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At LHC: elementary or composite?

The LHC is taking data:
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Why at the LHC? hierarchies

The hierarchy problem motivation:
?

i <<A

from an effective field theory perspective:

Lor ~ NIH +Yyq Hdp + ... + Z 10

Z d>4

why?
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Why at the LHC? hierarchies

The hierarchy problem motivation:
?

i <<A

from an effective field theory perspective:

Lor ~ NIH +Yyq Hdp + ... + Z 10

1,d>4

SU(B)C X SU(Q)L X U(l)y

" why? —~~

My, <K My <K My ~ U
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Why at the LHC? hierarchies

The hierarchy problem motivation:
?

i <<A

from an effective field theory perspective:

C; ;
ﬁeff NA2|H|2_|_qu_LHdR—|——|— Z Ad_40d

SU(B)C X SU(Q)L X U(l)y

natural expectation

A ~ TeV

scale of New Physics BSM
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What is composite? Higgs and top

assume there is a new strongly-interacting sector with, due
to naturalness arguments, a compositeness scale:

A ~ TeV

does any of SM particles belong to this sector?

in “old” examples: Technicolor: W, 7|
MSSM: none
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What is composite? Higgs and top

assume there is a new strongly-interacting sector with, due
to naturalness arguments, a compositeness scale:

A ~ TeV

does any of SM particles belong to this sector?

in “old” examples:

in "modern” scenarios:
Composite Higgs: H, top
Composite natural SUSY: H, fop
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Anything else? from Flavor

one of the two (?) known mechanisms to generate flavor

partial compositeness

Ly =eus0, + e dsOy + ¢ qZL(f)

Yia~ €fuadp 0<e<l

U gp 1

¢! edgp A2 16,2 I o, dGH
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Anything else? light quarks

Flavor constraints: cx — A 2> 20TeV
€ /€, b— sy, n-EDM —» A > Z—pQOTeV
70

partial compositeness does not seem enough...
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Anything else? light quarks

Flavor constraints: cx — A 2> 20TeV

€ /€, b— sy, n-EDM —» A > Z—pQOTeV
s

partial compositeness does not seem enough...

(beyond) Minimal Flavor Violation
U(S)q @ U(S)d @ U(z)u Barbieri et al.

Redi
we might leave out the RH top
only broken by Yukawa couplings:

UR

CR

- Y, light quarks
€ErR < — could be
composite!

perturbativity

qL Yu/eRgp
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Approach to compositeness: EFT

Effective Lagrangian:

£eff ~ AZ‘H‘2—|—YdQ_LHCZR—|——|—

i) Extra powers of 82//\2

CYL%LQLDVFNV, QLURDMDMH,

ii) Extra powers of g?)wQ/AQ — ¢2/f2 g,= coupling of the

P composite states

%(QL’VMQL)Q 9 %(QLWMQL)(HTD'UH) C 0(1)

A =g,/ > [ g9,> 1
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pre-LHC

what do we already know about the
compositeness of the SM particles?
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from

pre-LHC
LEP, SLAC, Tevatron,...

we know a lot about the SM!

NG Average NG Average
(GeV) | Quantity value SM A (GeV) | Quantity value SM A without lepton universality
130 o(qq) 82.1£2.2 828 [ -0.3 192 o(qg) | 22.05£0.53 [21.24 ] -0.10 2/Nyt = 32.6/27 % of dmw (MeV)
130 | o(utpo) | 8.62+0.68 | 8.44 | -0.33 192 | o(ptpm) | 2924018 | 3.10 | -0.13 Back d W — e dat At At At
130 | o(rtr) | 9.024093 | 8.44 | -0.11 192 | o(rtr) | 2.81£023 | 3.0 | -0.05 myz [GeV]  91.18764 0.0021 ackgroun ev data mr pr Pr
130 iFB((uPr; 0.69440.060 | 0.705 | 0.012 192 }/:FB((M?}) 0.55340.051 | 0.566 | 0.019 Iy [GeV] 2.4952 4+ 0.0023 W — v 0.93 £+ 0.03 2 2 2
130 pe(rT77) | 0.663£0.076 | 0.704 | 0.012 192 pe(7T77) | 0.615£0.069 | 0.566 | 0.019 ..
136 (@) 66,7520 | 666 | -02 196 o(q@) | 20.53£0.34 | 20.13 | -0.09 o}, [nb] 41.541 £ 0.037 Hadronic jets 0.25 & 0.15 8 9 7
136 o(ptp™) | 8274067 | 7.28 | -0.28 196 o(utp™) | 2944011 | 2.96 | -0.12 Rg 20.804 4+ 0.050 Z/y" —ee 0.24 £ 0.01 1 1 0
136 | o(rtr) | 7.07840.820 | 7.279 | -0.091 196 | o(rtr) | 2.9440.14 | 2.96 | -0.05 0 . .
136 | Apg(utp) | 0.70840.060 | 0.684 | 0.013 196 | Apg(utp~) | 0.58140.031 | 0.562 | 0.019 gﬁ‘ ;8 ;22 i 8 822 Total 142 +0.15 8 9 7
136 | Apg(rt77) | 0.753+0.088 | 0.683 | 0.014 196 | Apg(rt77) | 0.50540.044 | 0.562 | 0.019 T : :
161 o(qq) 37.0+1.1 352 | -0.1 200 o(qq) 19.25+0.32 | 19.09 | -0.09 A%’g 0.0145 £ 0.0025
161 | o(ptp~) | 4.61+0.36 | 4.61 | -0.18 200 | o(ptpo) | 3.0240.11 | 2.83 | -0.12 A0, 1 0.0169 + 0.0013
161 o(rt77) 5.67+0.54 | 4.61 | -0.06 200 o(ttr7) 2.90+£0.14 | 2.83 | -0.04 OFBT ’ ) without lepton universality
161 | App(ptp™) | 0.538+0.067 | 0.609 | 0.017 200 | App(ptp) | 0.524+0.031 | 0.558 | 0.019 App 0.0188 £ 0.0017
161 | Apg(rt77) | 0.64640.077 | 0.609 | 0.016 200 | Apg(rt77) | 0.539+0.042 | 0.558 | 0.019
172 o(qq) | 29.23£0.99 | 28.74 | -0.12 202 o(qq) | 19.0720.44 | 1857 | -0.09 [ag [MeV]  1745.8 £2.7
172 | o(ptp~) | 3574032 | 3.95 | -0.16 202 | o(ptpT) | 2.58+0.14 | 2.77 | -0.12 Lepton Lepton Teo [MeV] 83.92--0.12
172 | o(rtr7) | 4.01+045 | 3.95 | -0.05 202 | o(rtro) | 2794020 | 2.77 | -0.04 non-universality universality
172 | App(ptp) | 0.67540.077 | 0.591 | 0.018 202 | App(utpo) | 0.547+0.047 | 0.556 | 0.020 Experiment | B(W — ev) | BOW — ) | B(W — 777) | B(W — hadrons) Ly [MeV] 83.99+0.18
172 | Apg(r+77) | 0.342£0.094 | 0.591 | 0.017 202 | App(r77) | 0.58940.059 | 0.556 | 0.019 [%] [%] [%] [%] 7 [MeV] 84.08+0.22
183 o(qq) 24.59+0.42 | 24.20 | -0.11 205 o(qq) 18.17+£0.31 | 17.81 | -0.09 ALEPH 1 10.81 £0.29° | 1091 £0.26" | 1115 £0.38" | 67.15 £ 0.40%
183 o (i) 3.4940.15 345 | -0.14 205 (o) 9454010 | 2.67 | -0.11 DELF’HI 10.55 + ().?4: 10.6? + ().?7i 11.46 + 0.431 ():7.45 :l:().481
183 | o(rtr) | 3.37£0.17 | 345 | -0.05 205 | o(rtro) | 2784014 | 2.67 | -0.042 O;i . 11‘;74% i%‘f 11%(2:1 i%? 1111'81&;1%‘158 66775;011%221
183 | App(utp) | 0.55940.035 | 0.576 | 0.018 205 | App(utpT) | 0.565+0.035 | 0.553 | 0.020 op T i0s6 017 1000 rots T iitsoms | on 15 < 09
183 | App(rt77) | 0.608+0.045 | 0.576 | 0.018 205 | Apg(rt77) | 0.571+0.042 | 0.553 | 0.019 NPT E— 0 —= S0
189 o(qq) 22.47+0.24 | 22.156 | -0.101 207 o(qq) 17.49£0.26 | 17.42 | -0.08
189 | o(utp~) | 3.12340.076 | 3.207 | -0.131 207 | o(ptpT) | 2.5954+0.088 | 2.623 | -0.111 _
189 UET+T_)) 3.20£0.10 | 3.20 |-0.048 | | 207 a((r+r—)) 2.53+£0.11 | 2.62 | -0.04 Vs WW cross-section (pb) Kot
189 | App(utp) | 0.569£0.021 | 0.569 | 0.019 207 | App(utp) | 0.54240.027 | 0.552 | 0.020 (GeV) | ALEPH DELPHI L3 OPAL LEP
189 | App(rt77) | 0.596+0.026 | 0.569 | 0.018 207 | App(rtr) | 0.5640.037 | 0.551 | 0.019 1613 | 4.23£075" | 367 0% " | 289 107" | 3621057 36940457 } 13 /3
172.1 11.7 £13 * | 11.6 £1.4 * | 123 £14 * | 123 £13 * | 12.0 £0.7 * } 022/ 3
% of S (MoV) 182.7 | 15.90 £ 0.63* | 16.07 £0.70* | 16.53 £0.72* | 15.43 +£0.66* | 15.89 +£0.35 *
Background W — v data mr it pr fit g, fit 188.6 | 15.76 +£0.36* | 16.09 4+ 0.42* | 16.17 +0.41* | 16.30 +0.39* | 16.03 +0.21 *
7/ — 6.6 L 03 6 1 T5 191.6 | 17.10 £0.90 * | 16.64 + 1.00* | 16.11 +£0.92 * | 16.60 £ 0.99 16.56 4+ 0.48
W — 0.89 + 0.02 1 7 8 195.5 | 16.61 =0.54 * | 17.04 £+ 0.60* | 16.22 +0.57 * | 18.59 £ 0.75 16.90 +0.31 26.4/24
Decays in flight 0.3 4 0.2 5 13 3 199.5 | 16.90 +0.52 * | 17.39 £0.57* | 16.49 +0.58 * | 16.32£0.67 | 16.75 £ 0.30
Hadronic jets 0.1 & 0.1 2 3 4 201.6 | 16.65 +0.71 * | 17.37 £ 0.82* | 16.01 £0.84 * | 18.48 £0.92 | 17.00 % 0.41
Cosmic rays 0.05 £+ 0.05 2 2 1 204.9 | 16.79 +£0.54 * | 17.56 £ 0.59* | 17.00 £0.60 * | 15.97 +0.64 16.78 = 0.31
Total 794+ 04 9 19 11 206.6 | 17.36 +£0.43 * | 16.35 +0.47* | 17.33 £0.47 * | 17.77 £ 0.57 17.13 +0.25
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from

pre-LHC
LEP, SLAC, Tevatron,...

we know a lot about the SM!

NG Average NG Average
(GeV) | Quantity value SM A (GeV) | Quantity value SM A without lepton universality
130 o(qq) 82.1£2.2 828 [ -0.3 192 o(qg) | 22.05£0.53 [21.24 ] -0.10 2/Nyt = 32.6/27 % of dmw (MeV)
130 | o(utp™) | 8624068 | 844 | -0.33 192 | o(ptp~) | 2924018 | 3.10 | -0.13 Back d W — ev dat fit fit fit
130 | o(rtr) | 9.024093 | 8.44 | -0.11 192 | o(rtr) | 2.81£023 | 3.0 | -0.05 myz [GeV]  91.18764 0.0021 ackgroun cv data mr pr Pr
130 AFB(@M*) 0.694+0.060 | 0.705 | 0.012 192 AFB(NJJ: u©~) | 0.55340.051 | 0.566 | 0.019 Iy [GeV] 2.4952 4+ 0.0023 W — rv 0.93 + 0.03 2 2 2
130 | Apg(r+77) | 0.663+£0.076 | 0.704 | 0.012 192 | App(r+77) | 0.61520.069 | 0.566 | 0.019 .
136 a((qa) : 66,7520 | 666 | -02 196 a((qq) : 20534034 | 20.13 | -0.09 o}, [nb] 41.541 £ 0.037 Hadronic jets 0.25 & 0.15 8 9 7
136 | o(utpo) | 8274067 | 7.28 | -0.28 196 | o(ptp~) | 2944011 | 2.96 | -0.12 R? 20.804 + 0.0 Z/y* —ee 0.24 4+ 0.01 1 1 0
136 | o(rtr) | 7.078+£0.820 | 7.279 | -0.091 196 | o(rtr=) | 2944014 | 2.96 | -0.05 0 P
136 | App(utp) | 0.7084£0.060 | 0.684 | 0.013 196 | Apg(utp) | 0.58140.031 | 0.562 | 0.019 i Total 1.42 + 0.15 8 9 7
136 | Apg(7t77) | 0.753+£0.088 | 0.683 | 0.014 196 | App(rt77) | 0.505+0.044 aacdd
161 o(q7) 37.0+41.1 352 | 0.1 200 o(qq) | 19.2540.32
161 | o(utp™) | 4.61£036 | 4.61 | -0.18 200 | o(ptp) 1] i
161 o(rtT) | 5.67+£0.54 | 4.61 | -0.06 200 T(TH77) L without lepton universality
161 | App(utp~) | 0.53840.067 | 0.609 | 0.017 200 | Ap g
161 | App(rt77) | 0.646+0.077 | 0.609 | 0.016 200 | AR
172 o(gq) | 29.23£0.99 | 28.74 | 0.12 202 k Chaa [MeV]  1745.8 +2.7
172 cr(,ui’u_) 3.57+0.32 3.95 | -0.16 202 o ‘:' [ee [MeV] 83.9240.12
172 | o(rtr 4014045 | 3.95 | -0.05 202 | o(%
172 AF}(3(,U,+M)_) 0.67540.077 | 0.591 | 0.018 202 AF](3 = ) Ly [MeV] 83.99+0.18
172 | Apg(rt77) | 0.34240.094 | 0.591 | 0.017 202 | Arp(¥ (%] %] 7 [MeV] 84.08+0.22
183 o(qq) 24.59+0.42 | 24.20 | -0.11 205 (3 ~ 11.15£0.38" | 67.15 £ 0.40"
183 o (it ) 3494015 345 | -0.14 205 " . o 1().6?i().?7i 11.46:&:().43’*‘ (?7.45:!:0.481
| o) | Ssmen | s |G || | ook
183 | App(u'u7) | 0.559:£0.035 | 0.576 | 0.018 205 | Arn(n 'R e LEP 10.661:0‘1; 10602015 | 1L412022 | 67402028
183 | App(r+77) | 0.608£0.045 | 0.576 | 0.018 205 | App (7 TR IO 0.019 T 0 _—— o
189 o(qq) | 22472024 | 22.156 | -0.101 207 o(qq) ™7 17.4940.26 | 17.42 | -0.08
189 | o(utp~) |3.123+0.076 | 3.207 | -0.131 207 | o(ptpT) | 2.59540.088 | 2.623 | -0.111 _
189 UET+T_)) 3.2040.10 | 3.20 |-0.048 | | 207 UE#T—)) 2.53+0.11 | 2.62 | -0.04 Vs WW cross-section (pb) W dot
189 | Apg(utpo) | 0.569£0.021 | 0.569 | 0.019 207 | App(utp) | 0.5420.027 | 0.552 | 0.020 (GeV) | ALEPH DELPHI L3 OPAL LEP
189 | App(rt77) | 0.596+0.026 | 0.569 | 0.018 207 | App(rtr) | 0.5640.037 | 0.551 | 0.019 161.3 | 423+075" | 367 T 5% 289 TOH | 36205 36940457 | } 1.3/ 3
172.1 11.7 £13 * | 11.6 £1.4 * | 123 £14 * | 123 £13 * | 12.0 £0.7 * } 022/ 3
% of S (MoV) 182.7 | 15.90 £ 0.63* | 16.07 £0.70* | 16.53 £0.72* | 15.43 +£0.66* | 15.89 +£0.35 *
Background W — v data mr it pr fit g, fit 188.6 15.76 £ 0.36* | 16.09 £ 0.42* | 16.17 £0.41* | 16.30 =0.39* | 16.03 £0.21 *
7/ — 6.6 L 03 6 1 T5 191.6 | 17.10 £0.90 * | 16.64 + 1.00* | 16.11 +£0.92 * | 16.60 £ 0.99 16.56 4+ 0.48
W — 0.89 + 0.02 1 7 8 195.5 | 16.61 =0.54 * | 17.04 £+ 0.60* | 16.22 +0.57 * | 18.59 £ 0.75 16.90 +0.31 26.4/24
Decays in flight 0.3 + 0.2 5 13 3 199.5 | 16.90 +0.52 * | 17.39 + 0.57 | 16.49 +0.58 * | 16.32+0.67 | 16.75 4 0.30
Hadronic jets 0.1 + 0.1 9 3 4 201.6 | 16.65 £0.71 * | 17.37 £ 0.82* | 16.01 £0.84 * | 18.48£0.92 | 17.00 + 0.41
Cosmic rays 0.05 £+ 0.05 2 2 1 204.9 | 16.79 £0.54 * | 17.56 +0.59* | 17.00 = 0.60 * | 15.97 + 0.64 16.78 + 0.31
Total 794+ 04 9 19 11 206.6 | 17.36 +£0.43 * | 16.35 £0.47* | 17.33 £0.47 * | 17.77 £ 0.57 17.13 £ 0.25
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pre-LHC: flavor universality

(T 1)

CLL f2

(@1.9%)(Tra)

LR f2
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pre-LHC: flavor universality

(quﬂQ2)2

CLL 12

(@19%)(Trar)

LR 12

1 .5 T 17T | T 17T | IIIIIIIIIIIIIIIII
L % ]
exclude has 0.95 . z

— 1 =
1.0 — : o ]
_ 5 P Amy & Amg

I

0.5 :_ ///////// / / ; . Amd
- SK & - |
1= 00— = | — 2

-0.5—

1.0~ €k —
- 26<0
i Y ( fcgbog)
1.5_I L1 1 | I L1 1 | 1 1 | | I A | | | I I | | | I S |
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P
T — T

flavor assumption: (beyond) MFV

U(S)q @ U(g)d @ U(2>u we might leave out

the RH top

only broken by Yukawa couplings
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pre-LHC: LH-quarks depends on Higgs

elementary in what their couplings to IV, Z concerns:

I'(Z — bb)
. (qry.q.)(HTDMH) Ry, N7 5 ) 21629 + .00066
_I(Z—=qq) _
Ry, = N7 ) 20.767 & .025

KLOE: ‘Vud‘2+‘vus‘2+‘vub’2 — O°9999(6)

but if H is composite, c_is suppressed...

not in their contact interactions:

(Q_L/YMQL)Z
CL
fz

Wednesday, 30 May 12 14
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pre-LHC: RH-quarks not well tested

couplings to the Z are very small: Ja, = Qgsin® Oy ~ 0.08
drYuqr)(H'D'H
an( ! );2 )7 0= u.d
LEP: R, = 12 = qq:) = 20.767 4 .025 f/ Cg) > 1TeV
['(Z — pp)

F// P = 05Tev

] T T T T T H T
1

Ry = 7 — 21629 + .00066

llllllll

20 40 60 80 100 120 140 160 180 200
Vs (GeV)
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RH quarks and LH quarks (if Higgs not)

LHC updates

what we are already learning from LHC about
the compositeness of the SM fermions

16



LHC updates

the easiest thing to start with:

if quarks are composite states

_ 9 _
(QL,RWMQL,R) B ; flavor umvers;l

strong dijet production

highly energetic: m ;; > 3 TeV
central: |1 — 2| < 1.1

Wednesday, 30 May 12 17



dijets at LHC

Independent 4-quark operators:
full list

oY) = (dry"dr)(dryudr)

OY) = (ary"ur)(dry,dr) O = (Try"tr)(dry,dr)
Ol = (upy"ur)(Ury,ur) O = (ary"ur) Trutr)

O = (try"tr)Tryutr)

wy T ug) O = (@ T qr) Ery, T R)
7uT dr)

QLVMT qr

0((13 = (q7"qr)(UrYuur) (’)() (qeY"qr)(trYutr)
oL = (@r"w)(dryudr)
O = (@) (@)
OC(IL;)W) = (QL’Y“T QL)(C]L%T qr)
OB = (T q) Gy, T  qr)
Of) = (ary"T"ug)(ury, T ur) Oq(us) = (upy"T ur)(try, T tr)
OF) = (dpy"TAdR)(dry,TdR)
08 = (ary"Tug)(dry, T dR) OB = (Tpy"TtR) (dgy, T dR)
0% = (" Tq) (@7, T )
( (u
(g (d

)
“qr)
)

but many of them are not relevant for LHC dijets
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dijets at LHC

Relevant 4-quark operators:

at the LHC at high invariant masses: pp = uu, ud, dd

o(ui — uir)\ ™72 ~ 0.04 o(uc — uc) \"™I77 Y
o(uu — uu) - o(uu — uu)

SM SM

because of our flavor assumption, jj # ss, cc, ...

(’)&) = (ury"ur)(UrYuur)

O = (dpy"dg)(dryudr)

Oq(ii) = (apy"ur)(dry,dr)

O = (apy"T*ur)(dry, T dr)
Oc(ﬂlz) = (q7"qr)(qrvuqr)

O = (@ T qu) (@I qv)
oL = (@""q)(tryuur)

Oéi) = (QLWNT QL)(UR’YMT UR)
Oy = (@7"0)(drudr)

0% = (@y"T*qu)(dry,T"dr)

— S

Wednesday, 30 May 12
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dijets at LHC

Angular distributions and exp. results: CMS, 2.2 fb™

B C
< 0.7— —¢— Data CMS 02
o B QCD prediction \s =7 TeV
3, - —— A} rr=7TeV(NLO) L=2.2fb" _SM
= _
3 0.6— — Wy >3.0TeV (02 0.15- —— A=1TeV
(R e G
o0 i T I S =T _ﬁ_ e Data
~~ __+_
h L _+_ . s \}.:\-
0.5 24<M;<30Tev (+0.4) > T T 0.1~
L T
- 0.05 - bmmmmy ‘F }
0.4 L 1.9<M, <2.4Tev  (+0.3) r ‘ '“f-
[ tmg——e——8——9—_o —¢— 0 O———O——Igu, }

15<M; <1.9Tev  (+0.25) | | | | ‘ ‘
—o——0—0— 0 — 0
=g O—O— OO0 1 1.5 2 3 5 7 10 15 20 30
1.2<M; <1.5Tev  (+0.2)
| —e=—g———e—0——0 —¢— & OO

B 1.0<M; <1.2Tev  (+0.15)
Y oo 00 0 —0 Tl

0.2 ‘
L 08<M;<1.0Tev  (+0.1)

I h 0.6<M; <0.8Tev  (+0.05) F3T€V . N(X < 37 m]J > STQV)
0.1— X o

L 0.4 < M,.i < 0.6 TeV

oo et N(X < 16, m;; > STGV)

2 4 6 8 10 12 14 16

Xdijet

0.3
central

0.003 < F2™V < 0.150)

Y = €|y1—y‘2]_
at 95% CL
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dijets at LHC

One at a time Bounds:

best bounds up to date

Operator A_(TeV) A, (TeV)
Ol 4.5 3.0
1
oY 2.4 2.0
oY 2.2 2.2
o) 1.8 1.3
ol 5.0 35 s /o
oY 3.4 2.0 G
o) 2.5 2.5
ol 1.9 1.5
1
O%g; 1.9 1.9
oy 1.4 1.2

interference with QCD:

Wednesday, 30 May 12

constructive

destructive

<
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dijets at LHC

Compositeness Bounds:

PG
AVAYAY

G = SU(3).®SU©2), @ Uy ®Gr
Gr=U(3),®U(3)s® U(2),

up ~(3,1,2/3.1,1,2)
dp ~ (3,1,-1/3,1,3,2)

qr, ~ (3,2,1/6,3,1,2)

Composite States f (TeV)

dp 1.5

UR 3.2

uR,dR 3.0

qdr, 3.8

C]L,dR 4.0

dr, URr 4.9
qL,uR,dR 0.2
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dijets at LHC

Heavy gauge bosons Bounds: present in many extensions of the SM

le MZ/ M /
5 >16TeV Y >93TeV ~ — >23TeV
gB gy 9r
G 9L T " qr + 9rqrT " qr) 10 B |
massive gluon solving Arp of tops? -
not if heavy 1: ]

Wednesday, 30 May 12
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dijets at LHC

SM gauge boson compositeness Bounds

~0010 -

Wednesday, 30 May 12

close to best
bound from LEP
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dijets at LHC

SM gauge boson compositeness Bounds

—Y

p°1I'(0)

4mW

(0,Bu)’

10 F

10

25



dijets at LHC

SM gauge boson compositeness Bounds

p°1I'(0)

— 2/

A \2
4m‘2/v (DPG[LV)

gluon compositeness

—Ix107*<Z2<3x10™*

best bound up to date

Wednesday, 30 May 12
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Some extra motivation

Top Forward-Backward Asymmetry: CDF and DO

Forward-Backward Top Asymmetry, %
o Reconstruction Level
ou oy /dMy) AL (Ags)i (Ag)” (Apg)™ Ay m. <450 GeV
q t 5
DO 54N T8:4
5 —e—a
S
3 7 1 1 7 7
< 210 230 330 180 330 m, > 450 GeV
[ G|
158% * ¢ v v v e
007 Coy — q t |
E— 2% oo 15.2% R
196% 7777777777 48% 15% S ——
i
-10 0 10 20 30
R —
— —
many many models proposed so far

only a handful are not ruled out already
q t q q

specific models

Wednesday, 30 May 12

27



dijets at LHC

Top AFB:

(8)

C
/1\42 (a T4y u)(tT4y,7°t)  Tevatron

A 2TeV?
Perez et al. A

Servant et al.

Wednesday, 30 May 12
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dijets at LHC

Top AFB:
®)
/1\42 (i TAy"y°u) (£ T4,~7"t) Tevatron O+
(8) tt
AL 9Tev2 A FB

Perez et al. A2

Servant et al.

LHC dijets
\ Cr=U(3),0U@3)0UQ),

Wednesday, 30 May 12
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dijets at LHC

Top AFB: relaxing flavor assumption

) Tevatron _ J
8 _ O tt
ﬁ (a T Yy u) (E T",7°t) Sy

C
— ~2TeV™?
Perez et al. A

Servant et al.

" LHC dijets

A (TeV).
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dijets at LHC

Top AFB: relaxing flavor assumption

Tevatron
) _ Ou ‘/

C
Az @I P u) (T 0"t)

~ 2 TeV 2

large enhancements

LHC dijets
expected at high myt

12

charge asymmetry

CA(S) 6l

A (TeV).

Wednesday, 30 May 12
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Conclusions

Direct production of resonances might be out of reach at LHC.

Indirect effects might be the clue for BSM.
LHC is already festing the SM quark sector with high accuracy.

Strong bounds are setf, 1 - 5 TeV, on single operators and compositeness scale.

quarks (& gluon) can not be fully composite at the EW scale

but still viable MFV implementation

and compositeness of the top quark (& Higgs)

stay tuned
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