XENONnT'})








Part 2, Pulse (parent class)

The simulated pulses are formed using single-photon hits. Each hit has assigned time, channel, and gain using a common single photo-electron (SPE) shape.

SPE Shape is extracted from data and saved into a single template, with two entries in the config pe_pulse_ts and pe_pulse_ys.


[3]:





def init_pmt_current_templates():
    """
    Create spe templates, for 10ns sample duration and 1ns rounding we have:
    _pmt_current_templates[i] : photon timing fall between [10*m+i, 10*m+i+1)
    (i, m are integers)
    """
    global pe_pulse_function, _pmt_current_templates

    # Interpolate on cdf ensures that each spe pulse would sum up to 1 pe*sample duration^-1
    pe_pulse_function = interp1d(
        config.get('pe_pulse_ts'),
        np.cumsum(config.get('pe_pulse_ys')),
        bounds_error=False, fill_value=(0, 1))

    # Samples are always multiples of sample_duration
    sample_duration = config.get('sample_duration', 10)
    samples_before = config.get('samples_before_pulse_center', 2)
    samples_after = config.get('samples_after_pulse_center', 20)
    pmt_pulse_time_rounding = config.get('pmt_pulse_time_rounding', 1.0)

    # Let's fix this, so everything can be turned into int
    assert pmt_pulse_time_rounding == 1

    samples = np.linspace(-samples_before * sample_duration,
                          + samples_after * sample_duration,
                          1 + samples_before + samples_after)
    _template_length = np.int(len(samples) - 1)

    templates = []
    for r in np.arange(0, sample_duration, pmt_pulse_time_rounding):
        pmt_current = np.diff(pe_pulse_function(samples - r)) / sample_duration  # pe / 10 ns
        # Normalize here to counter tiny rounding error from interpolation
        pmt_current *= (1 / sample_duration) / np.sum(pmt_current)  # pe / 10 ns
        templates.append(pmt_current)
    _pmt_current_templates = np.array(templates)

init_pmt_current_templates()








[4]:





fig, axes = plt.subplots(2, 5, figsize=(20, 10))
for i, temp in enumerate(_pmt_current_templates):
    plt.sca(axes[i//5, i%5])

    # Pluse shape taken from config with 1 ns resolution
    plt.plot(np.array(config.get('pe_pulse_ts')) + i, config.get('pe_pulse_ys'), alpha=0.5, color='b', lw=3.0, label='model')
    # Caching 10 pulse shape templates with 10 ns resolution
    plt.step(np.arange(22) * 10 - 10, temp, alpha=1, lw=3.0, color='k', where='mid', label='pulse')

    plt.legend()
    plt.title('peak time +%d ns'%(i))
    plt.xlabel('ns')
    plt.ylabel('PE/10ns')

plt.tight_layout()
plt.show()












[image: ../_images/tutorials_Understanding_WFSim_P2_6_0.png]





SPE gain mean and spread

While pax save gains in the config, strax uses the function get_to_pe. We are a bit careless here and hard code the conversion here to reintroduce gains into config


[5]:





to_pe = straxen.get_to_pe(1, ('to_pe_per_run', 'https://raw.githubusercontent.com/XENONnT/'
                 'strax_auxiliary_files/master/fax_files/to_pe_nt.npy'),
    len(config['channels_in_detector']['tpc']))
config['gains'] = 1 / to_pe * (1e-8 * 2.25 / 2**14) / (1.6e-19 * 10 * 50)
config['gains'][to_pe==0] = 0













/opt/XENONnT/anaconda/envs/XENONnT_development/lib/python3.6/site-packages/ipykernel_launcher.py:3: DeprecationWarning: to_pe_per_run will be replaced by CorrectionsManagementSevices
  This is separate from the ipykernel package so we can avoid doing imports until
/opt/XENONnT/anaconda/envs/XENONnT_development/lib/python3.6/site-packages/ipykernel_launcher.py:4: RuntimeWarning: divide by zero encountered in true_divide
  after removing the cwd from sys.path.







[6]:





photon_area_distribution = straxen.get_resource('https://raw.githubusercontent.com/XENONnT/'
                 'strax_auxiliary_files/master/fax_files/XENONnT_spe_distributions.csv', fmt='csv')

def init_spe_scaling_factor_distributions():
    global grid_cdf, spe_shapes, __uniform_to_pe_arr
    # Extract the spe pdf from a csv file into a pandas dataframe
    spe_shapes = photon_area_distribution

    # Create a converter array from uniform random numbers to SPE gains (one interpolator per channel)
    # Scale the distributions so that they have an SPE mean of 1 and then calculate the cdf
    uniform_to_pe_arr = []
    for ch in spe_shapes.columns[1:]:  # skip the first element which is the 'charge' header
        if spe_shapes[ch].sum() > 0:
            mean_spe = (spe_shapes['charge'].values * spe_shapes[ch]).sum() / spe_shapes[ch].sum()
            scaled_bins = spe_shapes['charge'].values / mean_spe
            cdf = np.cumsum(spe_shapes[ch]) / np.sum(spe_shapes[ch])
        else:
            # if sum is 0, just make some dummy axes to pass to interpolator
            cdf = np.linspace(0, 1, 10)
            scaled_bins = np.zeros_like(cdf)

        grid_cdf = np.linspace(0, 1, 2001)
        grid_scale = interp1d(cdf, scaled_bins,
            bounds_error=False,
            fill_value=(scaled_bins[0], scaled_bins[-1]))(grid_cdf)

        uniform_to_pe_arr.append(grid_scale)

    if len(uniform_to_pe_arr):
        __uniform_to_pe_arr = np.stack(uniform_to_pe_arr)

def uniform_to_pe_arr(p, channel=0):
    indices = (p * 2000).astype(int)
    return __uniform_to_pe_arr[channel, indices]

init_spe_scaling_factor_distributions()








[7]:





fig, axes = plt.subplots(1, 2, figsize=(8, 5))


plt.sca(axes[0])
ch = '0'
mean_spe = (spe_shapes['charge'].values * spe_shapes[ch]).sum() / spe_shapes[ch].sum()
scaled_bins = spe_shapes['charge'].values / mean_spe
cdf = np.cumsum(spe_shapes[ch]) / np.sum(spe_shapes[ch])

channel = int(ch)
l1, = plt.plot(scaled_bins, spe_shapes[ch], alpha=0.5, color='b', lw=3.0, label=r'pdf $f(x)$')
plt.xlabel('Gain scaling factor')
plt.ylabel('pdf')

axt = plt.twinx()
l2, = plt.plot(scaled_bins, cdf, alpha=1.0, color='k', lw=3.0, label=r'cdf $F(x)=\int_{-\infty}^{x}f(t)dt$')
#plt.plot(__uniform_to_pe_arr[channel], grid_cdf, alpha=0.5, color='k', lw=3.0, ls='--')
plt.ylabel('cdf')
plt.title('input spe spectrum')
plt.legend(handles=[l1, l2], loc='center right')


plt.sca(axes[1])
plt.plot(cdf, scaled_bins, alpha=1.0, color='k', lw=3.0, label=r'ppf $F^{-1}(x)$')
#plt.plot(grid_cdf, __uniform_to_pe_arr[channel], alpha=0.5, color='k', lw=3.0, ls='--', )
plt.xlabel('cdf')
plt.ylabel('Gain scaling factor')
plt.title('inverse transform sampling')
plt.legend(loc='center left')

plt.tight_layout()
plt.show()












[image: ../_images/tutorials_Understanding_WFSim_P2_10_0.png]




The spe (gain scaling factor) pdf are saved on github, show in blue and coverted into ppf for the inverse transform sampling. So that we can map randomly genarated number between 0 and 1 to the scaling factor.



Add Current


[ ]:





def add_current(photon_timings,
                photon_gains,
                pulse_left,
                dt,
                pmt_current_templates,
                pulse_current):
    #         """
    #         Simulate single channel waveform given the photon timings
    #         photon_timing         - dim-1 integer array of photon timings in unit of ns
    #         photon_gain           - dim-1 float array of ph. 2 el. gain individual photons
    #         pulse_left            - left of the pulse in unit of 10 ns
    #         dt                    - mostly it is 10 ns
    #         pmt_current_templates - list of spe templates of different reminders
    #         pulse_current         - waveform
    #         """
    if not len(photon_timings):
        return

    template_length = len(pmt_current_templates[0])
    i_photons = np.argsort(photon_timings)
    # Convert photon_timings to int outside this function
    # photon_timings = photon_timings // 1

    gain_total = 0
    tmp_photon_timing = photon_timings[i_photons[0]]
    for i in i_photons:
        if photon_timings[i] > tmp_photon_timing:
            start = int(tmp_photon_timing // dt) - pulse_left
            reminder = int(tmp_photon_timing % dt)
            pulse_current[start:start + template_length] += \
                pmt_current_templates[reminder] * gain_total

            gain_total = photon_gains[i]
            tmp_photon_timing = photon_timings[i]
        else:
            gain_total += photon_gains[i]
    else:
        start = int(tmp_photon_timing // dt) - pulse_left
        reminder = int(tmp_photon_timing % dt)
        pulse_current[start:start + template_length] += \
            pmt_current_templates[reminder] * gain_total










Pulse Class Call Workflow

[image: ba7e4438b02c49aa85bdef44096a19c1]


[ ]:





def clear_pulse_cache():
    global _pulses
    _pulses = []

__dict__ = {}

def call():
    """
    PMTs' response to incident photons
    Use _photon_timings, _photon_channels to build pulses
    """
    global _photon_timings, _photon_channels, turned_off_pmts

    # The pulse cache should be immediately transfered after call this function
    clear_pulse_cache()

    # Correct for PMT Transition Time Spread (skip for pmt afterpulses)
    _photon_timings += np.random.normal(config['pmt_transit_time_mean'],
                                        config['pmt_transit_time_spread'],
                                        len(_photon_timings))

    dt = config.get('sample_duration', 10) # Getting dt from the lib just once
    _n_double_pe = _n_double_pe_bot = 0 # For truth aft output

    counts_start = 0 # Secondary loop index for assigning channel
    for channel, counts in zip(*np.unique(_photon_channels, return_counts=True)):

        #TODO: This is temporary continue to avoid out-of-range error.
        # It should be added a proper method for nVeto PMTs also.
        if channel >= 2000:
            continue
        # Use 'counts' amount of photon for this channel
        _channel_photon_timings = _photon_timings[counts_start:counts_start+counts]
        counts_start += counts
        if channel in turned_off_pmts: continue

        # If gain of each photon is not specifically assigned
        # Sample from spe scaling factor distribution and to individual gain
        # In contrast to pmt afterpulse that should have gain determined before this step
        if '_photon_gains' not in __dict__:
            if config['detector'] == 'XENON1T':
                _channel_photon_gains = config['gains'][channel] \
                * uniform_to_pe_arr(np.random.random(len(_channel_photon_timings)), channel)

            else:
                _channel_photon_gains = config['gains'][channel] \
                * uniform_to_pe_arr(np.random.random(len(_channel_photon_timings)))

            # Add some double photoelectron emission by adding another sampled gain
            n_double_pe = np.random.binomial(len(_channel_photon_timings),
                                             p=config['p_double_pe_emision'])
            _n_double_pe += n_double_pe
            if channel in config['channels_bottom']:
                _n_double_pe_bot += n_double_pe

            #_dpe_index = np.random.randint(len(_channel_photon_timings),
            #                               size=n_double_pe)
            if config['detector'] == 'XENON1T':
                _channel_photon_gains[:n_double_pe] += config['gains'][channel] \
                * uniform_to_pe_arr(np.random.random(n_double_pe), channel)
            else:
                _channel_photon_gains[:n_double_pe] += config['gains'][channel] \
                * uniform_to_pe_arr(np.random.random(n_double_pe))
        else:
            _channel_photon_gains = np.array(_photon_gains[_photon_channels == channel])

        # Build a simulated waveform, length depends on min and max of photon timings
        min_timing, max_timing = np.min(
            _channel_photon_timings), np.max(_channel_photon_timings)
        pulse_left = int(min_timing // dt) - int(config['samples_to_store_before'])
        pulse_right = int(max_timing // dt) + int(config['samples_to_store_after'])
        pulse_current = np.zeros(pulse_right - pulse_left + 1)

        add_current(_channel_photon_timings.astype(int),
                    _channel_photon_gains,
                    pulse_left,
                    dt,
                    _pmt_current_templates,
                    pulse_current)

        # For single event, data of pulse level is small enough to store in dataframe
        _pulses.append(dict(
            photons  = len(_channel_photon_timings),
            channel  = channel,
            left     = pulse_left,
            right    = pulse_right,
            duration = pulse_right - pulse_left + 1,
            current  = pulse_current,))








[ ]:
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Advanced Tricks

So you’ve tried making normal waveforms and now you need to spice up your life by making some way more weird waveforms letting the detector be whatever you want it to be? You have come to the right place!

By default fax uses some configuration file which is a huge pain to modify. So we made fax such that if you add a parameter in the instruction which corresponds to a parameter in the config it will overwrite what the value was in the config and let you deside what it should be!

This example shows how to modify the electron lifetime and the anode voltage


[1]:





import numpy as np
import strax
import straxen
import wfsim

import matplotlib.pyplot as plt
from matplotlib.colors import LogNorm
from multihist import Histdd, Hist1d
from scipy import stats








[2]:





st = strax.Context(
    config=dict(
        detector='XENON1T',
        fax_config='https://raw.githubusercontent.com/XENONnT/'
                   'strax_auxiliary_files/master/sim_files/fax_config_1t.json',
        fax_config_override={'field_distortion_on':True, 's2_luminescence_model':'simple'},
        **straxen.contexts.xnt_common_config),
    **straxen.contexts.common_opts)
st.register(wfsim.RawRecordsFromFax1T)








[2]:







wfsim.strax_interface.RawRecordsFromFax1T







[3]:





# Just some id from post-SR1, so the corrections work
run_id = '000001'








[4]:





strax.Mailbox.DEFAULT_TIMEOUT=10000








[5]:





dtype = wfsim.strax_interface.instruction_dtype

for new_dtype in [('electron_lifetime_liquid', np.int32),
                  ('anode_voltage', np.int32)]:
    if new_dtype not in dtype:
        dtype.append(new_dtype)

def rand_instructions(c):
    n = c['nevents'] = c['event_rate'] * c['chunk_size'] * c['nchunk']
    c['total_time'] = c['chunk_size'] * c['nchunk']

    instructions = np.zeros(2 * n, dtype=dtype)
    uniform_times = c['total_time'] * (np.arange(n) + 0.5) / n
    instructions['time'] = np.repeat(uniform_times, 2) * int(1e9)
    instructions['event_number'] = np.digitize(instructions['time'],
         1e9 * np.arange(c['nchunk']) * c['chunk_size']) - 1
    instructions['type'] = np.tile([1, 2], n)
    instructions['recoil'] = ['er' for i in range(n * 2)]

    r = np.sqrt(np.random.uniform(0, 2500, n))
    t = np.random.uniform(-np.pi, np.pi, n)
    instructions['x'] = np.repeat(r * np.cos(t), 2)
    instructions['y'] = np.repeat(r * np.sin(t), 2)
    instructions['z'] = np.repeat(np.random.uniform(-100, 0, n), 2)

    nphotons = np.random.uniform(2000, 2050, n)
    nelectrons = 10 ** (np.random.uniform(1, 4, n))
    instructions['amp'] = np.vstack([nphotons, nelectrons]).T.flatten().astype(int)
    instructions['electron_lifetime_liquid'] = np.repeat(600e10,len(instructions))
    instructions['anode_voltage'] = np.repeat(1e10,len(instructions))
    return instructions

wfsim.strax_interface.rand_instructions = rand_instructions
wfsim.strax_interface.instruction_dtype = dtype








[6]:





st.set_config(dict(fax_file=None))
st.set_config(dict(nchunk=1, event_rate=1, chunk_size=100))








[10]:





# Remove any previously simulated data, if such exists
# !rm -r strax_data

records = st.get_array(run_id,'raw_records', progress_bar=False)
peaks = st.get_array(run_id, ['peak_basics'], progress_bar=False)
data = st.get_df(run_id, 'event_info', progress_bar=False)
truth = st.get_df(run_id, 'truth', progress_bar=False)








[11]:





truth.head()








[11]:
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wfsim package


Submodules



wfsim.load_resource module


	
class wfsim.load_resource.DummyMap(const, shape=())

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Return constant results
the length match the length of input
but from the second dimensions the shape is user defined input


	
reduce_last_dim()

	








	
class wfsim.load_resource.Resource(config=None)

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	Get the configs needed for running WFSim. Configs can be obtained in
	two ways:
1. Get it directly from the mongo database. This only needs the


name of the file.





	
	Load it with straxen get_resource, this can either:
	Download from a public repository
Read from local cache
Download from a private repository if credentials 
are properly setup














	
static config_to_file(config)

	Find and complete all file paths

returns dictionary mapping item name to path






	
static get_file_path(base, fname)

	Find the full path to the resource file
Try 4 methods in the following order
1. The base is not url, return base + name
2. If ntauxfiles (straxauxfiles) is installed, return will be package dir + name


pip install won’t work, try python setup.py in the packages





	Download the latest version using straxen mongo downloader from database,
return the cached file path + md5


	Download using straxen get_resource from the url (github raw)
simply return base + name


Be careful with the forth options, straxen creates
cache files that might not be updated with the latest github commit.

















	
wfsim.load_resource.load_config(config)

	Create a Resource instance from the configuration

Uses a cache to avoid re-creating instances from the same config






	
wfsim.load_resource.make_patternmap(map_file, fmt=None, method='WeightedNearestNeighbors', pmt_mask=None)

	This is special interpretation of the of previous make_map(), but designed
for pattern map loading with provided PMT mask. This way simplifies both S1 and S2
cases







wfsim.pax_interface module


	
class wfsim.pax_interface.PaxEventSimulator(config=None)

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Simulate wf from instruction and stored in wfsim.pax_datastructure.datastructure.Event
mimicing pax.datastructure.Event
Then pickled, compressed and saved mimicing pax raw data zips.

Call compute to start the simulation process.


	
class WriteZipped(config)

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
close_current_file()

	Closes the currently open file, if there is one. Also handles temporary file renaming.






	
file_extension = 'zip'

	




	
open_new_file(first_event_number)

	Opens a new file, closing any old open ones






	
write_event(event_proxy)

	Write one more event to the folder, opening/closing files as needed










	
class WriteZippedEncoder(config)

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
static make_event_proxy(event, data, block_id=None)

	




	
transfer_event(event)

	








	
compute()

	








	
class wfsim.pax_interface.PaxEvents(config)

	Bases: object [https://docs.python.org/3/library/functions.html#object]







wfsim.strax_interface module


	
class wfsim.strax_interface.ChunkRawRecords(config, rawdata_generator=<class 'wfsim.core.rawdata.RawData'>, **kwargs)

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
final_results()

	




	
source_finished()

	








	
class wfsim.strax_interface.RawRecordsFromFax1T

	Bases: RawRecordsFromFaxNT


	
provides: tuple [https://docs.python.org/3/library/stdtypes.html#tuple] = ('raw_records', 'truth')

	








	
class wfsim.strax_interface.RawRecordsFromFaxNT

	Bases: SimulatorPlugin


	
check_instructions()

	




	
compute()

	




	
data_kind: Union [https://docs.python.org/3/library/typing.html#typing.Union][str [https://docs.python.org/3/library/stdtypes.html#str], immutabledict, dict [https://docs.python.org/3/library/stdtypes.html#dict]] = immutabledict({'raw_records': 'raw_records', 'raw_records_he': 'raw_records_he', 'raw_records_aqmon': 'raw_records_aqmon', 'truth': 'truth'})

	




	
get_instructions()

	




	
infer_dtype()

	Return dtype of computed data; used only if no dtype attribute defined.






	
provides: tuple [https://docs.python.org/3/library/stdtypes.html#tuple] = ('raw_records', 'raw_records_he', 'raw_records_aqmon', 'truth')

	








	
class wfsim.strax_interface.RawRecordsFromFaxOpticalNT

	Bases: RawRecordsFromFaxNT


	
get_instructions()

	








	
class wfsim.strax_interface.RawRecordsFromFaxnVeto

	Bases: RawRecordsFromMcChain


	
data_kind: Union [https://docs.python.org/3/library/typing.html#typing.Union][str [https://docs.python.org/3/library/stdtypes.html#str], immutabledict, dict [https://docs.python.org/3/library/stdtypes.html#dict]] = immutabledict({'raw_records_nv': 'raw_records_nv', 'truth_nv': 'truth_nv'})

	




	
provides: tuple [https://docs.python.org/3/library/stdtypes.html#tuple] = ('raw_records_nv', 'truth_nv')

	








	
class wfsim.strax_interface.RawRecordsFromMcChain

	Bases: SimulatorPlugin


	
check_instructions()

	




	
compute()

	




	
data_kind: Union [https://docs.python.org/3/library/typing.html#typing.Union][str [https://docs.python.org/3/library/stdtypes.html#str], immutabledict, dict [https://docs.python.org/3/library/stdtypes.html#dict]] = immutabledict({'raw_records': 'raw_records', 'raw_records_he': 'raw_records_he', 'raw_records_aqmon': 'raw_records_aqmon', 'raw_records_nv': 'raw_records_nv', 'truth': 'truth', 'truth_nv': 'truth_nv'})

	




	
gain_model_nv

	Dispatch on URL protocol.

unrecognized protocol returns identity inspired by dasks Dispatch and fsspec fs protocols.






	
get_instructions()

	Run epix and save instructions as self.instructions_epix
epix_config with all the epix run arguments is passed as a dictionary, where
source_rate must be set to 0 (epix default), since time handling is done outside epix.

epix needs to be imported in here to avoid circle imports






	
infer_dtype()

	Return dtype of computed data; used only if no dtype attribute defined.






	
provides: tuple [https://docs.python.org/3/library/stdtypes.html#tuple] = ('raw_records', 'raw_records_he', 'raw_records_aqmon', 'raw_records_nv', 'truth', 'truth_nv')

	




	
set_config()

	




	
set_timing()

	Set timing information in such a way to synchronize instructions for the TPC and nVeto






	
source_finished()

	Return whether all instructions has been used.






	
takes_config = immutabledict({'gain_model_mc': <straxen.url_config.URLConfig object>, 'detector': <strax.config.Option object>, 'event_rate': <strax.config.Option object>, 'chunk_size': <strax.config.Option object>, 'n_chunk': <strax.config.Option object>, 'per_pmt_truth': <strax.config.Option object>, 'fax_file': <strax.config.Option object>, 'fax_config': <strax.config.Option object>, 'fax_config_override': <strax.config.Option object>, 'fax_config_override_from_cmt': <strax.config.Option object>, 'channel_map': <strax.config.Option object>, 'n_tpc_pmts': <strax.config.Option object>, 'n_top_pmts': <strax.config.Option object>, 'right_raw_extension': <strax.config.Option object>, 'seed': <strax.config.Option object>, 'gain_model_nv': <straxen.url_config.URLConfig object>, 'epix_config': <strax.config.Option object>, 'entry_start': <strax.config.Option object>, 'entry_stop': <strax.config.Option object>, 'fax_config_nveto': <strax.config.Option object>, 'fax_config_override_nveto': <strax.config.Option object>, 'targets': <strax.config.Option object>})

	








	
class wfsim.strax_interface.RawRecordsFromMcChain1T

	Bases: RawRecordsFromMcChain


	
data_kind: Union [https://docs.python.org/3/library/typing.html#typing.Union][str [https://docs.python.org/3/library/stdtypes.html#str], immutabledict, dict [https://docs.python.org/3/library/stdtypes.html#dict]] = immutabledict({'raw_records': 'raw_records', 'truth': 'truth'})

	




	
provides: tuple [https://docs.python.org/3/library/stdtypes.html#tuple] = ('raw_records', 'truth')

	








	
wfsim.strax_interface.extra_truth_dtype_per_pmt(n_pmt: bool [https://docs.python.org/3/library/functions.html#bool] | int [https://docs.python.org/3/library/functions.html#int]) → List [https://docs.python.org/3/library/typing.html#typing.List][tuple [https://docs.python.org/3/library/stdtypes.html#tuple]]

	Generate the extra - truth dtype output

Return total/bottom seperation from truth_extra_dtype if n_pmt is False


	Parameters:

	n_pmt – Number of PMTs, when false (no PMTs, use total/bottom separation)



	Returns:

	dtype list










	
wfsim.strax_interface.read_optical(config)

	Function will be executed when wfsim in run in optical mode. This function expects c[‘fax_file’] 
to be a root file from optical mc
:params config: wfsim configuration dict







wfsim.units module

Define unit system for pax (i.e., seconds, etc.)
This sets up variables for the various unit abbreviations, ensuring we always
have a ‘consistent’ unit system.  There are almost no cases that you should
change this without talking with a maintainer.



wfsim.utils module


	
wfsim.utils.find_intervals_below_threshold(w, threshold, holdoff, result_buffer)

	Fills result_buffer with l, r bounds of intervals in w < threshold.
:param w: Waveform to do hitfinding in
:param threshold: Threshold for including an interval
:param holdoff: Holdoff number of samples after the pulse return back down to threshold
:param result_buffer: numpy N*2 array of ints, will be filled by function.


if more than N intervals are found, none past the first N will be processed.




:returns : number of intervals processed
Boundary indices are inclusive, i.e. the right boundary is the last index which was < threshold






	
wfsim.utils.optical_adjustment(instructions, timings, channels)

	Helper function to process optical instructions so that for each entry
1) Move the instruction timing to the first photon in the entry and move photon timings
2) Split photon timing into maximum interval of PULSE_MAX_DURATION default 1us


The split photon are put into new instruction append at the end of the instructions
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