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LHC Inverse Problem

- Generate blind SUSY data and map it back to
parameters

- Generated 43,026 models within MSSM for 10 fb-!' @ LHC
- For 15 parameters:

Inos : _-qifl. .L'rg. L'r; i
Searks Mg, M o My Mg M. Mg + tan [3
Sleptons : Mg, . Mg . Mi_, May
. . . . 600 GeV 1 TeV
Within the constraints:
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- Used ~1808 LHC MSSM Observables - NO Background!

- Question: Can the models be uniquely determined
from the LHC data?

Arkani-Hamed, Kane, Thaler, Wang,
hep-ph/0512190



LHC Inverse Problem

Main result: 320 pairs of models were
indistinguishable!

- A signature maps back into a number of small islands in
parameter space

Parameter Space Signature Space
. ot :
A

Begs the question: Can the ILC resolve these degeneracies?



Our Analysis

- We start with their ~320 degenerate pairs (383
distinct models)

- Simulate signal events with Pythia, and feed in
appropriate beamspectrum generatied via
Whizard/GuineaPig

- Add SM background (1016 different processes),
produced by Tim

- Pipe through detector simulation: Java-based SiD
simulation, org.lcsim

- Analyze 500 fb-! “data” with 80% P,_ and appropriate
cuts. Several iterations necessary to find best cuts!



Our Analysis I

We are simulating:

- Left- and Right-handed selectrons

- Left- and Right-handed smuons

- Stau, ,

- Lightest Chargino, y*, x° mass splitting > 1 GeV
- Lightest Chargino, y*, x° mass splitting < 1 GeV
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SUSY Spectrum of 383 models

Only 3 models without sparticles @ 0.5-1.0 TeV
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Close Mass Charginos

Discovered Pythia FEATURE: If M,4in0 < Msp after
RGE then Pythia sets M ,rgino = M2 + Migp
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Number of Events

Previous ILC SUSY Studies
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Present study is the first ILC SUSY
study with

- 100’s of SUSY models chosen at random
- Full SM background included



Selectron Analysis Timeline: Mid-November

. Exactly 2 leptons, identified as et~ in the event.
Cuts SM bckgrnd with ZZ — leptons

. E,is <1 GeV between 0.9 < |cos 6] < 0.995
Cuts forward-peaked WW bckgrnd

. E,is < 0.4Vs in the forward hemisphere

Forward hemisphere is defined around thrust axis. SUSY
(SM) has missing E; in both (one) hemisphere

. Min (E anicie 1 sEparticie 2) < 0-4861's IF both particles
in 0.99995 < |cos O] < 1

Eliminates ISR where emitting et~ goes down beampipe

. €COS 6,,., > —-0.96 for the reconstructed e*-~ pair
SUSY pair not back-to-back due to missing E-



E(e+,e-) for selectron analysis —- 80% L vs. R e- polarization, 500 fb/(-1), 0.5 TeV

== SM2gamma R
= SM2gamma L
—— SMW+W- R
= SMW+W-L

oM 2gamma Rk |
Entries : 2053321
Mean : 11.256
Rms: 9.7629

[SM 2gamma L

Entrles : 2053321
Mean : 11.256
Rms: 9.7639

[SM W+W- R

Entries : 1058
Mean : 47.899
Rms: 43989
OutOfRange : 16

ISM WaW- L

Entries : 8944
Msan : 47133
Rms: 43875




B testR.aida
— SMallR.aida
— R-1018.aida

testR.aida
Entries - 2110804
Mear 11.831
Bms : 11.886
OutOfRange : 3183

EMaliR.aida

Entries : 2008E14
Maan 11,632
Rms : 11.574
QutOiRange ; 1705

R-1018.aida

Entrigs : 12280
Mean : 45.923
Ams : 14,8918

QutC{Rangs : 1478

Signal vs Background

mid-November
Model 1018

Left-handed

{ E(e+,e~) ~ selectron analysis, signal + background, e- = -B0% pol., model 1018, 500 f‘l;‘(-ﬂ, 0.5 TeV E

Right-handed

T
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240

T
260

W tesil.aida
— SMallLaida
—L-1018.alda

esil aida

Entries : 2161456
Mean - 13.403
Rms : 17.715
OutDiRange : 3268

[EMaliL aida

Entries : 2151179
Mean : 13.247
Ams : 17.582
OutOiRange : 2068

L—1018.aida

Entries © 10277
Mean : 46.008
Rms - 14,962
OuiQiRangs ;1201

T
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Selectron Analysis Timeline: Mid-December

Cuts 1-5 as above
6. E,. < 0.2Vs for |cos 8] > 0.995 (100 mrad)

Eliminates ISR where emitting et~ goes down beampipe, but
not lumi monitor

7. Pryis > 0.05 s
Reduces yy background

8. M, -5GeV <M,,. <M, + 5 GeV
Reduces ZZ background



Background Summary: mid-December

nnnnnnnn

q_f"rr .
L __I.
_H-i :
1) '&-I ._"I
__=
IZEI—_EH_'—-
|-|:"'-°'“"
S —
j_ﬂ
l—-.l.|l
1]
m= m
SR T
EE S8e
5aef| g2zt

| IEl ll“hﬂiﬂﬁil :_-f"";_ -; I 1 j'

L 1 ﬂ | 1 1 1
I I I [} I I
0 140 160 180 200 22




Background Summary Il: mid-December

Right-handed

E(e+,e-), selectron analysis, SM background - e- = +80% polarization, cm energy = 0.5 TeV E(e+,e-) - selectron analysis, e- = +80% polarization, 500 fbA(-1), 0.5 TeV
6 —old events/2.5 GeV/o00 fbh (-1 ==SHal
10F — new 5 §- gamma -> é- 6= 6+
10°F
1 9= 0+ => 6= o+ laplon-pa
lold ] = o+ JAMMa —> o+ 8- 8+
Entrles: 2098514 1 —-0t->WW
Mean : 11632
Rms: 11.574
OutOfRange : 1705 SMall
Entrles : 185738
oW Mean : 34196
Entrles: 185738 Rms : 37041
S OuOfRange: 220
Rms: 7041
OutOfRange: 220 - gamma -> - 6- &+
Entrles : 7610
lean : 111.02
Rms : 61.388
G- 6+ -> 6- 04 lopton-pal
Entrles : 5117
lean : 26004
Rms : 16943
QutOfftange : 99
o+ Jamma > &+ 6= 64+
Entrles : 151055
Mean : 517
Rms : 15030
-0+ > WW
Entrles : 5355
lean : 83827
I Rms : 53648
o'+ 1 OuOfRange: 41
ottt - o]
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SPS1a Signal & Background: mid-December

Left-handed Right-handed

E(e+,e-) selectron analysis -- SPS1a, e- = -80% polarization, 500 fbA(-1), 0.5 TeV E(e+,e-) selectron -- SPS1a + SM, - = +80% polarization, 500 fbA(-1), 0.5 TeV
= SM-L-SPS1a.akla = SI-R-SPS1a.alda
10°g 0%
] = spsialalda ] == spelaRalda
— Siall_L1aka = SMall_R1.akda
M-L-SPStaakda | 1 SM-R-SPS1a.alda
4 Entries: 41149 . Eniries: 232873
0% Mean: 62447 Mean: 40275
1 Rms: 356473 Rms: 38135
QuiOfRange : 641 OutOfRange : 295
|spstalL.akla lspsiaR.alda
Enfries: 1235 Enfries: 47135
103__ Mean: 65421 Mean: 64229
] Rms: 35495 Rms: 32540
QuidfRange: 70 OutOfRange : 75
Mall_L1.alda SMall_Rt.aka
Eniries: 228793 Eniries: 185738
Mean: 62335 Mean: 34196
Rms: 57108 Rms: 37041
QuiCfRange : 571 QuiOfRange : 220
0
0¥
10 ! 1 f I f I f 1 f I f 1 f I f 1 10 W ; : 1 : I l 1 l : i f l f l
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Selectron Analysis Timeline: Mid-January

Cuts 1-5 as above
6. E,. < 0.2Vs for |cos 8] > 0.995 (100 mrad)

Eliminates ISR where emitting et~ goes down beampipe, but
not lumi monitor

7. Pryis > 0.06 Vs
Reduces yy background

8. M, -5GeV <M,,. <M, + 5 GeV
Reduces ZZ background



Background Summary: mid-January

Right-handed

pTvis - selectron analysis, 0.5 TeV, 500 fb(-1), e-

+80% polarization

E(e+,e-) - selectron analysis, e-

= +80% polarization, 0.5 TeV, 500 fb*(-1)

events/500 fb*(-1)/2.5 GeV

0'g

-1 | | | | | | | | |

== nTuls before cuts
== pTvisold cuts

== pTvls new cuts

nTvls before cuts
Entrles : 5579007
Mean: 10350
Rms: 10.154

PTvis old cuts

Entrles :
Msan:
Rms:

98030
3%.524
.09

Entrles :
Msan:
Rms:

PTvs new cuts

42513
48352
30.898

10 T T T T T T T T T
20 40 60 80 100 120 140 160 180

pl_vis [GeV]

events/500 fhA(-1)/2.5 GeV

10°F

= Flo+,0=) before cuts
== Ela+,0-) old cuts

== E(a+8=) nawcuts

E(e+,6-=) bafore cuts
Entrles: 10578207
Mean : 2m
Rms: 2319
QutCfRange : 6275

E(e+6-) old cuts
Entrles: 186057
Mean : U9
Rms: 6973
OutOfRange: 229

E(e+6-) new cuts

Entrles: 81636

Mean : 48638

104__ Rms:  49.09

] OutOfRange: 139
103‘:
102‘:

w—t Ly
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Signal vs Background SPS1a: mid-January

Right-handed

f E(e+.e-) selectron analysis, SPS1a, e- = +80% polarization, 500 fb*(-1), 0.5 TeV }

10000 = SMallalda
= spslaR.alda-1

= SM-R-SPS1a.alda

EMaII.alda

Entries : 81626
Mean : 48638
Rms: 49.309
OutofRange : 139

1000

IspsiaR.alda-1
Entries : 44594

Msean : 64.588
Rms: 32437
OutofRange : 56
100
[SM-R-SPS1a.alda
Entrles : 126230
Mean : 54273
Rms: 44.746

OutOfRange : 195
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E(e+,e-) }

— SMall-R1.alda

E = Signal vs background,

R-4431.alda

L~ == Harvard models:

1P Mean : 48638
1000 “ Rms: 49.309
L by OutofRange : 139

e e mid _J anuary

T Pl L)

A Mean: 49.763
Rms: 48952
OutOofRange : 145
100
T IR-4431.alda
i Entries : 3270 N B 5
1 Mean: 77839 f E(e+e-) selectron analysis, model 39544, e- = +80% polarization, 500 fb*(-1), 0.5 TeV }
4 Rms: 26.469
QuiOfRange: 6 (-
1 10000 F SMallalda
T = R-39544.alda
10 - + = SM-R1-39544.alda
T EMaII.aIda
- Entrles: 81636
Mean: 48638
1% 1000 Rms: 49300
I QutOfRange : 139
+ — R-39544.lda
T i E(e+,e-) model 27913, e- = +80% polarization, 500 fb*(-1), 0.5 TeV Entries: 5066
F: Mean: 97.045
100007 Rms: 25926
01~ ] OutOfRange: 2
g 100
4 1SM-R1-39544.alda
1 Entrles: 86702
1 Mean: 51466
] Rms: 49573
OutCtRange : 141
10007
] 10
100 1
0.1 t f 1 t i
10T 220 240 260 280 300
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Left—-handed samples: end-January

E(e+,e-) selectron analysis, SPS1a, e- = —80% polarization, 0.5 TeV, 500 fbA(1-)

E(e+.e-) slepton analysis, 500 fb*(-1), 0.5 TeV, e- = +- 80% polarization

10000 7

1000

100 T

= left polarization
= right polarization

eft polarization
Entries: 218421
Mean 80818
Ams : 60176

OutCfRange : 441

Iright polarization

Entries 81636
Mean 48638
Rms : 48309

OutCfRange © 138

== SMall-L1.aida
— spsialaida
— SM-L-SPS1a.aid:

[SMall—L1 aida
Entries : 218421

Mean B80.B819

Rms 60176

OutOfRange : 441
lepsial aida

Entries 12007

Mean 67 957

Rms 25.076

OutCfRange : 29

ISM-L-SPS1a aida

Entries : 231418
Mean 80.097
Ams 59.124
OutOfRange - 470

E(e+,e-) selectron analysis, model 27913, e— = —80% polarization, 500 fb" (1), 0.5 TeV

— SM-L1-27913.aida
— L-27913.aida
— SMall-L1 aida

[BEM-L1-27212 ada

Entries : 219775
Mean B0.814
Rms 50.008
OutCfRange = 441

L-27913.aida

Entries 1358
Mean 790.938
Ams 12.824

ISMall—L1.aida
Entries : 218421
Mean 80.819
Ams : 60,176
OutOffange 441

160

180
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Smuon Analysis |

. Exactly 2 leptons, identified as u*~ in the event.

Cuts SM bckgrnd with ZZ — leptons

vis < 1 GeV between 0.9 < |cos 6] < 0.995
Cuts forward-peaked WW bckgrnd

. E,is < 0.4Vs in the forward hemisphere

Forward hemisphere is defined around thrust axis. SUSY
(SM) has missing E; in both (one) hemisphere
E,. < 0.2Vs for |cos 6] > 0.995 (100 mrad)
Eliminates ISR where emitting e+,- goes down
beampipe, but
not lumi monitor

Pryis > 0.06 Vs
Reduces yy background

M;-5GeV <M, <M;+5GeV
Reduces ZZ background



1.
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Smuon Analysis Il

No electromagnetic energy > 0.01vs in
|lcosO| > 0.995

. 2 muons weighted by charge within polar angle -

0.9 <Q, cos6, <0.75
Cuts WW background

. Acoplanarity angle Ao+ < 160 degrees (= angle

between muon p; cos6; > -0.94)
Cuts WW and yy background (similar to selectron cut)

. [€0SO,missing | < 0.9
. E, > 0.004 Vs
. p* > 0.05Vs

Cuts yy and ey background



Smuon Background Summary

f E(mu+,mu-) smuon analysis — e— = +80% polarization, 0.5 TeV, 500 fbA(-1) }
events/500 fbr(—1)/2.5 GeV = E(mus+,mu-) befors cuts
8 — E(mu+,mu-) old cuts
10 =— E(mus+,mu-) new cuts

E(mu+,mu-) smuon analysis - e- = +80% pal., 0.5 TeV, 500 fb(-1) I 7| E(mu+,mu—) before cuts
10 Entries : 133932084
Mean : 17914
=l Rms: 18.654
6 OutofRange : 29361
- Jamma => e~ MU= MU+ 107 Sy ——
£+ Jamma —> &+ Mu- mu+ Entries : 1816188
5 Mean : 21592
= gamma gamma = mu- mu+ 107 Rms: 15083
OutofRangs : 484
—eer>WW E(mu+,mu-) new cuts
104_ Entrles :
Mean : 24475
aH Rms: 18.258
OutofRange : 246
Entries : 1818167 10°4
Mean 21.608
Ams 15.002 1024
OutOfRange 451
[E- gaMmma -» e~ mu-mu+ 1o
Entries : 237639
Mean ; 2141 &
Rms 13.679 10

[E+Jamma — e+ mu-mu+

== s s : N ,

Entries : 211076 50 100 150 200 280 300 350 400
Mean 22.086 Errnusemu-Y eV
Ams 13.581 1 E(mu+,mu—) smuon analysis, 500 fbA(—1), 0.5 TeV, e— = +— 80% polarization, SM background
jamma gamma - mu- mu+ . Tof polarization
Entries : 1240301 ] =gk poleries ion
Wz syt ] s el
Ams 12.681 Mean:  2z3e0
OutCfRange : 250
-t —>WW Iright polarization
) Entries : 3886 e e
) i T _F Mean 86601 Bl e
. = Ams 56,031
;. QutOfBange - 44
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E(mu+,mu-) smuon analysis, SPS1a - e- = +80% pol., 0.5 TeV, 500 fb"(-1)

= SMallalda
= SM-R-SPS1a.alda

— spsiaRalda-1

[SMallalda

Rms:

18258

Smuon Signal versus
Background

OutOfRangs : 246 i

E(mu+,mu-) E

[SM-R-SPS1a.alda
Entries : 644752
Msan : 25263
Rms: 19.407

OutotRangs : 275

lsps1aR.alda—1

Entrles : 12669
Msan : 64.539
Rms: 31.015

OutofRange: 29

5 — R-4431.alda
—— SMall-F1.akda
SM-R1-4431.alda

R-2321.aKda

Entries : 1086
Mean : 77.952
Rms: 28.027

OutofRange : 22

[SMall-R1.alda
Entries : 632083
Mean ; 24475
Rms: 18258
OutofRange : 246

[SM—-R1-4431.akda

Entries : 633169
Mean : 24567
Rms: 18.413
OCutofRangs : 268

10 } t t t t t t t t t t t t i
20 40 80 80 100 120 140 180 200 220 240 260 280 30C
E(mu+,mu-) smuon analysis, model 39544 - e- = +80% pol., 0.5 TeV, 500 fb*(-1) } } . ) . ) , ) . .
} 1 } 1 : | : |
— SMallalda 140 160 180 200 220 240 260 280 300
= R-39544 alda
EEM-RITaSItaRG ] E(mu+,mu-) smuon analysis, model 27913, e— = +80% polarization, 0.5 TeV, 500 fbr(-1)
lSmalLalda = SMallalda
Entries : 632083 — R-27913.alda
Mean : 24475 — SM-R1-27913.alda
Rms: 18258
OutOfRange : 246 EmalLalda
R-39544 alda Entries 632082
Msan 24475
Entries : 1338 el PRl
Maan : 94946 OutotRangs : 246
gms ¢ Bi.wu R-27913.alda
utofRangs : 8 e 422
[SM-R1-39544.alda Mean : 80656
Entries : 633421 Rms: 13.512
Msan : 24624 [SM-R1-27913.aKda
Rms: 18.575 Entries :
OutOfRangs : 254 nﬁn:sn_: ?;j::
CutofRange : 246
. . . . '
: 2 L ! L t t t t {
220 240 260 280 300 220 240 260 280 300




Stau Analysis |

5.1 Tau ID

We focus on the hadronic decays of taus into pions, 7 — 7v; 7 — pr, — 7*n°y,; T — 3my,, the
latter being a 3-prong jet. In the hadronic decay channel, taus are just identified as jets with a
charged multiplicity of 1 or 3, and with invariant mass less than some maximum value. The tau
selection cuts are as follows [10]:

1. 2 jets with charged multiplicity of 1 (p or 7 or 3m-decay with 27%s) or 3 (3 charged pions)
2. invariant mass of tau-jet < 2 GeV

3. If the jet is 3-prong (charged multiplicity of 3), then none of the charged particles should be
an electron or muon

4. If the jets are 1-prong, then we reject events where both jets are same-flavor leptons, that is,
with an electron-positron- or a muon-pair, but we keep jets for example with an electron and
a muon, or an electron and a pion, whereby a pion is defined as a charged tracked that is not
IDd as an electron or a muon.
T'his means that we allow one of the taus to decay leptonically, but the other one has to decay

hadronically.

So, for practical purposes, the difference between the muon analysis and the tau analysis is that we
compute the cuts below with the jets instead of the reconstructed particles, if the event passes the
above tau ID preselection.



Stau Analysis |l

5.2 Selection Cuts

We implement the cuts proposed by Martyn [10]:

1. No electromagnetic energy > 0.01y/s in | cos 8] > 0.995

2. Two tau candidates as identified above, weighted by their charge within the polar angle
—0.75 < Q,cos b, < 0.75
This cuts out a lot of W-pair-background.

3. tau energy 0.004,/s < E, < 0.05,/s

4. Acoplanarity angle A¢™™ < 160 degrees (= equivalent to the angle between the tau prs,
cos Op > —0.94).
This cuts out a lot of W-pair and ~~-background.

5. |coséb, | < 0.8

missing

6. transverse momentum of ditau system 0.006,/s < p}7 < 0.05./s
This cuts out a lot of the yvy-background.

. Combined cut on 3 p7 ~ and A¢™

i
This is necessary because cuts 5 and 7 are not as efficient in cutting out the ~+ background

as in the smuon analysis above.

Here, Zp‘l,,f is the sum of the tau momenta projected onto the transverse thrust axis 7',
(whereby the transverse thrust axis is just given by the zy-components of the thrust axis).
Also, there is no analytical expression for the 2D cut plotted in fig. 3 of [10], so we approximate
the curve by

S Pz > 0.00125//5(1+5 sinA¢™)

= 0.00125+/s (1 +54/1 — cos? 9;:) : (14)

whereby we scaled the curve appropriately from /s = 400 GeV to a general c.m. energy, and
reexpressed the acoplanarity in terms of the angle between the tau jet prs as explained above.



E(tau+.tau-) — stau analysis — e- = +_80% polarization, 0.5 TeV, 500 fb*(-1)

events/500 fbM—1)/2.5 GeV == E(tau+.tau-) before cuts

< B = E(tau+,tau-)
10T

[Ettau+,tau-) befors cuts
Entrles : 465239453
Msan : 88.929
Rms: 80.971

Eftaus,tau-)

Entrles: 19483219
Mean : 7.5082
Rms: 5.3003

I I
140 160 180
E(tau+ tau-) [GeV]




Chargino Analysis

4.1 m; < Amy <1 GeV

We tag on a high-pr photon, produced by our signal either off the initial state electron-positron
pair, or radiated off on of the charginos. We demand, following [2, 4]:

1. Exactly one photon with pr > 0.035,/s and no other charged tracks within 25 degrees
This isolation cut removes a lot of the two-~v background

2. 1 < number of charged tracks < 11
This removes high-multiplicity events.

3' Evi:, other particles = E’}-‘ < 035 \/E
Another preselection cut to remove a lot of the two-y background

. _v' . = . "3
4. ratio of total visible transverse momentum to transverse energy —P—ET Lol : > 04
vis,particles

and
. rim
ratio of total transverse momentum to total momentum p—P—T“ \ > 0.2
tot vis, particles

This removes most of the hadronic two-y processes and two-fermion processes.

5. Moo = v/5/(1 — 2B, /+/5) > 160 GeV
This is the recoil mass of the tagged photon, which should be at least twice the chargino mass.
The limit of 160 GeV comes from EWP exclusion measurements.

We then histogram

M, = \/E\/ (1 2] \/g) . (12)



4.2 Amy<m,

As mentioned above, in this case the chargino decays into an electron, a neutrino, and an LSP.
The electron and positron pair p'r.'oduce two nearly back-to-back stable, massive tracks that pass
through the entire detector. We demand:

1. 2 massive, charged tracks only

2. £ < 0.95 for both
This kills any potential muon background. There should not be any background left (aside
from detector fakes).

We then histogram % for both tracks.




Chargino Backgrounds (Awaiting Signal)

Close mass Separated Mass

M(chi+,chi-) close-mass chargino analysis, 500 fbA(-1), 0.5 TeV, e~ = +- 80% polarization, SM background i i E(jetpair)-chargino
10000 T = left polarization .

— right polarization events/500 fbA(-1)/2.5 GeV = new cuts

s = old cuts
left polarization 1000 ]
Entries : 61711 1

Mean: 4237.50 ] Fow uts
Rme:, BU63 1 Entries: 4138
rightI [‘mlarizsal;igo:wi1 ] Mean: 17861
ntries .
Mean: 451.24 ] Fimyt 2110
LRms @ 44214 | lold cuts

Entrles: 18112

100T Mean : 16326

] Rms: 48474
1000 T 1

10T
100 T 1
13
01 t = f f f f f {
- ) ) , ) 0 50 100 150 200 250 300 350 400
t } t {
0 50 100 550 600 E(jetpair) [GeV]




One Last Thing (selectron analysis):

"cards", which have the tollowing relevant switches (along with a ton of
other stuff which I didn’t mess around with, aside from polarization and
cm energy), which are by default

bremsstr_eminus = 1.8
bremsstr_eplus = 1.8
beamstr_eminus 1.8
beamstr_eplus 1.8

So, I turned off ( i.e. = B.0) bremsstr or beamstr. And at 1fb*(-1) got
B events that pass the cuts for
bremsstr = 0.0

beamstr = 1.9
Mavybe a few would sneak thrcugh the cuts for the full S8 fb~(-1).
However, there are muon pairs in the event, they just don’t pass the cuts.

and 354 events at 1 fb*(-1) that pass the cuts for

bremsstr = 1.8

beamstr = 0.0

Makes roughly 1.8 19045 events at S8 fb*(-1). Which is in the plot

Emumu_nobeam danZB

} E(mu+,mu-) from gamma gamma —> mu+ mu—, 0.5 TeV, e— = +80% pol., 500 fb"(-1)

—— beam-— + bremsstrahlung
107 ¢ —— bremsstrahlung enly

beam— + bremsstrahlung
Entries: 431696
Mean : 22796
Rms: 13740

bremsstrahlung only

Entries: 174500

Mean : 22675
Rms : 13.601
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