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b-physics




b-phyiscs

CKM in B4 sector amasingly well understood by B factories

Some old tensions resolved...
sm(’B )—Sln(’(I), )E

Compare sin2[ measured in clean
b—ccs with measurements of
"sin2B" in

- b—sss (used to be 2.X 0 away)
- b—ccd, b—cud
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b-phyiscs

CKM in B4 sector amasingly well understood by B factories

Some old tensions resolved... but other tensions appeared recently
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Search for Bs — (1

 — !
® Predicted to be very rare in the SM due ; §> - <
- !
i

to GIM & helicity suppression: ‘
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Buras et al: arXiv 1007.5291

® Large sensitivity to NP, eg SUSY:
MZMZtan® 3
M

o Bryissm (Bq — €+€_) X

New result from CDF: positive!

A search has been performed for B? — p ™ and B® — p" ™ decays using 7 fb~! of integrated
luminosity collected by the CDF II detector at the Fermilab Tevatron collider. The observed number
of B® candidates is consistent with background-only expectations and yields an upper limit on
the branching fraction of B(B° — uTp~) < 6.0 x 107° at 95% confidence level. We observe

® Brsm(Bs—pp) =(3.2£0.2) x 107 J A
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One of the

golden channel

+1.1
an excess of BY candidates. The probability that the background processes alone could produce 0.9
such an excess or larger is 0.27%. The probability that the combination of background and the B _} — I ) I -8
d standard model f BY — pTu~ could prod h 1 is 1.9%. Th S . X
expected standard model rate ot 55 — " could produce such an excess or larger 18 1.97%. ese
data are used to determine B(BY! — utp~) = (1.8733) x 107® and provide an upper limit of
B(BY — utp~) < 4.0 x 107% at 95% confidence level.
Studies of flavor-changing neutral current (FCNC) de- (o)
J o0 097 | 097 0.987 | 0.987 <v,, <0.995 >0.995 .
8 s =S o o cays have played an important role in formulating the P-val ue bl(g. 0.27/0 (3 O-)
theoretical description of particle physics known as the o
6-@_ Background Bo_’lfl‘v- standard model (SM). In the SM all neutral currents con- - + S leve 9 / ( 3 )
\ [ +Signal (SMx5.6) CSC serve flavor so that FCNC decays do not occur at lowest P va'l u e b I(g M S Ig’ I ° ° 2' 0-
4 order. The decays of @2 mesons (with a quark content
of bs) and B° mesons (bd) into a dimuon pair (uu~) [1]
5] % 0.2 are examples of FCNC processes that can occur in the

SM through higher order loop diagrams. Their branching
fractions are predicted in the SM to be (3.240.2) x 10~°

- 1 /1 0 AN L oan—10 . 1 ral A .
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LHCb-CONF-2011-047= CMS-PAS-BPH-11-019

Data recol

Run /Event: 167898 / 1773682763

CMS+LHCb: Combined Bs— Ul Limit

rded: 2011-Jun

= pp? » '
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500 \b\\ \\\\\\\\ ‘ -
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3 1f T CMS: ] bt

: + LHCb: 300pb-! 1

08 :_ = Observed _:

p-value background only: 8% M . YU (E;:Celgf:u: oo

p-value background + SM BR: 55% 04 -

CDF: |8_0'9 X IO_9 02 | _

Br(Bs— M) < Il x 107 @ 95% CL [ i

e —

0 15

Given that the 95% CL is still 3.4 x SM, there BR(BY — ) [107]
remains plenty of room for NP, keep an eye v

in the near future! < 11x10” @ 95% CL 16



X‘s - —(0 =Y = X
) Ba,s <\ Bg’s . e meos — po
/’L_ Z\/Y
Direct semileptonic Neutral B meson oscillation
decay and then semileptonic decay

Nop(ptp™) = No(p—p”)
Np(pFp®) + Np(pu=p™)

e D@: Evidence for anomalous dimuon charge asymmetry, (6 fb™ PRL 105, 081801 (2010))
3.20 deviation from A%, (SM) = (—0.02375-002)%

e Measure CP violation in mixing via | A% =

D@ Update 9.0 fo’ arXiv:1106.6308, sub. to PRD
A = (—0.787 £ 0.172 & 0.093) %

Now a 3.90 deviation from SM prediction

2 same sign muons: one B meson has necessarily oscillated.
Combination of B4 and Bs asymmetry:
B4 asymmetry is zero (B factories) = hint for new physics in Bs




Link with CP violation in B

Golden mode,
Hadron Colliders

05«7/1049 _2/6.5 — _2/851\[ s\ P BU decay ]/L’D
—(0.038 = 0.002) 1n 2[))
Vts VtZ)
‘Squashed” (p,n) YV.* Rl vnolatlon th.rough
Triangle - csteb g interference of diagrams
/ =  With and w/0 mixing
%’4 LHCb preliminary
Link with dimuon asymmetry: O e RIS

L P
g ——- SIN Qg = — tan ¢
” | M 12| AM,

Fabrice Couderc
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_+_

Ams = 17.725 £ 0.04] £ 0.025 ps'

o 04 02 03

t modulo 2n/ Am. [ ps ]
NB: Amgq ~ 0.5 ps!
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Link with CP violation in B

Golden mode,

Hadron Colliders

J SM | NP
$I/% o 28, = —265M 4 ] RO decay 1y
~(0.038 + 0.002) S st 5 [)’ =
- ’5 |
\ />)/+ BE} 6{@ Ddec ™ 0
Vts th :
"SquasheX  (p,n VARV CP violation through
Triangle : cs¥cb 8, interference of diagrams
=  With and w/0 mixing
b 00 Run
Link with dimuon asymmelxy: 803 6. g

o _ TS

Al ,
g = M2 tan o,
S

AM, =7

a SN Qg =

Two completely different measurements at
the Tevatron deviates and point to the same

corner. But here comes LHCb....

Fabrice Couderc
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LHCH: B—>W D

~
[4

much more compatible with SM than current Tevatron measurements

04k

New result from LHCb with 300 pb-!
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This is NOT an official accurate overlay!! — only an "artist's view”

Bolek Pietrzyk

LHCDb results
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ﬂf@ mn B — K*[[

Context
Asymmetry FB of the lepton system vs its g is very sensitive
to new physics.
Some hints of deviations from B-factories and CDF

o
< 1.5

1

Fabri q2 [GeVzl 04] 9
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top physics




ttbar Cross Section

]

JLdt=0.70 b

. 4 Jets

y + Jets

. =5 Jets

|t
0 W+Jets B Other EW

3 Jets

B QCD Multijet =

e + Jets
. 4Jets

.

’:#“N...‘“....jkt'.. “{’.’? ‘_.’. “0‘*} +... ++ +ﬁ '# ‘§’.‘? ‘+ f.".mtw‘.) “* '..: ’j ‘Q‘“"’Oi“”’_ E Hé ’ ‘ML' # {’ 1 4

+

e most precise measurement: in the |ljets @ 2400
channel 2 2000

- fit the number of W+jets together with the 1600
humber of ttbar 1200
- fit the systematic uncertainties to reduce them 800
400

Altas new result E 1.5

w/o b-tagging 2 10

w/ profiling B 05

e cross section in different final states

(consistency of the SM)
- Tevatron: in almost all the channels
- LHC: apart from ljets and dilepton, now measurements in
alljets and pr
- agreements between the different channels
e inaddition to the cross section, fit R

_ B(t—Wb) Vi |2

R — —
B(t — Wgq) Vi 2+ | Vi |2+ | Vig |2

ljets+dilepton: |[Vis| =0.95£0.02 assuming CKM unitarity
(agreement with the SM: 1.6 %)

Fabrice Couderc Summer'l | conferences s
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tthar Cross Section Summary

August 2011
o) O R . e . B e I e e e e I L B Y L B
= ey —SheEl) CHOLN(DD) ® Atlas (0.7 o, prelim.) .
b':: | £:Approx. NNLO (pp) CMS (36 pb”", prelim.) ) _"L_:-:J_::,,.:.-
—NLO QCD (pp) —
102 — - -Approx. NNLO (pp) >
d = woor
t s

10

Tl
1_411'7'{3;‘]1- "N S T [N O T MY 1N USR] (B VOO N G O N T 0 |

1 2 3 4 5 6 7§ 8
\'s [TeV]

decay channel combined

for my; = 172.5 GeV:

CDF (up to 4.6 fb™") o(pp — tt) = 7.5 = 0.31(stat) = 0.34(syst) £ 0.15(theory) pb
DO (5.6 b1, arXiv:1105.5384)  a(pp — tt) = 7.5670%% (stat + syst + lumi) pb

Atlas (0.7 fb~1) alpp — tt) = 179.0 £ 9.8(stat + syst) + 6.6(lumi) pb

CMS (36 pb™1) o(pp — tt) = 158 £ 10(uncor.) £ 15(cor.) £ 6(lumi) pb

Measurements agree with the QCD predictions

2 < l
\! t_
00000 t
00000 — f
~ 65 o/o
~ 66 o/o

Future measurements will focus on differential cross sections

Fabrice Couderc Summer'l | conferences summary
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TJop. Quark Mass

e why measuring the tfop mass precisely ?
- predict the Higgs boson mass together with the
W boson mass
- consistency of the SM and possibly with the
direct Higgs measurements

e Tevatron:

- most precise measurements using the matrix
element method

- new channel : CDF MET+jets

e new Tevatron combination
- uncertainty below 1 GeV for the first time
- all channels give consistent results
- still working on decreasing the systematic
uncertainties

e LHC in the ljets channel:
- CMS: ideogram method
- Altas: 2D template fit (Mtop, JES)

e mass difference: Mt-Mtbar
- CMS: Amy = —1.2+ 1.2 (stat.) £ 0.5 (syst.) GeV

- CDF: AM,,, = —3.3 £ 1.4 (stat.) £ 1.0 (syst.) GeV/c?

Fabrice Couderc

Mass of the Top Quark
August 2011 (* preliminary)
CDF-l dilepton 167.4 +11.4 (+10.3+ 4.9)
; o
D@-1 dilepton 168.4 +12.8(£12.3+ 36)
. Sttt
CDEF-ll dilepton 1706+ 3.8 (+ 22+ 3.1)
: ——
D@-1l dilepton 1740+ 3.1 (+1.8+25)
: &
CDF-l lepton+jets 176.1+ 7.4 (+5.1+523)
. o
D@-I lepton+jets 180.1+ 5.3 (+3.9+386)
CDF-Il lepton+jets 173.0+ 1.2 (+ 06+ 1.1)
, - -
D@-Il lepton+jets 1749+ 15 (+ 08+ 1.2)
. o
CDF- alljets 186.0 £11.5 (£10.0+ 5.7)
> 3 e
CDF-Il alljets 1725+ 2.1 (141 1.5)
®
CDF-Il track 166.9+ 9.5 (+ 9.0+ 29)
—.—
CDF-ll MET+Jets * 1723426 (+ 1.8+ 1.8)
g L
Tevatron combination * 1732+ 0.9 (+ 06+ 0.8)
(= stat = sysy)
y?/dof = 8.3/11 (68.5%)
: —_ —

Atlas leptontjets * 175.0+ 2.8 (+09+27)
CMS lepton+jets/dilepton * 173.4+ 3.3 (£1.9+27)
| | | | | |
150 160 170 180 190 200
My, (GeV/c?)
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W Boson Helicity In Top Decays

e motivation:
- test the SM at the electroweak scale

- new physics could affect the helicity, no right-handed W in the SM
b

e measurement methods: . 08 — Lfchanded
. T > S [f0=0.7, =03, f,=0 | imsudina
- template fit of the cos6* distribution S| Sosk o
(angle between the lepton from the W boson and the top S
direction in W boson rest frame) 0.4}
- matrix element (ME) ok
e combination of the latest Tevatron results: - 05 0 0.5 6*1
- taken correlation into account cos
both when fo and f. are floating or only one of them - CDF + D@ preliminary combination
1 S L=27-541b"
fo = 0.732£0.063(stat) = 0.052(syst) BN _
(2D) 0.8 * Combined result
fr = —0.039 £0.034(stat) £ 0.030(syst) "t eyl * SM value
i N o CDF I+jets
0.6/ T .. © CDFdilepton
e Atlas result: 7 1 68%and95% . s DY ‘
- dilepton/lepton+jets template (0.7 fb) 04r ; G- contours o
already the same precision as the Tevatron combination: g2 .
fo = 0.75+0.08(stat + syst) (1D) o S
i Boundary of allowed region
Measurements agree with the SM predictions 020 o2 04 06 08 1

Fabrice Couderc Summer'l | conferences summary 15



Top Pair Spin Correlations

e inthe SM, the spin of the top and of the antitop are produced correlated

- correlation preserved in the decay products

- can be affected by new physics = 7" o t
* measurement methods: 4 < q 9220000, 4000000 g
- template fit of the cos6: cosO: distribution gl ; ,/’ 1
t t 0

(6: angle from the down-type fermion wrt spin basis in the top/

antitop rest frame) or A® = |@1.-B1| (in the lab frame) - matrix element: measure f: fraction of events

S R RN LATLELS AL BB ERAS BAERE R with spin correlation using a template fit of R
3;,500; . data Dilepton channel P g mp fit of
w Ut ATLAS Preliminary 1 :
it (A=0) LS £=0.85 +/- 0.29
_ Il single top det=070 o'
4007 5 DY4jets S s f>0at3.l O
~ diboson F 1 ! 5
- fake leptons i B :
300, ™ i B
Z 0.6} -
} ‘ °°°°° -— y 7
200 SR * i
T T 4 0.4
L oot E dilepton
100/ | :
| .4 0.2 68.0% C.L.
e S — STy
0 ‘ g
0 0.5 1 1D 2 o0 3 | .
o . AO 1 0 1 2
helicity basis, A=0.34015 4 f
meas preliminary

A5M20.32
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Top-Antitop Charge Asymmetry

e At NLO, QCD predicts an asymmetry for tt produced via qq initial state

Tevatron

top

A, of the Top Quark
23 N Kidonakis July 2011
PRD84 011504 (2011)
] V Ahrons ot al

COF W

COF DIL®

CDF combined*

DO LJ*

L . .
04 02 0
Fabrice

arXivi 1108 6051v1 (2011)

L] W Hollix and D. Pagani
arXiv 1107 2606 (2011)

anti-top

—_—— 0.158 + 0.074 w0072+ 00%
(53)
©°
0420+ 0.158 »0 1850+ 0 08¢
(5.11)
s 02012 0.067 («0008 . 0018
(» 980 » SyMt
w——  0.196 2 0.060 ‘3o
(5410)
| | | |
0.2 04 0.6 08

LHC top

anti-top

smaller at LHC since
low qq fraction

n
~ N(AJY| > 0) - N(A]Y| < 0)

€= NG S0 Nay <o AYl= 1Yl -]Yd

g‘mF‘I T T ' L. 4 L2 ] L2 & LS ] T e LS ] LZEN S 2 ‘[ L 2R 2 §
g " ATLAS Preliminary pezdjets(btag) | e O ' _ _
1200'.',[""””“ Lg:& ] § 0.15-1.09f " at\s =7 TeV — data
L 0 Zojets MC ' o = I+jets
1000 Diboson MC S 01
- M Sngle top MC 4 oS ¢
E mcco ‘ < 005
800} ~ Euncertainty | |
: S }
600 0.05!
a00} 01|
: 0.15!
200r ) :
b 0200 300 400 500 600 700 800 900 1000 1100 1200
. J M,  [GeVicT]
-3 -2 -1 0 1 2 3 o
AR

unfolded data

—0.024 + 0.016 (stat) & 0.023 (syst)
—0.016 £ 0.030 (stat) "9 01g (syst)

SM prediction

0.006 (MC@GNLO)
0.0130

Altas: A% (0.7 fb~')
CMS: A% (1.1 fb-1)

Currently no deviation from the predictions at the LHC

Summer'l | conferences summary |7



Top-Antitop Charvge Asymmetry

B i DO, 541"

[l W+jets
[ Multijet
¢ Data

IIIIIIITIIITIIIITII]IIII]1]

Ay
Charged signed lepton asymmetry
£ 1605 o DO. 541"
5 uof; 7] Wejets +

1205 [EMultijet
* Data

»

-
100}

>

P; of the tt pair

§ o0 : DO, 5.4 " [ T MCENLO
& 800 @ ] wsets

700

800

500

400

300

200

100

Reconstructed T transverse momentum [GeV)

Fabrice Couderc

4t.t. .

Inclusive asymmetry consistent at DO and CDF,

but,not deEendence on Mtt not so much

Summer

N(Ay > 0) — N(Ay < 0) AY =Yt — Yg

N(Ay > 0) + N(Ay < 0)

Forward-Backward Top Asymmetry, %

Reconstruction Level
m; < 450 GeV
& {
D@, 5.4fb" 7.81+4.8
e
CDF, 5.3fb" -2.2+4.3
m; > 450 GeV
i L 2 {
DD, 5.4fb 11.5+6.0
: s 2
CDF, 53fb 26.6+6.2
S. Frixione and B.R. Webber
JHEP 06. 029 (2002
1111111L11111111111111
-10 0 10 20 30
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top in a nutshell

we know already a lot about the top quark
Tevatron: focusing on the legacy measurements

LHC top physics is only warming up |

Fabrice Couderc

| Property

Measurement

SM Prediction

Luminosity () |

o, (for M, = 1725 GeV) pp — Ut CDF: 7.5 % 0.31(stat) + 0.34(syst) £ 0.15(theory) pb | 74673 23 pb up to 4.6
DO: 756757, (stat + syst + lumi) pb 5.6
pp -+ it Atlas: 179.0 £ 9.8(stat + syst) £ 6.6(lumi) pb 1646 :l : pb 0.7
CMS: 158 = 1{uncor,) £ 15(cor.) = G(lumi) pb 0.036
Tibq (for My = 1725 GeV) pp —+ Ut CDF: 0.8 £ 0.4 pb (M, = 175 GeV) 2.26 £ 0.12 pb 3.2 ]
DO: 2.90 £ 0.59 pb 5.4 |
pp - tt Atlas: 90733 pb 64625, pb 0.7 |
CMS: 83.6 £ 29.8(stat + syst) £ 3.3(lumi) pb 0.035 |
aw (for My = 1725 GeV) pp = th CDF: 1872 pb (M = 175 GeV) 1.04 4 0.04 pb 3.2 '
DO: 0.68°535 pb 54
pp — th Atlas: < 26.5 pb 0.7
| owe (for M = 1725 GeV) pp —+ Wit Atlas: < 39.1 pb 157414 pb 0.7 |
| Vsl CDF: |Viy| = 0.91 £ 0.11(stat + sys) £ 0.07(theory) 1 2
DO: |Vis| = 1.023017 5.4
R =B(t > Wb)/B(t + Wgq) CDF: > 0.61 @ 95% CL 1 0.2 |
DO: 0.90 £ 0.04 5.4 |
algg — tt)/a(pp — 1t) pp — U CDF: 0077502 018 1
M, Tev: 173.2 4+ 0.9 GeV - up to 5.8 |
Atlas: 1759 % 2.8 GeV - 0.7 |
_ CMS: 1734 £ 3.3 GeV - 0.036 |
M, — M; CDF: —3.3 = Ld(stat) £ 1.O{syst) GeV 0 5.0
DO; 0.8 + 1,.8(stat) £ 0.5(syst) GeV 3.6
CMS: ~1.2 £ 1.2(stat) £ 0.5(syst) GeV 1.1
W helicity fraction Tev: fo = 0.732 £ 0.063(stat) = 0.052(syst) 0.7 up to 5.4 |
' Atlas: fo = 0.75 £ 0.08(stat + syst) 0.7 0.7 |
Charge CDF: -4/3 excluded @ 95% CL 2/3 5.6
DO: 4/3 excluded @ 92% CL 0.37
| T CDF: < 7.6 GeV @ 95% CL 1.26 GeV 13 |

spin corrclation

Charge asymmetry

pp — tt, beam

pp —+ tt. helicity
pp — tt

pp — tt

DO: 1.99°0%7 GeV

CDF: 0.72 £ 0.64(stat) £ 0.26(syst)

DO: 0.66 £ 0.23(stat + sys)

Atlas: 0341513

CDF: 0.158 £ 0.074

DO: 0.196 £ 0.065

Atlas: Al = —0.024 = 0.016(stat) £ 0.023(syst)

4010

CMS: A = ~0.016 £ 0.030(stat) ", 5,q(5yst)

-
wyopnn 400 02T

0077 g 012

0.32
0.06

0.006
0.013

up to 2.3
5.3
5.4
0.7
5.3
54
0.7
1.1
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Higgs boson(s) searches

NB: Journée Higgs SPP le 2 novembre 201 I.
Presentations detaillees de tous les resultats de |'ete.

20



Higygs searches

Impressive showing from LHC. This summer saw the really transition from

Tevatron to LHC FE = | EF-
(a)gg — H (b) VBF © ' “ff,
2 = &L — 8
£ = | £
2 ¢
1§ = 1| .
i §107 .
I o ;
1072
' - -3 . A A :
100 200 300 400 500 1000 107 300 200 300 500 1000

M, [GeV
M, [GeV]

Strategy is mass dependent, because the Higgs boson branching ratio

changes a lot with the mpu:

- at low mass inclusive H—bb with H channel can not be used
(mostly H—YY is left at LHC).

- background, hence sensitivity, very much depends on the final state

- Combine a lot of different channels, both at LHC and Tevatron

Fabrice Couderc Summer'l | conferences summary 21



Golden channels at LI C

Low mass (mH<|40 GeV):H — vy
very good mass resolution (~1.5%),
very low BR (~0.001)

: Dominate search
quite a lot of background

for mpy < 120 GeV

Intermediate mass (mn>120 GeV):
H—»WW-2(2y

very poor mass resolution (~10s GeV), higher BR,
low background (diboson)

Intermediate - high mass:
H—> ZZ—4( cleanest mode

§ 6 DATA
very good mass resolution, small BR, low background £ = :Z*“
% 42 R, I n\ﬁJSOGeVIc,.
High mass only (mn>200 GeV): PN | e
H-— ZZ-’Z[%q [ 22V LR |

quite good / poor mass resolution, good BR, i |
small background at high mass. |

900 200 300 400 500 600

Fabrice Couderc Summer'l | conferences su M, [GeV/c?) 22



SIM Higgs vesults (1)

Combine all channels 745 piciminay clslimts
Z |cMSPRELIM 5=7TeV T [ Oncaned | || — Observed |
e Combined, L  =1.1-1.7 fb” xpected + 16 ---- Expected
e int s Expected + 1 P
S 10: ------- Expected + 2o 1E +16 ILdt-1 O23fb—r:
= e e || o \s=7TeV -
Jj |
O - el o R o
O\o .......
> Ny 0000 T =
100 200 300 400 500 6(————lo ol ol
Higgs boson mass (GeV/c?) 200 300 B 400 SOOmH [GeG\/C}O
CMS Exclusion @ 95% CL Atlas Exclusion @ 95% CL
|45 < mH <216 GeV 146 < mH < 232 GeV
226 < mH < 288 GeV 256 < mH <282 GeV
310 < mH <400 GeV 296 < mH < 466 GeV
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SIM Higgs vesults (2)

* Overall broad 20 excess in the region 130-150GeV for both

experiments, this is due to WWYV,

® Fluctuations in the observed curves are due to a superposition of three different
sources: high frequency for good mass resolution modes (short correlation length),
low frequency for WW mode (long correlation length), low frequency at high mass
because Higgs natural width is large. Look elsewhere effect (LEE) factors are not
straightforward.

From associated W/Z+H prod.

e | ow mass caveats (my < 125 GeV):
( ) Tevatron Run Il Preliminary H-bb Combination, L <8.6 fb

- sensitivity is not yet very good (will

= N ... . xecYe | 110 Expecte

need statistics) ® o Gount Y o hooa
- for now poor sensitivity to H=bb ~ E L s

which is important to test the EWSB. - R
- H—bb still the domain of the ‘\ﬁ

Tevatron o
- A new hope: H—bb tagging @ LHC 1

Tevatron exclusion @ 95% CL _
i < 109 Gey 100105 110 195 120 125 130 135 140 145 150
|56 <Mmy < | 77 GeV m,, (GEV/Cz)
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MSSM Higgs searches

- MSSM is a two Higgs doublet model = 5 physical Higgs boson:

3 neutral (h/H/A), 2 charged (H*") . t
- coupling to down-type fermions proportional to tanp. ::;}H<

-tanf > 10: H =27t /H — bb: 10%/90% g :

- produced via b-quarks tanf r

- can only exploit TT channel (bbb only done at Tevatron) b H <

- tanP ~ 40 theoretically interesting (mep / My ~ 40) " bt
g rrov R gt GOCMS Preliminary 2011:1.1 fb’

50
40
% .,."’ ,.""95% CL excluded regions
a S SO YU e — © A/ 8900900 .. 7+ [[_] CMS observed
:;J ot f.‘_‘.?'f’:i‘?:'v"‘” ] g 3 et +~ BN e ,,-.‘."". ------ +1o theory
- o’ e (400) Mot me120 3 20 v CMS expected
ok Dz : e B DO 7.3 b
sf — (O B Gl e o BN LEP
4F Saco E : "_._""'_ we CMS 2010 observed
i : 10 “ aasess CMS 2010 expected
£ MSSM m™* scenario, M =1TeV
SUSY
% 100 200 300 400 500 0 Vip'sey Lt . i pirai
m,, [GeV] 100 150 200 250 300 350 400 450 500

m, [GeV]
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Charged Higgs In pp =2 ttbar Decays: EPS Results

Ns=7TeV 1.1fb" CMS Prellmmary

-'f"'\ 0_3 I | | | I | L | T | [ | L l IIIIIIIIIII

€I - t—H'b, H v —&@- Observed =

0O — Hadr. T +en final states -

0.25 "~ BR(H' _),[V) =1 --l-' Expected median -

_:]_: ) B I:I Expected median 1 ¢ -

- — — E B |:| Expected median 12 ¢ =

tt — HY W™~ bb — Tuvlvbb m 0.2 -

1 P~ i i

< 8 : :

H = - _

, H; =0.15] :

i - —_ - =

//L\\ b _I | |

O 0.1 h

o - -

f o~ i ]

3 0.05] i

b TUr el -

,. i . - ]
"2 ’ 0 111 I 1111 | 1111 I 1111 I 1111 | 1111 | 1111 I || I 1111 | 111

80 90 100110120130140150160
. m.. (GeV/c?)

Tevatron limit: 0.15-0.2
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4th genevation of quarks

4th generation relaxed the tension in the EWVfit
and allows for a higher mass Higgs boson. It
enhances the Higgs boson production by ~9.

Higgs limits assuming a 4th generation of quarks and leptons:

@ © ATLASPreliminary  CLsLimits -
° i + Observed 4" Generation Model -
(=
— 10 --- =
E OE Expected _[ Ldt=1.0-2.3 0"
E—,E 1 ;
()] [
10" = E
-1D-E_|||||||||||||||||||||||||_
200 300 400 500 600
my, [GeV]

Other exotic fermions are still alive and interesting, but the

sequential 4th generation is in deep troupble!
Fabrice Coud
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BSM searches
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CDFf W+zjets saga

Bump confirmed by CDF at EPS| | and LPI | (~40)

In the meanwhile at Higgs Hunting: CDF speaker was much less aggressive
(potential very nice and clever experimental reason)

Not much in DO data and not clear what to expect at LHC

200

I 1 | ] 1 ] | | 1
—=»— Bkg Sub Data (7.3 b’ i CheCk:

1 W(PeVv)+2j vs W( UV)+2j

= Gaussian

h L, — | there is really something in
‘ - WW+W/Z (all bkg syst.) L.
i ! —e 1 the di-jet mass spectrum.
100‘ - 1 LPI| speaker presented a
I | full battery of tests but one,
: f 1 shown at Higgs Hunting
e + Worlkshop (also by CDF
o1 ' H* it speaker)
[ ~ bkg subtracted
100 200
M, [GeV/c?
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CDFf W+zjets saga

Bump confirmed by CDF at EPS| | and LPI | (~40)

In the meanwhile at Higgs Hunting: CDF speaker was much less aggressive
(potential very nice and clever experimental reason)

Not much in DO data and not clear what to expect at LHC

T T T Ll | 1 1

{—'— Bkg Sub Data (7.3 fb ’)‘ + Check:

! S | yndr 7821781 s e ]S W(— uv)+2j
4 s ‘ —=— CDF data (7.3 fb") . .
: L,. 3 —— Gaussian 23% || something in
1 Bl WW+WZ 45% |
i ! o0 1000 " W+Jets 79.3% S spectrum.
- | B ! Top 6.6% :
100_ 7 + ‘qc-; | =* -Z+iet5 2.6% Presented a
I 2 :‘j e tests but one,
L A T | [ " :‘1 115 Hunting
] IJ: II{J‘{ 500_ so by CDF
oﬁ(‘" ' |
[ 1 1 J L t
100
21
M, [GeV/c? .




CDF W+2jets saga

": m: DO 43 fb-l 4~ Data - Bkga
Z 3 b P Bkgd + 154
S 250F B Diboso
= - [ e Ganssaan (4 pb)
> a3 T M, = 145 GeVie®
£ 150F
= 100 P(x?) = 0526
S0F
0
_': PEPEE BPRPET S PR Al s sy L a4 o
% 50 100 150 200 250 300

~ | I .

l = ol
N ¥ coFRunuPrummry.Jl.=ufb" 5

\'_ 1.1 | == Data - Fakes -
w I PPReeS MC, JES 0 A
§ ' - === MC, JES -20 (Gluons) .
10sf- Losee: MC, JES -1o (All) -H ~
“true” jet PT 3 + :
determined [ + + ;
from Z+jet 095;:-{:" N + ++ :
balancing ' + s
0.9} 3 l -
-1 05 0 05 1
Jet QG Value

Dijet Mass [GeV/c')

Z-Jet Balancing: Jet QG Value

Parton composittion in W+jj,CTEQSL, u? = M, + p?

Best agreement found when :
* Quark jet energy scale left alone

* Gluon jet energy scale shifted down in MC by 2 Sigma

B.Kilminster, Higgs Hunting

T
T
E GG
QQ
0.6 QG
N GQ
- 0.5+
—
=
S
o 04
e
o -
c
2 0.3} y
o <
g
“ 0.2f
Ll “li gyt ‘,‘",A_._‘»‘_‘\“ﬁ‘.v "ﬁ‘l,"'A\ A
"‘.,‘\‘/‘; . »

™ -
|

e
—

!

| | l | y 4 | [ | i 1 1 4 l [
% 50 100 150 200 250 300
M, (GeV)

Also, explains why W+jets and
Z+jets do not have mis-
modeling when b-tag is
applied (due to quark
enhancement)
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Fabrice Couderc

mATLAS:
-»Cut on MET and m 4

H; = scalar sum of all jet E;

Entries / 150 GeV

105 [ 1 ] | | ] | | || | ] 1] 1] ] 1 ] 1 1] ] 1 ] | oAl | 1 1 ] 1] ] || I
e Data2011 As=7TeV)
-1 — SM Total
10° JL dt ~ 1.04 fo (] QCD multijet
. ) W+jets
Four Jet High Mass Bl Z:jcts
10° Channel (Jtt and single top
----- SM + SU(660,240,0,10)
10° ATLAS Preliminary

10

—

E . :ooq:
10.1111 L ‘151:11111

2.5E
2
1.5E

1 - S csccepnnchecccscsscsccsscnsnnnssnnsnsccccccccecens
0.5
05k
0

DATA /MC

500 1000 1500 2000 2500 3000

o m., [GeV]
m.s = Hy + Missing E- [GeV]
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B “Workhorse” of SUSY search /

P =mm——— > € p
4// 7
escapes
detection

m CMS explores various techniques:
- O; = 2" jet E; / Trans. Mass

CMS Preliminary 2011 PAS-SUS-11-003
0 AR | AR RSR RELE B
& I
o >
o -1
S 10°k _[Ldt=1.1fb ,Ns =7 TeV
I
d>> o) . Data
w10° Standard Model
S —— QCD MultiJet
o —— W, Z + JOAS
z —— LM4
10% ] JH 0 e LMé6
r
10 1 I-.l F JF
.- W ai
1 —J s it 1t 4|
; 1 T
10" [ 1T

0 02 04 06 08 1 1.2 1.4 16 18 2
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B Exclude up to~ | TeV cMSSM basically ruled out, will need to

for m (Squal‘k)—m (gl Ul no) look for more evolved models
(NMSSM, gMSSM...)
Squark gluino-neutralino model (m =0 GeV)
'—'2000 T 1.1 B ™ T —— 2P
> ‘ I‘ "1y ATLAS Preliminary
8 : 0 lepton 2011 combined x5
=~ 1750 | ' s CL, Observed 95% C.L. limit CMS preliminary a,, [Ldt 1 1fb" \s=7 TeV
2} | §' ! aaa. CL, median expected limit - T T ' —T
g . (R exp. limit 68%, 99% CL % 2 Q—S%CL ‘L"m"ed Limit (NLO), CL, - COF s g6l
< 1500} 3% & | | — — Observed Limit (NLO), PL’ N D0 7,7, tanje3, ucd
a ' \\ — 2010 data PCL 95% C.L. limit g B i = Median Expected Limit * 1g, PL1 - LEP2 , a
% ) L™ = 1.04 o, \s=7 TeV ] N 600 === Observed Limt (NLO),FC, 2pb" "~ ) ey
1250 | 41 €

Geysy = 0.01 pB]

1000 -

tanB:10,Ao=0,p>0 y

DO, Run |l

750 - 400

500 =
B age=10p0 71 F NN\ G

applies to - 200 : 2 —
0 <m < 200 GeV : 1308

250 |

TP e T e P e B e ]

0 500 1000 1500 2000
0 250 500 750 1000 1250 1500 1750 2000 m, (GeV)

gluino mass [GeV] CMS-SUS-11-003
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Search for Heavy Resonance: dilepton channel

® Randall-Sundrum KK graviton excitation

® Neutral heavy gauge boson

® Technihadron CMS-EXO-11-019
%1051[]1!]][]7[]7!]1[1]]1[[]
0 N R : . —TT T Q) CMS preliminary \s =7 TeV J.Ldt=1.1fb'1
T 107E Ty
- ATLAS e ~ 1¢¢
> 5 DZ/Y 3
w 10 E J‘ : [CJDiboson 5
2 Ldt=121fo° BB > 10°
1 04 Egg‘[j)ets - - tt + other prompt leptons
10° AR ie (3Z/(1000 GeV) 108 jets (data)
(1Z'(1250 GeV)
(1Z'(1500 GeV) 10

o

: | i
) - N
10 ,

Yot ! ! Y T e e A . g
80 100 200 500 1000 2000 10° =500 200 600 800 1000 1200

arXiv:1 108.1582 m(U*H7) [GeV] m(ee) [GeV]
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Search for Heavy Resonance: dilepton channe

Rl ool

Randall-Sundrum KK graviton
excitation

Neutral heavy gauge boson
Technihadron

-
—
B

lIlllIlllllllIlllllllllllllllll
ATLAS

\s=7TeV
Z -

--- Expected limit
B Expected + 10
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11 llllll

1 llllllll
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o Z'ssm
P Z’x
— Z'V
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i\
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—
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ol 2 0 | | | - | | |

-

04 06 08 1 12 14 16 18 2
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0.2
arXiv:1108.1582

Fabrice Couderc

Sequential SM:
m(Z') > 1.9TeV at 95% C.L.

RS graviton (k/M,, = 0.1):
m(G) > 1.8 TeV at 95% C.L.

CMS preIiminary,J Ldt = 1.1fb™
0.4 | J 1L ' |

ee+uI
median expected
e 68% expected -

: ' B 95% expected
Zssu i
Ly
B G, /V,-0.1

| Gy KM,,=0.05
—— 95% C.L. limit

-10™

0.3}

—

0.2

—

0.1
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—

| :
1500 2000
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'
.
'
.
¢ 1
LY !
.
- < N
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............
-
| ]

I l
500 1000
CMS-EXO-11-019
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Search for Heavy Resonance: Dijet

® Excited quarks, strong gravity, contact interaction

B Look for resonance above phenomenological fit of the data
Probing the quark structure beyond 4 TeV

arXiv.|1107.4771 ATL CONF 20II 095
IIIITII‘TTTITT‘ITITTTTIITTI[YIIT 1 hd b | d

—~~ T (V)]
10 r— 5 —
% - otk e Data i
Q ey QCD Pythia + CMS Simulation 3 107 E
n JES Uncertai _ - : J
£ S (1.8 TeV) neertainty o[ — Fit -
O 107 . - - Excited Quark = 10 : -
_8 a - - . String Resonance . : :
N n 2 \§ = 7 TeV
1o° “E [Ldr=08110"
o , S (2.6 TeV) - a=v :
“q* (1.5 TeV) * B .
\ 10 5 =
10° :
. 1E J— -5
10°* Vs=7TeV - ! = =
Inl<25&lmﬂ<13 a (23TeV) 01‘ 1
10" -
5 M, > 838 GeV E =
105 = P [ N I I R S | -
- Fat Jets "—_: Q) :I I T T T T I T 1 i T ] 1 i T ] T <
- — 0 -
8 af 3 c 2b E
£ 1F 3 S Oﬂ-’J“J'r‘—.i'.—.- -
4] 0F E h— .
= 1E - c -2 -
5) 2 M M N " == .g.) :1 1.1.1.1.1 1.1.1,'.1.1.1.~ 1.1.1.1.1:
%) 1000 1500 2000 2500 3000 3500 40( B 1000 2000 3000 4000 .
Dijet Mass (GeV) Reconstructed m [GeV
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£ |

Search for Jeavy Resonance: Dijet

Run Number: 179938, Event Number: 12054480

Date: 2011-04-18 17:57:29 EDT

m(jet-jet) = 4.0 TeV Missing E; = 100 GeV
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Search for Heavy Resonance: Dijet

Model
ATL-CONF-201 1-095

95% CL Limits (TeV)
Expected Observed

Excited Quark ¢~
Axigluon
Color Octet Scalar

207 2.91
3.02 3:21
L] 1.91

B Also providing model-indepe

— S S —
Q0 / o
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o
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= —-0.15
. 10" -+ 0.10 B
— - 0.07 s
O —~-0.05 :
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m —
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102 =
’-L l 1 1 § B " L L 1 1 i - A l )
1000 2000 3000 4000
Mass [GeV]
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Model Excluded Mass (TeV)

CMS arXiv.1107.4771 Observed | Expected
String Resonances 4.00 3.90
E¢ Diquarks 3.52 3.28
Excited Quarks 2.49 2.68
Axigluons/Colorons 2.47 2.66
W’ Bosons 1.51 1.40

ndent limits:
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Top-antitop Resonance

T
-
4

l]’lII]IlIIlIl'{IIIIIIIIll

=7TeV dRmin. Syst.+stat.

4

10°

o X BR(gKK—> tt) [pb]

Ldw R0l e e b ey
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-------- Exp. 95% CL upper limit

B Exp. 16 uncertainty

Exp. 2 ¢ uncertainty

™ T T
!
—

1

SATLAS
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Run Number: 180400, Event Number; 54251178
Date: 20110428 03:33:588 CEST
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ATLAS Preliminary
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B Entering the era of top-tagging!

20
18
16

Events / 5 GeV/c?

T

CMS Preliminary, 490 pb™” at\/s = 7 TeV
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=

mOAA  =82.75: 2.38 GeV
mite =82.00 + 2.22 GeV

M Top

Ll WJets

rlQco

* Data

- Data fit
. -- MC fit

el lllllll lllllllll
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. B wJlets
rlaco

* Data

——
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Subjet Mass Drop (u=m_ /m_,)
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-antitop Resonance

Upper Limit 6., x BR(Z' — tt) (pb)

_ CMS Preliminary, 886 pb” at\'s = 7 TeV
i Combined fype 1+1& 1;2 : ‘
Observed (95% CL)

Expected (95% CL)

* 1o Expected

10 '~_ + 20 Expected

o . = essssa KK Gluon, Agashe et al

---------- Topeolor Z°, 3.0% width, Harris et al -
----- Topcolor Z°, 1.2% width, Harris et al
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Jot 3
pt 47 .8 GeVic,
b-tag discriminant 4 2

//
Jet 2: Jet Pruning
pt 484 3 GeVic,

mass = 68.8 GeVic2
Jet2 + 3: Mass = 167

Jet 1 : Top Tagging

pt 589.1 GeVic

3 subjets,

mass = 186.7 GeV/c2,
minMass = 87.2 GeV/c2



A word on EW precision

measurements

40



W & OCD measurements

Precision EW and QCD measurements not covered in the talk by lack of
time and competence, but:

* LHC is re-establishing (quickly) the SM: measure all (V) and o(VV')

ATLAS Preliminary

det=0.035- 104"
Ns=7TeV
Theory

® Data 2010 (~35pb’)
Data 2011

Production cross section [pb]

TINE TITEER TUTREN TUTENN TUUNEN TUNeEy fi0mm oiemy foomm

o(W)-B(W — ev) ~10nb 0(Z)-B(Z—¢€e"e )~1nb
o(WW)-B(W — lv)* ~100fb 0(ZZ)-B(W —1t17)% ~ 10fb
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W & OCD measurements

Precision EW and QCD measurements not covered in the talk by lack of
time and competence, but:
* LHC is re-establishing (quickly) the SM: measure all (V) and o(VV')

* Differential V Pt distributions: sensitive to PDF high order QCD
correction. Establish ground base for searches (main background).
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£ , 666eV<m,<11GGeV | 666eV<m.<HGGeV
1 10 10° 1 10 10

. (Gevid] pi [GeV]

Fabrice Couderc CMS PAS EWK'1 0-010 arXiV.“ 1 07.2381 pf (GeV] al'XIV. 1 1 07.2381 42



W & OCD measurements

Precision EW and QCD measurements not covered in the talk by lack of
time and competence, but:
* LHC is re-establishing (quickly) the SM: measure all (V) and o(VV')

* Differential V Pt distributions: sensitive to PDF high order QCD
correction. Establish ground base for searches (main background).

* W charge asymmetry at LHC and Tevatron: important pdfs inputs...

10°

Q2 (GeV?)

LHCb

' GPDs | ly| <25

19<y<49

Fabrice Couderc
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W & OCD measurements

Precision EW and QCD measurements not covered in the talk by lack of

time and competence, but:
* LHC is re-establishing (quickly) the SM: measure all (V) and o(VV')

* Differential V Pt distributions: sensitive to PDF high order QCD
correction. Establish ground base for searches (main background).

* W charge asymmetry at LHC and Tevatron: important pdfs inputs...
* ho new YV mass measurement from Tevatron, winter conferences!
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