New physics searches for the LHC

Tilman Plehn

Heidelberg University

Physics in Collision, KIT, 9/2010




New Physics Supermode|3

Tilman Plehn

Early running General consideration for early LHC  [Bauer, Ligeti, Schmaltz, Thaler, Walker; talk Nadia Pastrone]

Anomelies — models competitive with Tevatron

Models

— 10 LHC events in 10 pb~" X
TERAE not ruled out by LEP and flavor physics

not ruled out by Tevatron for 10 fo~ " (shaded req]
decay to (leptonic) background-free signatures )

— candidates: single production via ggffGﬁ“’GW [similar for 4@, qq]
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General consideration for early LHC  (Bauer, Ligeti, Schmaitz, Thaler, Walker; talk Nadia Pastrone]
— models competitive with Tevatron

10 LHC events in 10 pb ™"

not ruled out by LEP and flavor physics

not ruled out by Tevatron for 10 fo~ " (shaded req]
decay to (leptonic) background-free signatures

— candidates: single production via ggffGﬁ“’ Guy  [similar for 43, qq]

— not a supermodel: Z' — ££ (e iimits 24BR, < (my/ /8 TeV)?]
not a supermodel: squark/leptoquark pairs (2-particle phase space]
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General consideration for early LHC [Bauer, Ligeti, Schmaltz, Thaler, Walker; talk Nadia Pastrone]
— models competitive with Tevatron

10 LHC events in 10 pb ™"

not ruled out by LEP and flavor physics

not ruled out by Tevatron for 10 fo~ " (shaded req]
decay to (leptonic) background-free signatures

— candidates: single production via ggffGﬁ“’ Guy  [similar for 43, qq]

— not a supermodel: Z' — ££ (e iimits 24BR, < (my/ /8 TeV)?]
not a supermodel: squark/leptoquark pairs (2-particle phase space]
— Z' or qq resonance
decaying to new stable particles [heavy leptons, poster Fedor Ratnikov]
decaying to heavy quark pairs Q — ¢4~ q
— diquarks/lepto-diquarks uu— D
Lot
Lz
— R parity violating squarks ~ b° — bxi
Y,
L3
= LHC below 100 pb~" a Standard Model machine
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X Experimental anomaly [talks Erich Varnes, Tom Schwarz]
Early running
Anomalies — forward-backward asymmetry AZY = 0.193 > ASM = 0.051  (Rocrigo; K]
Models — heavy colored gauge boson
Fat jets QCD the diagonal of SU(3)1 X SU(3)2 [g4 # gp needed]
Top tagging candidate model g}, gf ~ 1 — cos?6
SU); SU), iy
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New Physics Top asymmetry

Tilman Plehn
Early running Experimental anomaly [talks Erich Varnes, Tom Schwarz]
Anomalies — forward-backward asymmetry AZY = 0.193 > ASM = 0.051  (Rocrigo; K]
Model:
Fo - — heavy colored gauge boson
R QCD the diagonal of SU(3); x SU(3)2 (g # g, needed]
Top tagging candidate model g{, gg ~1—cos?6

— additional constraints [Framton, Shu, Wang; Chivucula, Simmons, Yuan]
By mixing: Mc¢sin20 > 1.8 TeV  solid)
e-w precision data: M > cotf x 700 GeV [dotted)
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Experimental anomaly [talks Erich Varnes, Tom Schwarz]

— forward-backward asymmetry AZY = 0.193 > ASM = 0.051  (Rocrigo; K]
— heavy colored gauge boson

QCD the diagonal of SU(3)1 x SU(3)2 g4 # go needed]
candidate model g{, gg ~1—cos?6

additional constraints [Framton, Shu, Wang; Chivucula, Simmons, Yuan]
By mixing: Mc¢sin20 > 1.8 TeV  solid)
e-w precision data: M > cotf x 700 GeV [dotted)

allowed parameter points:  Arg = 0.04,0.03 M = 2000, 2850 GeV]
axigluon interpretation not possible

alternatives: colored scalars, weak gauge bosons,... [t channel, flavor violating]
exciting search channel qq — tt

LHC at least 5 fb~' at 7 TeV
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Historically: Dirac dark matter to explain PAMELA  [Harnik & Kribs; Benakii
— interacting via higher-dimensional operators  (susy: A = m; no coupling to Z]
Ops = L DDH'H — Ops = % Dy Dy, Pt Ops = % Dy D Ty Pef
A A2 A2
— annihilation rate  (ov) ~ 3, ¢} p/A*

Dirac bino: dominated by leptons ¢ ~ (Yg')?  (A-symmetric MsSM]
explaining PAMELA positron excess
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Historically: Dirac dark matter to explain PAMELA  [Harnik & Kribs; Benakii]

— interacting via higher-dimensional operators  (susy: A = m: no coupling to Z]

1= cL — - CrR = -
Ops = & DDH'TH  Ops = /\% Dy*D fy PLf  Ops = Aiz' Dy*D Fr,, Prf

— annihilation rate (ov) ~ 3", ¢ 5/A%

Dirac bino: dominated by leptons ¢ ~ (Yg')?  (A-symmetric MssM]

explaining PAMELA positron excess

Effective theory analysis of dark matter [Goodman, Ibe, Rajaraman, Sheperd, Tait, Yu]

— complex/real scalars, Majorana/Dirac fermions

coupling to Standard Model fields
— list of operators

Operator Coefficient
ci xTxaq mq/A?
c2 xtxgv%q imq//\z
c3 xtouxavtq 1/A2
c4 xTouxav"~5q /N2
c5 xFxGpuGHv as /42
c6 xFxGuL G iovg /4N2
R1 xqq mq /2N2
R2 x2§+%q img /2n2
R3 X2 Gy GHY as/8A2
R4 X2 Gy GHY iovg /8A2

Operator Coefficient
D1 X9 mq /A3
D2 x7°xaq img /A3
D3 xxa7°q img /A3
D4 27 xa7%q mq//\3
D5 XY xqvpuq 1/82
D6 XY xqvua 1/A2
D7 v H xGvur’q 1/A2
D8 7P xavurPa 1/A2
D9 oMY XG0 g 1/A2
D10 | Xourr°xdoapq i/N?
D11 *xGpv GHY as/4n3
D12 O XGuw GHY ioeg /AN3
D13 *x Gy GHY s /43
D14 O xGuy GHY as/4n3
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Historically: Dirac dark matter to explain PAMELA  (Harnik & Kribs; Benakii]

— interacting via higher-dimensional operators  (susy: A = m: no coupling to Z]
Ovs =~ DOH'H ~ Ops = £ Dy DTy, Puf  Ops = & Dy D Ty, Paf
DS*X Dsfp Y YL DS*E Y YuR

— annihilation rate (ov) ~ 3", ¢ 5/A%
Dirac bino: dominated by leptons ¢ ~ (Yg')?  (A-symmetric MssM]
explaining PAMELA positron excess

Effective theory analysis of dark matter [Goodman, Ibe, Rajaraman, Sheperd, Tait, Yu]

— complex/real scalars, Majorana/Dirac fermions
coupling to Standard Model fields

— WIMP-nucleon cross section [direct detection]
compared to Tevatron/LHC reach xx+jets

= colliders dominant for light WIMP
interpretation unclear for UV completions...

m (Gev)'”
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MRSSM

Opposite of anomaly: understand 6 x 6 squark mass matrix?

flavor violation: K-K mixing, etc
CP violation in flavor sector

— flavor-violating decays: b — sy
electric dipole moments...

= flavor symmetries required
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Opposite of anomaly: understand 6 x 6 squark mass matrix?

flavor violation: K-K mixing, etc
CP violation in flavor sector

— flavor-violating decays: b — sy
electric dipole moments...

= flavor symmetries required

Solution [Kribs, Poppitz, Weiner]

— start from well-known R parity [proton decay, dark matter,..]
expand to continuous, global symmetry  [Hall & Randall]
avoid spontaneous breaking to break SUSY  [affieck, Dine, Seiberg, Nelson & Seiberg]

— forbidden soft-breaking terms  ¢3, ¢*¢2, XX
allowed soft-breaking terms  $2, $*¢, X

— no Majorana masses, no A, i, §; g terms  [Majorana neutrino okay]
— gluino Dirac mass via additional state  (cniral superfield with sgiuon]
=- squark mixing hardly constrained
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MRSSM

Opposite of anomaly: understand 6 x 6 squark mass matrix?

flavor violation: K-K mixing, etc
— CP violation in flavor sector

flavor-violating decays: b — sy
electric dipole moments...

= flavor symmetries required

Sgluons at the LHC  tp & Taiy

— complex sgluon field G, G*
— supersymmetric QCD
£ =(D.G)" (D"G) +ivV2gsfigd (GP.+ G Pr)?g°
fixed g-G-G, §-g-G couplings at tree level
allowed soft-breaking terms
£ =mGG" + %mﬁ (GZ+G*2) V2gsmg (G+ G™) Zq TG

fixed mass and g-g-G couplings at tree level  [goto mass eigenstates]

G-g-g coupling loop-induced oc my /m2G [D5 operator]
G-g-q coupling loop-induced oc Mgdgq Mg/ mZG [D4 operator]
= pair production, decay to top quark
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S Opposite of anomaly: understand 6 x 6 squark mass matrix?
Anomalies — flavor violation: K-K mixing, etc
’;”:‘j::: — CP violation in flavor sector
B — flavor-violating decays: b — sy

electric dipole moments...
= flavor symmetries required

Close relatives

axigluons: strong coupling to quarks  (Bagger, Schmit, King, 1988]

— supersoft SUSY breaking: sgluon not relevant for pheno  [Fox, Neison, Weiner]
Randall-Hall or N = 2 hybrid: minimal flavor violation [popenda et al
non-supersymmetric octets: boosted tops discussed later
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Sgluons at LHC

Production easy (1P & Tait, Popenda et al]

— pair production via SUSY-QCD
— single production at one-loop

— produced like stop pairs with new color factorio"

Decays with some structure
- [(G— gg) x mf

M(G — tg+1q) o< (Mymg)?
G — gg dominant for large mg
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Sgluons at LHC

Production easy (1P & Tait, Popenda et al]

— pair production via SUSY-QCD
— single production at one-loop

— produced like stop pairs with new color factorio"

Decays with some structure
- [(G— gg) x mf

M(G — tg+1q) o< (Mymg)?
G — gg dominant for large mg

— SUSY decays possible
G — tt useful with MFV
off-shell channels < one-loop channels

— single production background-burdened
= like-sign tops plus jets
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Hidden valleys and portals

Skipping, ask me over coffee...
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Chiral 4th Generation

Some questions

- si i . i ¢ [review: Framton, Hung, Sher]
simply phenomenological: why three generations?

— anomaly cancellation?
light neutrinos and LEP?
Majorana neutrinos in neutrinoless double beta decay?
electroweak precision data?
flavor constraints?

= none of the constraints convincing [Peccei: ‘Why there should not be a fourth generation’]

— strongly interacting theory?  (Holdom; Burdman & De Rold]
electroweak baryogenesis?  [Fok & kribs]
dark matter?

= at least as interesting as other LHC scenarios
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Chiral 4th Generation

Some questions

=

simply phenomenological: why three generations?  review: Framton, Hung, Sher]

anomaly cancellation?

light neutrinos and LEP?

Majorana neutrinos in neutrinoless double beta decay?
electroweak precision data?

flavor constraints?

none of the constraints convincing [Peccei: ‘Why there should not be a fourth generation’]

strongly interacting theory?  Holdom; Burdman & De Rold]
electroweak baryogenesis?  [Fok & kribs]
dark matter?

at least as interesting as other LHC scenarios

The model [old story]

complete additional generation (a,, Uy, D4, Ly, €4, v4]

masses from Yukawas

representations as Standard Model: no FCNC

charged currents: (4 x 4) fermion—mixing matrices isingle-top (D0) Vy; > 0.68]
neutrino mass: £ ~ ys HLyvag + M 585v4p/2



New Physics

Tilman Plehn

Early running
Anomalies
Models

Fat jets

Top tagging

Chiral 4th Generation

Electroweak precision data [Lepewwa]

— Particle Data Group:
An extra generation of ordinary fermions is excluded at the 6o level on the

basis of the S parameter alone...
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Electroweak precision data [Lepewwa]

— Particle Data Group:
An extra generation of ordinary fermions is excluded at the 6o level on the

basis of the S parameter alone...
This result assumes that...any new families are degenerate
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Early running Electroweak precision data Lerewwa]
G — Particle Data Group:
Models An extra generation of ordinary fermions is excluded at the 6o level on the
Fat jets basis of the S parameter alone...
Top tagging This result assumes that...any new families are degenerate

Just as the 3rd generation... [Holdom; Vysotsky....; Kribs, TP, Spannowsky, Tait]
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Chiral 4th Generation

Electroweak precision data [Lerewwg)

— Particle Data Group:

An extra generation of ordinary fermions is excluded at the 6o level on the

basis of the S parameter alone...

This result assumes that...any new families are degenerate

Just as the 3rd generation... [Holdom; Vysotsky,...; Kribs, TP, Spannowsky, Tait]

— okay, got is, some people prefer a Z’
let's be honest for a change...

— for our purpose: leading Sand T [au ~ oasinswm)
— remember doublet: AS = N;/(6r)(1 — 2Y log m2/m?)

(1) keep AS and AT small

[ASq blue; ATg red]

m, - m, [GeV]

100
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20
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0.2
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200
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Early running Electroweak precision data Lerewwa]
GUBEIEE (2) old trick: compensate AS ~ AT >0 (Hil..]
Models small my: AT ~ AS~0.2
Fat jets large my: AT ~ AS+0.2~0.3
1 Ll — allowed parameter points [m,, = 100Gev, m, , = 165GeV]

My, Ma, my ASiot ATt
310 260 115 0.15 0.19
320 260 200 0.19 0.20

330 260 300 | 0.21  0.22 LY T
400 350 115 0.15 0.19
400 340 200 0.19 0.20
400 325 300 0.21 0.25 02F
— within 68% CL of electroweak ellipse

- generic feature m,, > mq, allows for us — dsW

0.3

0aFm.=

— AS < 0 but dangerous U for Majorana neutrino
[Kniehl, Kohrs]

m, =200 Gev /
L0.2F m, =300 GeV/
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Dimension-5 HIggS couplings [e.g. SFitter-Higgs; got a hacked HDecay]

— loop effects of new particles (ari, Arik, Cetin, Conca, Mailov, Sultansoy; Kribs, TP, Spannowsky, Tait]
— chiral fermions without Appelquist-Carazone decoupling

2
G,oPm?
THoney = 12‘;\["; ZNchA/(T/)+AW(TW)
Guo m,_, . miz-l
THogg = 36v/5n3 ZAI(TI) with 7 = an?

Alr) = S et (= A()]
Aw(r) = —% 27 +3r+3(2r — Df(r)]  with f(r—0) =~
(1) increase gggH — 3 X gggH

decrease g,y — 1/3 X gyyH
light-Higgs BRs suppressed by H — gg

01

Branching Ratio  BR(H)

0.001]

0.0001
1
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Dimension-5 HIggS couplings [e.g. SFitter-Higgs; got a hacked HDecay]

— loop effects of new particles (ari, Arik, Cetin, Conca, Mailov, Sultansoy; Kribs, TP, Spannowsky, Tait]
— chiral fermions without Appelquist-Carazone decoupling
2

G,oPm?
FHosyy = ot | S NeQF Ar(71) + A (7,
H=97 = Jog/ond . e Qf Ar(7r) + Aw(Tw)
Guo?m} |3 2 m?
MHogg = ——— |2 Ag(r with 7=
H—00 = 35 |4 f ¢(77) ' am?

Alr) = S et (= A()]
Aw(r) = —% 27 +3r+3(2r — Df(r)]  with f(r—0) =~

(1) increase gggH — 3 X gggH
decrease g,y — 1/3 X gyyH ot
light-Higgs BRs suppressed by H — gg

(2) factor 9 enhancement of gg — H [Tevatroni?]
099 BRyy — 0gg BRy
0ggBRzz — (5---8) 0gg BRzz —nz

10°

500 600
m..[GeV]
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Dimension-5 HIggS couplings [e.g. SFitter-Higgs; got a hacked HDecay]

— loop effects of new particles (ari, Arik, Cetin, Conca, Mailov, Sultansoy; Kribs, TP, Spannowsky, Tait]
— chiral fermions without Appelquist-Carazone decoupling

2
G,oPm?
THoney = 12‘;\['; ZNchA/(T/)+AW(TW)
Guo m,_, . miz-l
THogg = 36v/5n3 ZAI(TI) with 7 = an?

Alr) = S et (= A()]
Aw(r) = —% 27 +3r+3(2r — Df(r)]  with f(r—0) =~
(1) increase gggH — 3 X gggH

decrease g,y — 1/3 X gyyH
light-Higgs BRs suppressed by H — gg

(2) factor 9 enhancement of gg — H [Tevatroni?) o7

ool G o G —
Standard Model: GF
099 BRyy — 0gg BRy 05 N
0ggBRzz — (5---8) 0gg BRzz £

( :1 0.4 —
(3) misleading WBF correlations s e

0.2
(4) Higgs pair production the winner  gaur, T, Rainwater] 0.1 |-

0 I I I I I

= if nothing else — what a great straw man! o 05 1 15 2 25
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New physics searches at the LHC

missing
energy
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[arXiv:0912.3259, Morrissey, TP, Tait]
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Early running Why fat jets?
Anomales 1. decay products too collinear to resolve
h::j: 2. automatic reduction of signal combinatorics
Top tagging 3. improved resonance mass reconstruction

Boosted particles at LHC [l Erich vares)

1994 boosted W — 2 jets from heavy Higgs (seymour]

1994 boosted t — 3 jets [seymour]

2002 boosted W — 2 jets from strongly interacting WW  [gutterworth, Cox, Forshaw]
2006 boosted t — 3 jets from heavy resonances [Agasne, Belyaev, Krupovnickas, Perez, Virzi]
2007 boosted >2‘1’ — 3 jets in R parity violating SUSY  [Butterworth, Ellis, Raklev]

2008 boosted H — bb  [Butterworth, Davison, Rubin, Salam]

2009 boosted t — 3 jets from top partners [tp, salam, Spannowsky, Takeuchi]
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Boosted Higgs bosons

Hadronic Higgs decays [gutterworth, Davison, Rubin, Salam]

— S:large myp, boost-dependent Ry,
B: large my,, only for large Ry,
S/B: large my, and small Ry, so boosted Higgs

— fat Higgs jet Rpp ~ 2my/pr < 1

afls i
10 ¥ Yo, do/dp;
21
10 = ttH: p;,
3[
10°F
10'47‘ et AP WH PR

0 100 200 300 400 500 600 700
prlGeV]
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Ty mnnl Hadronic Higgs decays [Butterworth, Davison, Rubin, Salam]
Anomalies — S:large myy, boost-dependent Ry,
Rcces B: large myy, only for large Rpp
Fat jets S/B: large mp, and small Ry, so boosted Higgs
Top tagging — fat Higgs jet Rpp ~ 2my/pr < 1

= non-trivial challenge to jet algorthms
gelojerad | os/fo | osffb | S/vVBso

C/A, R = 1.2, MD-F 0.57 0.51 4.4
ki, R=1.0, Yeut 0.19 0.74 1.2
SISCone, R =0.8 0.49 1.33 2.3
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By s Hadronic Higgs decays [Butterworth, Davison, Rubin, Salam]
Anomalies — S:large myy, boost-dependent Ry,
Rcces B: large myy, only for large Rpp
Fat jets S/B: large mp, and small Ry, so boosted Higgs
Top tagging

— fat Higgs jet Rpp ~ 2my/pr < 1

WH /ZH productionm H — bb

— combined channels V — ¢4, vv, v 2 1ok e o M e
Q Q
— Z peak as sanity check 38 5%
§ 8h §
— confirmed to 20% [ATLAS: Piquadio] - G 4
subjet b tag excellent [zo%/1%] \ £
charm rejection challenging o - S i
mH i 8 GeV tOUgh ) Mass (GeV) ) Mass (GeV)
. . ) LK £140f @
- Improvements pOSSIble [Soper, Spannowsky] §Zz:ffﬁ;fzgsev . lets g:oii’ﬁ;ﬁggw V:/'E‘S
) . 3 3 Vetiggs
= crucial to understand Higgs sector L g
& I

a8 88

Mass (GeV) Mass (GeV)
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Tilman Plehn

Early running
Anomalies
Models

Fat jets

Top tagging

More boosted Higgs bosons

Long death of ftH, H — bb  [Gammin & Schumacher, GMS-TDR and Atlas-GSC worse]

— trigger: t — bW+ — btty ~
reconstruction and rate: t — bW~ — bjj
— not a chance:
1— combinatorics: my in pp — 4byag 2j Lv
2— kinematics: peak-on-peak with ttbb, ttji
3- systematics: S/B ~ 1/9 (s/Birelevant]
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Early running
Anomalies
Models

Fat jets

Top tagging

More boosted Higgs bosons

Long death of ftH, H — bb  [Gammin & Schumacher, GMS-TDR and Atlas-GSC worse]

- trigger: t — bW+t — blty ~
reconstruction and rate: t — bW~ — bjj

— not a chance:
1— combinatorics: my in pp — 4byag 2j Lv
2— kinematics: peak-on-peak with ttbb, ttji
3- systematics: S/B ~ 1/9 (s/Birelevant]

Higgs tagger for tTH [Tr, salam, Spannowsky]

— uncluster one-by-one: j — ji + o [C/Aalgorithm, R = 1.2]
1—mass drop: m;, > 0.8m; means QCD; discard j
2—soft m, < 30 GeV means QCD; keep ji

— double b tag [possibly add balance criterion]
three leading J = pr 107, 2(AR12)* vs mii}
no mass constraint — side bin
— jets everywhere; underlying event and pileup deadly
filter reconstruction jets [Butterworth—Salam]
decay plus one add'l jet at Ry ~ Rj/2
reconstruct masses w/ QCD jet



NewPmses - More boosted Higgs bosons

Tilman Plehn
X Long death of ﬁH, H — bb [Cammin & Schumacher, CMS-TDR and Atlas-CSC worse]
Early running
Anomalies — trigger: t — bWT — béTv
Models reconstruction and rate: t — bW~ — bjj
IFilEE — not a chance:
Top tagging 1— combinatorics: my in pp — 4bgag 2j Lv

2— kinematics: peak-on-peak with {tbb, ttjj
3— systematics: S/B ~ 1/9 (s/VBirelevant]

Higgs tag plus top tag

— tagged top and tagged Higgs 06 | do/dmgg (/5 Gev] tiH —]
trigger on lepton N
ttjg 7777 4

add’l continuum b tag remove t, — bplus it e
side bin in continuum {tbb 02 | m§
— promising, but 100 fb~" , N

My ‘ s s/B S/VB 0.6
795 | 57 1/21  52(5.7) oa b
120 | 48  1/24 45(5.1) -
130 | 29 1/36 29(3.0) 0 Lo o RN

[N\




New Physics

Tilman Plehn

Early running
Anomalies
Models

Fat jets

Top tagging

Boosted top quarks

nghly boosted top quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]

— identify hadronic tops with pr = 800 GeV
isolation and b tagging challenging

— C/A algorithm with pr drop criterion
all top decay jets identified
3 kinematic constraints: myy, m;, COS Oyg

— top mass included, no sidebins
— improvement S/B — 15 x S/B

012

o
8

o
8

Events (normalizedto unity)
o o
g 8

o
8

top jets
gluonjets
quark jets

Tagging efficiency

[no b tag]

°

°
=

3
@

o
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New Physics

Tilman Plehn

Early running
Anomalies
Models

Fat jets

Top tagging

Boosted

top quarks

nghly boosted top quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]

— identify hadronic tops with pr = 800 GeV
isolation and b tagging challenging

— C/A algorithm with pr drop criterion

all top decay jets identified

3 kinematic constraints: myy, m¢, COS Ong| o bag]
— top mass included, no sidebins
— improvement S/B — 15 x S/B
— ATLAS studies on semi-leptonic channel promsing

Lo T T £ 0TI Lo 2 T T
Sogf ATLAS Preiminary o8 ATLAS Preiminary § | ATLAS Proliminary
5. Simulation ‘0.16f Simulation S 0.2f- Simulation
50-"-‘ gt, 4] 5
So.1 E
To.12f = © @ ©
E e Eoief 12 Eoast
0.1 = =
o.08F : B
) o 0.08 B o
0.06F 0.06f E
0.04 0.04} E 0.0sF
0.02 0.0 H
d L
%200 400 600 800 1000 1200 1400 %200 400 600 800 10001200 1400 % 200 400 600 800 1000 1200 1400

timass [GeV)
(a) minimal

timass [GeV]

(b) full reconstruction

(c) mono-jet

ti mass [GeV]

normalised 10 unit area



New Physics Boosted tOp qUarkS

Tilman Plehn
Early running nghly boosted tOp quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]
Anomalies — identify hadronic tops with pr 2 800 GeV
Models isolation and b tagging challenging
= — C/A algorithm with pr drop criterion
Top tagging all top decay jets identified

3 kinematic constraints: myy, m¢, COS Ohg| o bag]

top mass included, no sidebins
improvement S/B — 15 x S/B

Standard Model: HEPTopTagger [TP, Salam, Spannowsky, Takeuchi]

— extend reach to pr 2 250 GeV
— start like Higgs tagger (mass drop, £ = 1.5]

kinematic selection: m,]',-,mj(j”,mj(jz) [no b tag, filtered]

— no id of top decay products
no boost
complicated kinematics instead

o
<

Number of tops
=
-




New Physics Boosted tOp qUarkS

Tilman Plehn
Early running nghly boosted tOp quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]
Anomalies — identify hadronic tops with pr 2 800 GeV
Models isolation and b tagging challenging
= — C/A algorithm with pr drop criterion
Top tagging all top decay jets identified

3 kinematic constraints: myy, m¢, COS Ohg| o bag]
top mass included, no sidebins
improvement S/B — 15 x S/B

Standard Model: HEPTopTagger [TP, Salam, Spannowsky, Takeuchi]

— extend reach to pr 2 250 GeV

e

— start like Higgs tagger (mass drop, £ = 1.5]

kinematic selection: m,]',-,mj(j”,mj(jz) [no b tag, filtered]

— no id of top decay products
no boost
complicated kinematics instead

Efficiencies
o o
> ®

o
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o
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New Physics Boosted tOp qUarkS

Tilman Plehn
Early running nghly boosted tOp quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]
Anomalies — identify hadronic tops with pr 2 800 GeV
Models isolation and b tagging challenging
= — C/A algorithm with pr drop criterion
Top tagging all top decay jets identified

3 kinematic constraints: myy, m¢, COS Ohg| o bag]
top mass included, no sidebins
improvement S/B — 15 x S/B

Standard Model: HEPTopTagger [TP, Salam, Spannowsky, Takeuchi]

— extend reach to pr 2 250 GeV
— start like Higgs tagger (mass drop, £ = 1.5]

kinematic selection: m,]',-,m;j”,mj(jz) [no b tag, filtered]

— no id of top decay products
no boost
complicated kinematics instead

Efficiencies

tagged (unmatched)

p,[Gev]



New Physics

Tilman Plehn

Early running
Anomalies
Models

Fat jets

Top tagging

Boosted top quarks

nghly boosted tOp quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]

identify hadronic tops with pr = 800 GeV
isolation and b tagging challenging

C/A algorithm with pr drop criterion
all top decay jets identified
3 kinematic constraints: myy, m¢, COS Ohg| o bag]

top mass included, no sidebins
improvement S/B — 15 x S/B

Standard Model: HEPTopTagger [TP, Salam, Spannowsky, Takeuchi]

extend reach to pr = 250 GeV

start like Higgs tagger mass drop, 7 = 1.5]

kinematic selection: my;, m;j”, mj(jz) [no b tag, filtered]
no id of top decay products

no boost

complicated kinematics instead

realistic for {f in SM
waiting to be tested: Tevatron/LHC

ARy

ARy

400

600
P{GeV]
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New Physics

Tilman Plehn

Early running
Anomalies
Models

Fat jets

Top tagging

Top squarks

Reconstructing hadronic tops

— reconstruction of G — tfand f — t¥
Competitive with semi—leptonic channel? [tt resonance: £ plus myy]

top mass decisive for tagger
tOp 3-momentum add’l requirement [Wang et al; Moortgat-Pick et al; Weiler et al]

— strong dependence on pr > 200, 300 GeV
= hadronic top tag really like b tag

Number of tops
I

g
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New Physics

Tilman Plehn

Early running
Anomalies
Models

Fat jets

Top tagging

Top squarks

Reconstructing hadronic tops

reconstruction of G — ffand f — t¥

competitive with semi-leptonic channel?

top mass decisive for tagger
top 3-momentum add’l requirement [Wang et al; Moortgat-Pick et al; Weiler et al]

strong dependence on pr > 200, 300 GeV
= hadronic top tag really like b tag

Stop pairs [TP, Spannowsky, Takeuchi, Zerwas]

[t resonance: £ plus myy]

— top partner most important particle in MSSM  nierarchy problem]
comparison to other top partners  [Meade & Reece]

dark matter difficult for semi-leptonic channel

purely hadronic: ﬁ* — ti? ?)2(1) [CMS-TDR: leptons as life guards]

eventsin 1o 1

e

ft

QCD  WH+ets Z+jets

S/B  S/VB

10fb—1
mi] GeV] 340 390 440 490 540 640
prj > 200 GeV, £ velo|728 447 292 187 124 46[878502.4 - 107 1.6 - 105 m/a[[3.0 - 10—°
B > 150 GeV 283 234 184 133 93 35| 22452.4 - 105 1710 2240|[1.2 - 103
first top tag 100 91 75 57 42 15| 743 7590 90  114[[1.2. 1072
second top tag 15124 11 84 6.3 23| 32 129 57  14|8.3-10—2
bta 87 74 63 50 38 14| 19 26 < 02<0.05| 040 59
myro > 250 GeV 43 5049423212 42 <06 <01<0.03| 088 6.1




New Physics

Tilman Plehn

Early running
Anomalies
Models

Fat jets

Top tagging

Top squarks

Reconstructing hadronic tops

— reconstruction of G — tfand f — t§

— competitive with semi-leptonic channel? (i resonance: #1 plus myy]

— top mass decisive for tagger

top 3-momentum add’l requirement [Wang et al; Moortgat-Pick et al; Weiler et al]

— strong dependence on pr > 200, 300 GeV
= hadronic top tag really like b tag

StOp pairs [TP, Spannowsky, Takeuchi, Zerwas]

— top partner most important particle in MSSM  nierarchy problem]

comparison to other top partners  [Meade & Reece]
— dark matter difficult for semi-leptonic channel
— purely hadronic:  * — I)Z? f)"(? [CMS-TDR: leptons as life guard
— stop mass from my, endpoint fike slepton pairs]
— not even a hard analysis

g M98 GeV
8
%”%so.&
IS Mg,=340 GeV
02-
Mg =540 GeV

. L
00 300 400 500 600
MrGeV]



New Physics OUthOk

Tilman Plehn
Early running Watching Tevatron and LHC
Anomelies — new physics only starting around 1 fo~'
:ti — anomalies either unexplainable or unconvincing
Top tagging — little happening in model space  (arxiv:0912.3259, Morrissey, TP, Tai]

= time for helpful phenomenology

— parton shower/matrix element merging  [Ckkw, MLM, MC@NLO, POWHEG, CKKW@NLO]
— automized higher order calculations [sm&Bswm

— new physics interfaces in event generators  [FeynRules]

— effective theories of new physics  (usefu?]

— personally: boosted heavy particles

= time to test tools on Tevatron/LHC data (HepTopTagger]
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