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The problem

model space is really, really big
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The solution: Look everywhere
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Vista correction factors
(global fit)

Bruce Knuteson T

CDF Run II (927 pb!)

Category Explanation Value Error Error(%)
luminosity CDF integrated luminosity 927.1 20 2.2
k-factor cosmic_ph 0.686 0.05 7.3
k-factor COSMIC_] 0.4464 0.014 3.1
k-factor 1¥1j photon4jet(s) 0.9492 0.04 4.2
k-factor 142 1.205 0.05 4.1
k-factor 1~3) 1.483 0.07 4.7
k-factor 1v4j+ 1.968 0.16 8.1
k-factor 2~0j diphoton(+jets) 1.809 0.08 4.4
k-factor 2v1j 3.417 0.24 7.0
k-factor 24274 1.305 0.16 12.3
k-factor WO0j W (4jets) 1.453 0.027 1.9
k-factor W1j 1.059 0.03 2.8
k-factor W2j 1.021 0.03 2.9
k-factor W3+ 0.7582 0.05 6.6
k-factor Z0j Z (4+jets) 1.419 0.024 1.7
k-factor Z1j 1.177 0.04 3.4
k-factor 42+ 1.035 0.05 4.8
k-factor 2] pT <150 dijet 0.9599 0.022 2.3
k-factor 2] 150<p 1.256 0.028 2.2
k-factor 3) P17 <150 multijet 0.9206 0.021 2.3
k-factor 3j 150<p 1.36 0.032 2.4
k-factor 4] pT <150 0.9893 0.025 2.5
k-factor 4j 150< p 1.705 0.04 2.3
k-factor 5]+ low 1.252 0.05 4.0
misld p(e—e) central 0.9864 0.006 0.6
misld p(e—e) plug 0.9334 0.009 1.0
misId p(p—pu) CMUP 0.8451 0.008 0.9
misld p(p—p) CMX 0.915 0.011 1.2
misld p(y—~) central 0.9738 0.018 1.8
misld p(y—v) plug 0.9131 0.018 2.0
misld p(b—b) central 0.9969 0.04 4.0
misld p(e—~) plug 0.04452 0.012 27.0
misId p(g—e) central 9.71x10~3 1.9x107% 2.0
misId p(g—e) plug 0.0008761 1.8x1075% 2.1
misld plg—u) 1.157x10~%  2.7x10°7 2.3
misld p(j—b) 25<py 0.01684 0.00027 1.6
misId p(q—7) 15<py <60 0.003414 0.00012 3.5
misId p(g—7) 60<py <200 0.000381 4%x10° 10.5
misld p(q—~) central 0.0002651 1.6x107% 5.7
misld plg—~) plug 0.001591 0.00013 8.2
trigger p(e—trig) central, pp>25 0.9758 0.007 0.7
trigger p(e—trig) plug, pr>25 0.835 0.015 1.8
trigger p(pg—trig) CMUP, pp>25 0.9166 0.007 0.8
trigger p(p—trig) CMX, pr>25 0.9613 0.01 1.0
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THE VISTA RESULT

arXiv:0712.1311 (submitted to PRD 10-Dec-2007)
arXiv:0712.2534 (submitted to PRL 15-Dec-2007)
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Vista output

Table of final states CDF Run Il (927 pb')

- ' : Discrepancy . - Discrepant
Final State Plots Observed Expected pancy SM composition Distrib P
(stat. uncertainty only) (0) istributions (o)
: - _ Pythia jj &0 < pT <60 =275, Pythia jj 60 <pT <90 = 182, Pythiajj 18 <pT <40 = 178, Pythia jj 200 < pT <300 = 17.7, Pythia jj
3_|ltau+ IMI 71 113.7+-3.6 2.3 150 = pT =200 = 15,7, Pythia ] 90 = pT = 120 -!..u.]l_x--.hu”1Jl.l:.p':-:1.r~u IR, Pyshea b 40 2 pT < b0 = 1.4, Pythia ] 300 =pT
<Al = 1.3 Pythiabj il < pT <%0 = 1, Pythiabhj 200 < pT < 300 =0.7, Pyithiabj 150 < pT«< 200 =04, Pythiahj 18 <pT<2D =03,
Pythia gammay | $0 <pT=02,Pythiabhj 120 <pT< 150=02,Pythiabj 90 <pT< 120 =0.1, Pythia gamma j 22 < pT< 45 =0.1
1 - - Pythiajj &0 < pT <60 = 685 8, Pythiajj 18 < pT < 40 = 553 4, Pythea jj 60 < pT <90 = 4299, Pythaa jj 90 < pT < 120 = 98 8. Pythia a1 =
j--I Inlm.l lﬁﬁl lgﬂz'g + 5”'8 ]"? B Al < pT bl =21 2, Pythia by 6il) < pl h‘."||||—:H.:.J"!.'.Ilu.'h]]ﬂ"'.p'[ l\:l'-|:|—:'.'.|"_l|"!:|u.1."" I:ill\:jl'l'll-l::l.‘ll:l = 174, Pythaa j; 150 <« masai]e) e |
pT <200 =64, Pythiah] 90 <pT< 120 = &.1, {verlaid events = 5.5 Pythiabh) 120 <pT< 150 = 12, Pythiahj 150 < pT<200 =07, massdj1) 5.7
MoadBEvent W{—sev] jijj =05, Pythia jj 200 <pT« 300 =05, Herwag tthar =02
mass(j3iI_m 6.2
massi) 2,1 3] .
mass(j2 j3.jd4 4.2
mass{jlijl_m 39
mass{j2j3,j5) 3.5
deltaRij2.j3) 34
mansai) 2, )3, 4,050 3.3
miass{j2) 28
mass(jEi 4 _m 1.5
: _ - Pythia jj 40 < pT <60 =959 Pythis jj 18 <pT <40 =473, Pythia jj 60 < pT <90 = 54 3, Pythia jj 200 < pT < 300 = 30 9, Pythiz jj ecimane 1 i 37
2_]1!31.1+ IMI 233 2965-'_ S‘ﬁ lﬁ 150 < pT <200 = 196, Pythia jj 90 < pT< 120 = 108, Pythia jj 120 <pT< 150 =54, Pythiabj 40 <pT <60 = £, Pythia jj 300 < pT s, j12)
<400 =2, Pythiahj 18 < pT<&0 =16, Pythiabj 60 <pT <90 = 1.5, Pythiafaj 200 < pT <300 =08, Pythiabj 150 <pT<200 =05, sumPi 3.5
Pythia by < pl < 10 a2, Pyvihos Al=o% 2] w03, Pyihea gamima | Bl <€ pl a3, Madlven! Al =sae] ) m ], vihoa gamma j A3 €p T .
<45 =0.1,Pythiahj 120 < pT= 150 =01 mass{lan | 2) 3
masstansj 1) 27
clusteredlhjoctsRoooil_pt 2.6
jl_m 25
* - . Pythiajj 18 <pT<40= 117, Pythia jj 40 < pT <60 =95, Pythia jj &) < pT <90 = 4.1, Pythia b £0 < pT < 60 =08, Pytha jj 90 <
1J2-mu+ IHlD_Et] ﬁ 2? + 4‘ﬁ 1‘4 pl=< |:[|—E|.'.',|"_lr‘.!u.1:|] 18w plT o dl) <101, . B

: _ Pythia jj 40 <pT < &0 = 4116, Pythizbj 40 < pT< 60 =295 7, Pyshia jj 60 < pT<90 = 233 5, Pythiz jj 18 <pT <40 = 225 5, Pythia .
lble+l1j [plots] 2207 20154 +- 28.7 +14 B 18 <pT i _wlzsm;.-::h;.l'n_- i) < pT W) — 1555, MadEvent Wi ev}jj =01 4, Pythia gamma j 22 < pT <45 = 79.7, MadEven: | T25(E)D_pt 9.9

i =oen) ] = T4.4, Pythia ) W < pT < 120 = 5533, Pythia gamma | 25 < pT <80 = 27 5, Pytheah) 90 < pT < 120 = 266, Pythia ganma ) massih) 7.2
122pT 222 =265, MadBvent f-»see) jj = 234, Alpges W{—=ev )b = | 3.5, MadBvent Wl-sev)j= 124, Pythiajj 120 <2pT < 150 = o
114, Pythiz gamma j 80 < pT = 104, MadBEvent Wi—sev] jjj = 104, MadBvent & —see) = 9.6, Alpgen W{—rev)bb j =8 ¥, Pythix mass{j))_pt 4.3

Wit vh=8 8, Pythiajj 150 <pT <200 =75, Herwig thar= 5.1, MadEvent ¥ —=¢e) pamma = 4 8, Pythiahj 120 ¢ pT < 150 =4 5,

MadEivent Z[—vee) b = 4.1, MadEvent Z{—see) jjj = 29, Alpgen Wi-sev) bb jj = 2.1, Pythiabj 150 <pT <200 =18, Pythiajj200 « | delaR{E) 4.1

pl<300=15, Madlent WY =gx ) 1111 = 1.1 Ml Bvens WY ey b pamnia = 08 (herlaid gventa =08 Mgl By emt W -sgv i =06, I:IiI!:'-j.i"':i' 3.4
Pythiahj 10 < pT < 18 =06, Pyikia 27 =05, MadBvent gamma pasmeas jj =03, Pythia by 200 < pT <300 = 0.3, Pythia #{-=x ) =03, )
PythiaW&=02 miass{j, b 1.6
unel_pd 1.5
3 - - Pythiajj 18 < pT=£L0= 181291, Pythia jj &0 < pT <60 = 122737 Pythia jj 60 < pT <90 = 39507, Pythiahj 18 <pT< L0 =751 4,  TwedesB i 0
jj_suum-‘dm ILIDISI 35436 3?2946 + 5243 1]' Pythiajj 10 <pT< 18 =749, Pythiabj 40 <pT <6l =580 5, Pythia jj 90 < pT< 120 = 5208, Pythiabj 60 < pT <90 = 179.5, Pythia minDeltaRyj j) 9.9
120 <pT< 150 =967, Pythaajg) 150 < pT <200 = 276, Pythiab) 90 < pT < 120 = 19.7. Pythia gamma | 22 <pT <45 = 13 5, masslj2. i3 9.9
Fy!hu.'.‘l_]]!l-l':p'[E]"\i—|3.H,1}vrr:ud¢w¢:i1—'.'.'ul,]‘_'\".hu.b':.n':r_'l" |2 nl « 2 =8, Mad Bvent 3 ~egg) ] = 19, Pyihia panuna | B ) .
wpT«12=3, Pythizhj 120 <pT< 150 = 2, MadBvens Wi—sev) jjj = 2, Madlvent W{—=evi jjjj=2 deliaRiG2.j3) 9.9

deltaEialj2.j3) 9.9

mass) 2V 2 _m 9.9

1¢+3j1 pmjgg IIJIDEI 1954 1751.6 : 42 +1.1 E':E;d Event Wi—=ev] jj = T05 6, MadEvent W{-=ev) jjj = 595 3, Madivent Wi—=ev) j = 1328, Madlvent Wi—=ev}jjjj = %5, Prthia mass(2Vj2_pt 3.4

[=et vh=584, Madliven! W==ev) = 45 8, Herwig tthar = 26.7, MadEvent #{=see) jj = 2159, Alpgen W{=sev ) bb | = 103, MadEvent
i =oew) 1] =Y Madlvent Wi-sev) pamma = 8.1, Madiven! Al=see) | = 7.0, Alpgen Wi-sgv)bb s bl Pythia 6l <plT <%l =5 X,
Alpgen Wi-—=ev)ibh jj=5.1,Pythiz jj 90 < pT< 120 = £ 4, {verlaid events = 3.6, Pythia jj 40 < pT <60 = 2.2, Pythiz gammas j 80 <
pT=19,Pythizjj 150 <pT=200 =15, Pytkizjj 120 cpT< 150 =15, Pythiajj 200 <pT <300 =13 Pythiabj &l <pT <90 =173,
Pythia gamma | 45 <pT < 80 = 1 2, Madlivent & -scehbb = 0.7, Pythiabj 40 <pT < &l =07, Madlzvent Z{-=cc) gamma = 06, Pythia
Wil =06, Pythia Z{==1t) =05, Madliven! gamma gamma jj =05, Pythiahj M <pT< 120 =04, Pythiabj 150 <pT< 200 =04,
Caanic (pkoton_25_fsa) =04, Pythiah] 18 < pT <40 =04, Pythiz 25 = 0.5, Mad BEvens W{—spv ) pamma = 0.3, Mad Bvent & -svv)
gamma =02, MadBvent W{—=pv}jjj =02
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CDF Run Il (927 pb™)
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Vista final state normalizations

data < SM SM = data

- CDF Run 11 (927 pb') Entries 344
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Vista kinematic shapes
CDF Run 11 (927 pb-')
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Statistical fluctuation

Detector effect

Poor prediction

1
2
3
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e
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Plausible interpretation
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Sample discrepant distribution (parton showering suspected)
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'E'  o® 3 ‘i
@ i r
L.fl i °
L
W 2000 N :
O - P v 3
O I ° r T
— |
QO ..... —
- @
E | —:r—:l_:P'_.. \ y4
= 1000 ...... — |
B @
= i ..21_
- ...
0...;] | | I | 1 1 1 I | | 1 l I 1 1 | | I:?;l“.-'i
1 2 3 4
AR()2,)3)
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Related discrepant distribution

+. ® CDFRunllData

be | B Other

MadEvent W(—ev) jj : 4.5%
Pythiay j : 7.2%

Pythia bj : 32.2%

L Pythia jj : 47%

100 %,

" CDF Run Il Preliminary (927 pb'1)

_ N ++ ++‘H+ + +

Q1

T

s
|

— —

Number of Events

AR(},b)
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> pT statistic Sleuth

a quasi-model-independent search strategy for new physics

Assumptions: DO RunI

|  Exclusive final state Phys.Rev.D 62:092004,2000

7 L Phys.Rev.D 64:012004,2001
- Large ZPT Phys.Rev.Lett.86:3712,2001

3. An excess H1 General Search

Phys.Lett.B 602:14-30,2004
present arXiv:0705.3721 (summer 2007)

CDF Run 11
(pred|Ct|On) d(hep-ph) arXiv:0712.1311 (submitted to PRD)

arXiv:0712.2534 (submitted to PRL)

Rigorously compute the trials factor

0001001 . : :
associated with looking everywhere
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— .. CDF Run Il (927 pb-!)
W bb |j P = 0.089

» 22F e CDFRunlldata 7
5 - 1 Herwig tt : 79% 6F.. SM= 33 o e
Z  20F T MadEvent W(> ev) jjj:3% d= 47 & Find the most
L [ ] MadEvent W(— ev) jjj: 2.6% interestine tail
© 18 [ MadEventW(—ev)ji:2% 4 &
e — SR S )
2 16: I 3 t & Produce pseudo
= - 2} o1t 1t it t ot experiments to
= 14— ]Lu%e 1 assess
- 9 500 550  e00 Significance
12
10—
8—
6
4-
2
D: | | | | | |
0 1000

> Y p (GeV)

_Lblulul.LLI_LA_LJJJAAJ_LlMIHx L1 2P
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W bb jj COFRunll @2780)  Sleuth Sensitivity

9 22F e CDFRunlldata 7
= - [ Herwig tt : 79% SM= 33 ‘
:"j 20 [ ] MadE'Eeme ev) jiii : 3% : d= 47 Q WOUId SIeUth have
. MadEvent W(— ev) jjj : 2.6% '
©  18F I MadEvent W(—ev)jj:2%  a4f found the top Clual‘k?
g 16— oer : l } l A: Yes.
2 14 1 Expected Run Il discovery
— ® T 0
12— — — — = Iuminosity ~8O Pb'l
10E (Run | discovery 67 pb!)
8- _
— T tt subtracted from background
6F_ W bb jj P < 8.3e-07
= # 22F e CDFRunlidata 12 |
4: S - | MadEvent W(— ev) jjij : 15% 4 SM= 17
C 2 20+ ~] MadEvent W(— ev) jjj : 13% . d=110
— - MadEvent W(— ev) jj : 9.4%
2— © 18 [ | MadEvent W(—uv) jjjj : 8.5%
0: o = - Bl Other
0 200 40p 600 € 16
p (GeV) > 2 14
Z T 411 s iy
it ey o ™ 121 |
’ ” - Vu Meuntrinog 10_— ® *
W:s L L L ]
8 ) oo
antiproton beam - proton beam 6 :_
2 -
4
t (i W -
Je (1)7 aqq "3 2:
1 JI!:I:F.'L{E} 0 = L I |
Jet (j) 0 800 1000
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\P vs Luminosity \

CDF Run 11 (927 pb)
., 1

top quarks removed from the background estimate

10

l llIHIll l lIIIIIIl T TTHT

discovery threshold

I I[HII[| [ HIIIH| T T

I IIlIIII|

'?III|III|II[IIII|III|III|III|III|III|III|
100 20 40 60 80 100 120 140 160 180 200

L pb™
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Sample comparison of Sleuth to targeted searches
CDF Run Il (927 pb-')

B Sleuth

Name | Description Sensitivity
Model 01 | GMSB, A = 82.6 GeV, tan 3 = 15, u > 0, 1 *_
. 02000600 3.7 0120140060718 0.2 022
messenger of W = 2A S (PB)

Model 02

ZEEEI-D{;E'NI .":-'.:.'] _:"' I'!r-. llliu'i.rll -!r ?E I___.r

Maodel 03

I
21700 Gev 2y —* 44

Model 04

f —
(1TeV/c2) —7 44

Model 05

I’[IS[.'{-_-:IIR’!\. -1-!’-[]. = 100) (;{‘1\"'.. .1!-]:,'.2 = 18” {:I.r{‘-ﬁ'h"-*

Ag=0,tan 3 =5, u >0

Model 06

mSUGRA, My = 284 GeV, My » = 100 GeV,

0.6 u.t 1 12 14 16

Ag=0,tan 3 =5, u < 0

Ag=0,tan 3 =5, p <0 G ()
Model 07 | mSUGRA., My = 300 GeV, M, = 200 GeV, U S 'uE'i"'ﬁz"'
Grmie (P

Bruce Knuteson it

better
<€

worse

>

targeted search

For models
satisfying the
assumptions on
which Sleuth is
based, Sleuth is
comparable in
sensitivity to a
targeted search

O discovery (P b)
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THE SLEUTH RESULT

> pT statistic

arXiv:0712.1311 (submitted to PRD)

A‘ | -.' A _ 34 i -_L-_ {
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CDF Run 11 (927 pb-')

Sleuth@CDFII

5 fraction of pseudo experiments in this fraction of pseudo experiments in any
(tOP ) final state as interesting as CDF data final state as interesting as CDF data

SLEUTH Final State 7P P = (.46
0 0.0055 ~

' £46% of pseudo experiments are
J ﬁ 0.0092 expected to be as interesting
S /L Y A
E E ﬁ JJ 0.011 @ Sleuth finds no significant excess
g—l— t‘ar—{— }ﬁ 0.016 in CDF Run II high-pr data
@ This does not prove there is no
T ff’ 0.016 new physics present
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CDF Run 11 (927 pb-')

+ 71 -
"1 Py ] P =0.011
2 e CDFRunlldata 3-5F
S 2.5- L1 MadEvent W(—wuv) jjj : 23% 3f SM= 0.7
> - | MadEvent W(—=uv) jj : 21% 2 5F d=
- - [ ] Pythia WZ : 14% o
o - [ Herwig tt : 9.9% 20
o 2__- Other ) ) | 1.5
-n. —
E — 1;— ' *
E B 0.5/
1.5 0" 200 250 30
1_— ® o o0
0.5/
0_| L] T e s | I R R
0 100 200 300 400 500 600
> p (GeV)
168 2 T
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arXiv.org > physics > arXiv:0712.3572

Physics > Data Analysis, Statistics and Probability

A Quantitative Measure of Experimental Scientific Merit

Bruce Knuteson

(Submitted on 20 Dec 2007)

Scientific Merit = how much you learn

how surprised you are at the result
surprisal

-logio(p)
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Result Merit

7 discovery

J /W discovery

there is no Higgsy

T discovery

null Tevatron I + LEP 2
global null Tevatron Ila
global null Tevatron IIby
W and Z discoveries
top quark discovery
Higgs discoveryy

B mixing observation

g search

single top discoveryf

Cost  Bang per buck
(M$) (Merit per M$)

6e-01
le+01
5e+03
1

3e+03
3e-01
3e-01
5e+02
5e+01
5e+03
le+01
le-01
5

le-07

5e+00
2e-01
3e-04
5e-01
6e-05
2e-01
2e-01
4e-05
4e-04
4e-06
4e-07
4e-05
4e-06
0

Table II, pg 8
T Hypothetical future result
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Result Merit

7 discovery

J /W discovery

there is no Higgsy

T discovery

null Tevatron I + LEP 2
global null Tevatron Ila
global null Tevatron IIby
W and Z discoveries
top quark discovery
Higgs discoveryy

B mixing observation

g search

single top discoveryf

Cost  Bang per buck
(M$) (Merit per M$)

6e-01
le+01
5e+03
1

3e+03
3e-01
3e-01
5e+02
5e+01
5e+03
le+01
le-01
5

le-07

5e+00
2e-01
3e-04
5e-01
6e-05
2e-01
2e-01
4e-05
4e-04
4e-06
4e-07
4e-05
4e-06
0

|

Nobel Prize
contenders

Table II, pg 8
T Hypothetical future result
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Bard

hep-ph/0602101
Knuteson, Mrenna

arXiv.org > hep-ph > arXivchep-ph/0602101
High Energy Physics - Phenomenology

Bard: Interpreting New Frontier Energy Collider Physics

Bruce Knuteson, Stephen Mrenna

(Submitied an 11 Feb 20085)

No systematic procedure currently exists for inferring the underlying physics from discrepancies
observed in high energy collider data. We present Bard, an algorithm designed to facilitate the
process of model construction at the energy frontier. Top-down scans of model parameter
space are discarded in favor of bottom-up diagrammatic explanations of particular
discrepancies, an explanation space that can be exhaustively searched and conveniently tested
with existing analysis tools.
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Bard stories
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Quaero@DORunI Y Quaero

D@ Collaboration E Il & || + | @ ntp://mit.fnal.gov/Quaero
Phys.Rev.Lett.87:231801,2001 | L& [{ +] p://mit.fnal.gov/Q /

Quaero@H1
S. Caron, B. Knuteson

Eur.Phys.J.C53:167-175,2008 Q uaero

A General Interface to HEP Data
Help
Signal
Select the generator for your signal:
& F‘}dhla (documentation) SUSF]ECI' (documentation) [ MadEvent (gocumentation;

Datacard file: f_[hc-r:us.e I'iIE_‘" no file
Upload a file with the (generator specific) datacards for your signal.

Example datacards:

» Pythia: Leptoguark
s Suspect: mSUGRA
+ Madevent: Excited quark

You can downlcad one of these example datacards and then upload
it using the field on the right. See the help page for more examples.

Requestor

Email address:
You will be notified when your results are ready.

short model description:

Target time:
Analysis time limit, in units of whole kiloseconds.

Password:

Data from Aleph, L3, and CDF Run Il are currently password protected,
accessible only by collaboration members.

" Submit |
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Full simulation TurboSim
100 seconds 0.01 seconds

TurboSim

A fast detector
simulation that
tunes itself to any
experiment’s
detailed detector
simulation

Bruce Knuteson i
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If a core group of 4
people pursue Vista,
It IS an endgame

l } o

If a core group of 24
people pursue Vista, it
IS an opening gambit
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Summary

Global Analysis of High-pt Data

The problem
The solution

Vista
Sleuth
Surprise!
Bard
Quaero
TurboSim

Bruce Knuteson [} LHC New Physics Signatures Workshop, University of Michigan, Jan 6 2008
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