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45 Cross Sections and e $-Matcix 105

For a single target (A) particle and many incident, (5) pumrlps with different
impact parameters b, the number of soattering events i

N= ¥ m- /.m 75 P(b),
oy
Ll
whete 1 s the misaber density (partiles por unit ares) of B particles. Since
we are assuming that, this mumber density is constant over tho range of the
intoraction, 5 can be taken outside the integml The cross scetion is then
N &2 475
nsNA s 1 ./ P )
Dexiving a simple expression for o in terms of M is now  fairly straight-
forseard caleulation. Combining (4.75), (4.74), and (4.68), we have (writing
do rather than o since this is an infinitesimal quantity)

_(pfn 2 6 o) [ 8 )
do= (%w ZE/)/ "”(‘EE / & o V2E. )
e k) (o (pr ikl in) (m.(((PfH(!—%));H): (476)

where we have nsed ki and g as dummy integration veriables in the sccond
half of the squared amplitude. The d% integral can be performed to give
factor of (27)26) (kg - kg). We get more delta. functions by writing the final
two factors of (4.76) in terms of M. Assuming that we are not interested in
the brivial case of forward scattering where 10 intcraction takes plice, we can
drop the 1 in Eq. (4.72) aud write these factors as

(ol {psHH{k D) = iMU{ki} = {p}) (@R} 6O (ki - Tpe);
(o (PR ) = =M (R} = {p4}) (289 (T bt = Tpy)
‘We can use the. sccm\d of these delta functions, together with the 82 (kg —k),

to perform all six of the & mwgrzﬂs in (4.76). OF tho six-integeals, only those
over 5 and kg e some work

/ k5 dkG (Ra+kE — 03) 8(Ea+Es — .Ey)

- / iz (e + By

R

(a7

In the last line 2ad in the rost of Eq. (476) it is understood that the con-
straints K5 =k = Tpj sad B+ Bp = 5 By now apply (in addition to
the constraints £ = k% aud kf = kg coming from the other four integrals).

§14 The Spectral Sequence of a Filtered Complex 175

By Exercise 14.26, § is an antiderivation relative to this product. So just as
in the case of de Rham cohomology this makes the Cech cohomology
H*(l, R) into a graded algebra. If B is a refinement of i, then the res-
triction map H*(X, R) — H*(®, ®) is a homomorphism of algebras. Hence
the direct limit H¥(M, ) is also a graded algebra. Note that (14.27) also
‘makes sense for the Cech complex C*(, R) on a topological space X this
gives a product structure on the Cech cohomology H¥(X, R) of any topo-

ll’gw-lm the product structures just defined, both inclusions
QM) - CHU, Q%)

and
i CHAU R) — CY(U, Q%)

are algebra homomorphisms. Since as we saw in Proposition 8.8, for a good
cover these homomorphisms induce bijective maps in cohomolog;

Hpx(M) = Hp {CH(U, %)}

HH(W, R) > Hp {C*(, Q*),
the isomorphism between Hx(M) and H*(, R) is an algebra isomorphism.
Because H*(M, R) = H*(!1, R) for a good cover 1, we have the following.
‘Theorem 14.28, The isomorphism between de Rham and Cech

Hx(M) ~ HY(M, R)
is an isomorphism of graded algebras.
If a double complex K has a product structure relative to which its

differential D is an antiderivation, the same is true of all the groups E, and

their operators d,, since E, is the homology of E,., and d, is induced from
D. With product structures, Theorem 14.14 becomes

Theorem 1429 Let K be a double complex with a product structure relative
t0 which D is an antiderivation. There exists a spectral sequence

(B, d,: Bpe— Epmerty
converging to Hy(K) with the following properties:
1) The E* term is HE WH(K).
2) Each E,, being the homology of its predecessor E,_,, inherits a product
structure from E, . Relative to this product, d, is an antiderivation

WARNING. Although both E,, and Hp(K) inherit their ring structures from
K, they are generally not isomorphic as rings.
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(£E) Peskin & Schréder, “An introduction to Quantum Field Theory”
(B) Bott & Tu, “Differential Forms in Algebraic Topology”
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SFBUHFE T BLRDER
HHBBEES o ~ 1/137 DEHREE U TERHESINDS:

« a)\? A
ac=en(S)ben(2) v (S) oo
0 0 g

B 1, co, .. [ETPAYIIYHEWVWSEDEE > TEHESND,

| B | 7271Yv VU ik

c1 | +1/2 11@ [Schwinger, 1948]

cz | —0.3 7 {8 [Sommerfield/Petermann, 1957-1958]
c3 | +1.1 72 1@ [Laporta-Remiddi, hep-ph/9602417]
cs | —1.9 891 1@ [ARTF - {2, hep-ph/0507249]

cs | +9.2 12672 @ [FW - 2l - KT - 12, 1205.5368]
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https://doi.org/10.1103/PhysRev.73.416
http://arxiv.org/abs/hep-ph/9602417
http://arxiv.org/abs/hep-ph/0507249
http://arxiv.org/abs/1205.5368

o (AR B s L2 AR Lo @0 LB AT LD AR BN AN R A
LD AR [ o LT T L) M) £ A LD amm D AN a2
2o (2D B . L D L) oD AR Lol [\ £ FER M AR MR
L LN B oD L 4B LD a5 b AN 12N N BN [N AN A

L) @D D LD 4o B LA £ AD D D M fod MmN @ (B
mon (@ M LD DD LD\ zonn fd ADN LD B B BN MR A D
LD MDD D LD LD D KD A A D ) aD L MDD @R M
T [ R ok LT oz B Ao MDD RN A D IR [z
S [ (TN sz IR AR AL AN A L) S M L LD [N
£ [ (R ) TR o KD AN AD A LN A [N DN [
o D (B . T B KD KD AD LD LD D D) m (D
a2 DD I s D L) LD LD D (R a8 @ Lo aB [
o N B o D LA oo B AR L o) ) Lon a8 Lo
D D R a B O £ £ &2 LD\ BN AN LD 4 L
Lo M (B £ LB IR LI AR D [0 Mo AN LN R [
AR MR oo A LR T ) A [ (DN BN @D LD A LD
LN MR o BN L O LD AR AR LN A 2N LD\ L L)
LA AR o) L) LB [N £ond AR G LR AR ) [N 4 [\

Figure: 389 self-energy diagrams representing 6354 vertex diagrams of Set V.

T. Kinoshita () 34 /57

[http://www.riken.jp/lab-www/theory/colloquium/kinoshita.pdf]
(COARTHRAEDIOFIALRBIBICEEDHTT, )
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Figure 2: Hadron spectrum from lattice QCD. Comprehensive results for
mesons and baryons are from MILC (27,28), PACS-CS (29), BMW (30), and
QCDSF (31). Results for n and ' are from RBC & UKQCD (32), Hadron Spec-
trum (33) (also the only w mass), and UKQCD (34). Results for heavy-light
hadrons from Fermilab-MILC (35), HPQCD (36), and Mohler & Woloshyn (37).
Circles, squares, and diamonds stand for staggered, Wilson, and chiral sea quarks,
respectively. Asterisks represent anisotropic lattices. Open symbols denote the
masses used to fix parameters. Filled symbols (and asterisks) denote results.
Red, orange, yellow, green, and blue stand for increasing numbers of ensembles
(i.e., lattice spacing and sea quark mass). Horizontal bars (gray boxes) denote
experimentally measured masses (widths). b-flavored meson masses are offset by
—4000 MeV.

[Kronfeld 1203.1204]1 K D,
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https://doi.org/10.1103/PhysRev.65.117

0O(2): Scaling Dimensions
A
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Figure 5:  Allowed islands from the mixed correlator bootstrap for N = 2 after scanning
over the OPE coefficient ratio Asss/Aggs and projecting to the (Ag, A,) plane (blue regions).
Here we assumed that ¢ and s are the only relevant operators in their O(N) representations.
These islands are computed at A = 19,27,35. The green rectangle shows the Monte Carlo
determination from [17], while the horizontal lines show the lo (solid) and 3o (dashed)
confidence intervals from experiment [16].

[Kos,Poland,Simmons-Duffin,Vichi 1603.04436] & D,
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Yang-Mills and Mass Gap

The laws of quantum physics stand to the world of
elementary particles in the way that Newton's laws of

Almost half a century ago, Yang and Mills introduced a

Y
particles using structures that also occur in geometry.
Quantum Yang-Mills theory is now the foundation of
most of elementary particle theory, and its predictions
have been tested at many experimental laboratories, but
its mathematical foundation s still unclear. The

f Yang-Mills theory
y parti bt
the "mass gap": rticlg iti  even

though the classical t the speed of light. This prope ici

i iputer simulations, but it still theoretical
point of view. ishi i the Y
i fundamental new i inphysics and i
This problem is: Unsolved

http://www.claymath.org/millennium-problems
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Pin B3 O (BEXR) 3D _EHE,
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PIBEHNC C X TRIBZETI NG HEBBFOXMERTET,

1990 F O [Kirby-Taylor “Pin structures on low-dimensional manifolds”,
London Math. Soc. LNS 151, pp.177-2421 £ WS Xl zfE< & ...
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https://mathscinet.ams.org/mathscinet-getitem?mr=1171915
https://mathscinet.ams.org/mathscinet-getitem?mr=1171915

PIBEHNC C X TRIBZETI NG HEBBFOXMERTET,

1990 F O [Kirby-Taylor “Pin structures on low-dimensional manifolds”,
London Math. Soc. LNS 151, pp.177-2421 £ WS Xl zfE< & ...

[LERYN — wu/ou

gives the isomorphism in the following table.

QSFin = 7/2Z QPR =Z/2Z Q=0 QFrin =27
ofin” =7/2Z Qf"" =Z7/82 Q" =0 Pin—9

QPin* =g Qbint = z/0z aPin* =722l = Z/162

In §2 we calculate the 1 and 2 dimensional groups and show that the non-zero one

Aivnanainnel tnniine oea +ad her tha nivala with 4o Tia mcenin fonmine Q1

ZE = RITORBREARE RO Y DIVBIEEEE,
Z16 THEEIND!

CNEYMHEEBRELS > EYBNBERICEDW\WTEERRE
BHLTWB,
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https://mathscinet.ams.org/mathscinet-getitem?mr=1171915
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Kirby-Taylor A% 1990 &E(C Q)" = 7,6 ZSHE LI E = (S,
RROYAIBEDBBRBRELLSEZTVWEI212ERS,

LD UL Kirby-Taylor B5TEZ Y > THULT,
ODHDPILKIXEDHTHBHFET.
CBES(HEREFESIEIT TR,

TREFRSSWEDEFHZEP > TWTRUD DI,
BAEMEDIERDOEBZHFOBEBICIRET D L.
NEDDEIET, HEEHVBRECZENZRRL TS,
DS, HERZDRBREESLITTRL,

HEEBDHRGSh, ESHBHOMES !
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HEZBDHERBMIXD E(CE>7T) HOHTZVRIZ,

ERETFEBNEEAEENTHDDT, AMADFEBENOH SR TH,
BEELULTERZDZETT,

ANRTHAESY v FI 2 EBEDPHE K DHMOH > TLERL TH,
BB <fEZX5DERKRTT,

MIBEDHRIZEAE(EZF S (FLIDVERLY,
AR EBERABAR—AE LTWVWT, BELIBHOPB (T3,
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BOEFRICHTIEE
i
HBDEFimh 5 DEE
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BOEFRICHITDHF
i

BODEFRD 5 DHF
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E-SCN - R

1
J(r) = a-+196884q4—21493760q24—864299970q34—20245856

JEHE WS THZETIMMIENS STV,
HAR R,

- 19784, McKaylg2ED Z &lcan DU
LURHDOMNDZESTHIHBRHEEVAT—(F
TCDEN 8 - 10583 <H5VWHBDEITNE.
—FNS WIEBBABHWREDRITIE

196883
TH Do
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1
J(1) = p 196884 +21493760¢* + 8642999704 + 20245856

JEEE WS THETIOHEN SIS TWS,
BRI R EE 2L,

- 1978%F. McKayld2ED Z &lcxmn DU
UREHDOMND ZSTHOIEHERBEEV AT —IE
TTOHEN 8 - 1083 <5WVWHBDEITNE.
—&/NS LWIEBRBIHRIR D RITIE

TH Do
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https://en.wikipedia.org/wiki/Sporadic_group

Names of the sporadic groups (e

Five of the sporadic groups were discovered by Mathieu in the 1860s and the other 21 were found
between 1965 and 1975. Several of these groups were predicted to exist before they were
constructed. Most of the groups are named after the mathematician(s) who first predicted their

existence. The full list is:

. Mathieu groups 11, M2, Moo, Moz, Moy

. Janko groups J, J or HJ, J3 or HIM, Jy
. Conway groups Coy or Fp_, Coo, Cos
. Fischer groups Fipp, Fing, Fips' OF F3,
. Higman-Sims group HS

. McLaughlin group McL

. Held group Heor F7, or F

. Rudvalis group Ru

. Suzuki sporadic group Suzor F3_

. O'Nan group O'N

. Harada—Norton group HN or Fs, or Fg
. Lyons group Ly

. Thompson group Thor Fy3 or F3

. Baby Monster group Bor Fp, or Fp

. Fischer—Griesq Monster group M or Fy

h Fi2a
Cod  coz g,
Fi23
Mc  HS - J2 Mzay
Fi22
M12 m23 on
e M22 Ru g1 (33

Subgroup relations between the sporadic groups &
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- BADERBBIALPBRVD?
- J B RIZEEK
- BVRAY B BIREE

- ZNETERBRLGD > L DEFRDT,
Monstrous Moonshine
("EATHBRLS BREITIER)

EFEEN T,
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- QOFERVEEIC TR NI, BRICIE.
JBEEHIFEDRZ U 24 RTTDIRF
DHRZEELSRY VRIBRD PR TH I &
NEETH I,
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- T, 1989%F, EDORBFDARESA
DELHX TIF. K3&EWSHN > cZE=EZzE#<
BERDANRYT MU FTEE N

so are the numbers Vy; — 2N;.

F(r) = 90q + 462¢” + 1540¢® + 4554¢* + 11502¢° (23)
23
+278304° + 616864" + 131100¢% + - - -

http://ooguri.caltech.edu/documents/47-phd_thesis.pdf

- ZORBUCHZNERIFEVD ?
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FEEFER. RD K SBEZDOXEN B > fc

http://gdz.sub.uni-goettingen.de/id/PPN356556735_0094

Inventiones

mathematicae
© Springer-Verlag 1988

Finite groups of automorphisms of
and the|Mathieu group

Dedicated to Professor Masayoshi Nagata on his 60th Birthday

Invent. math. 94, 183-221 (1988)

Shigeru Mukai

IO A (EELVOARESADIEEHE)

"HDRBEOEN T VEREBRHBDIAL P ?
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- 2009 B, 7 AR,
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SIOT A, RESA, EEZAARSICWZDT,
HES5S—EZDHICDWTEZITHD I &I,

- B HFEHBOBRIDEREH THILSESH?
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KEX ADDiE:

so are the numbers Ny ; — 2N, 0.

F(r) = 90q + 462¢% + 1540¢° + 4554¢* + 11592¢°

(23)
+ 278304° + 616864" -+ 131100¢% + - - -
NP TS ey ) Parand
E/& ?E /\%IEIH&
61l H K 6
My, (1)* g | 123 7-36 23-11 23-77 55-64 45 22.45 23.45 2345 11-21 770
(1)* g | 23-21 23-55 23-88 23-99 23-144 23-11-21 23-7-36 77-72 11-35-27
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KEX ADDiE:

so are the numbers Ny ; — 2N, 0.

F(r) = + 462¢% + 1540¢° + 45544 + 11502¢°

(23)
+ 278304° + 616864" -+ 131100¢% + - - -
L S SR 4 37 A2 .
R R B PO AR
#el #H E 6
My, (1™ g | 123 7-36 23-11 23-77 55-64 lis' 2245 23-45 2345 11-21 770
(1* g | 23-21 23.55 23-88 23-99 23-144 23-11-21 23-7-36 77-72 11-35-27
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KEX ADDiE:

so are the numbers Ny ; — 2N, 0.

F(r) = +2 + 1540¢° + 4554¢* + 11592¢°

(23)
+ 278304° + 616864" -+ 131100¢% + - - -
Ll S S 234 ST PaVasd
E/& ?E /\%EH&
el B %x 6
Moy (l)24 g | 123 7-36 23-11 23-77 55-64 E‘ 22-45 2345 23-45|11-21|770
(1* g | 23-21 23-55 23-88 23-99 23-144 23-11.21 23-7-36 77-72 11-35-27
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KEX ADDiE:

so are the numbers Ny ; — 2N, 0.

F(r) : +2 +3 +4554¢* + 11592¢°

+ 278304° + 616864" -+ 131100¢% + - - -

el B %x 6

(23)

(1)* g | 123 736 23-11 2377 55-64 E' mmg’s-%ﬁ@'

(1) g | 23-21 23.55 23-88 23-99 23-144 23-11-21 23-7-36 77-72 11-35-27
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KEX ADDiE:

so are the numbers Ny ; — 2N, 0.

F(r) =[90} +[462y” +[1540)¢" + /1554 + 11502¢°

(23)
+ 278304° + 616864" -+ 131100¢% + - - -
Ll S S 234 ST PaVasd
E/& %E /\%EH&
el B %x 6
Moy (1)24 g | 123 7-36 23-11 23-77 55-64 |45| 2245 23-45 23-45|11-21|[770
(1* g | 23-2123.55 23-88 23-144 23-11-21 23-7-36 77-72 11-35-27
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KEZ ADD:E:

so are the numbers Ny ; — 2N, 0.

F(r) =[o0} +[462® +[1540)¢” -+ 45544+ + 11502¢° 2

+278304° + 6168647 + 131100¢° + - - -

61 X 6

My, (1) g | 123 7-36 2311 23-77 55-64 |45| 22-45 23-45 23.45|11-21 770
(1) g | 23-2123.55 23.88 23.144 23-11-21 23-7-36 77-72 11-35-27

XN D B |
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Notes on the K3 Surface and the Mathieu Group My,

Tohru Eguchi, Hirosi Ooguri, and Yuji Tachikawa

Experimental Mathematics,|20(1):91-96, 2011
Copyright © Taylor & Francis Group, LLC
ISSN: 1058-6458 print

DOI: 10.1080/10586458.2011.544585

https://arxiv.org/abs/1004.0956
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RRICBEFEICE>TEEAESN DD H 5!

arXiv.org > math > arXiv:1211.5531

Mathematics > Representation Theory

Terry Gannon
(Submitted on 23 Nov 2012 (v1), last revised 15 Mar 2013 (this version, v2))

Eguchi, Ooguri and Tachikawa have observed that the elliptic genus of type Il
string theory on K3 surfaces appears to possess a Moonshine for the largest
Mathieu group. Subsequent work by several people established a candidate for
the elliptic genus twisted by each element of M24. In this paper we prove that the
resulting sequence of class functions are true characters of M24, proving the
Eguchi—Ooguri—Tachikawa conjecture. We prove the evenness pm

multiplicities, as conjectured by several authors. We also identify the role group
cohomology plays in both K3-Mathieu Moonshine and Monstrous Moonshine; in
particular this gives a cohomological interpretation for the non-Fricke elements
in Norton's Generalised Monstrous Moonshine conjecture. We investigate the
intriguing proposal of Gaberdiel-Hohenegger-Volpato that K3-Mathieu
Moonshine lifts to the Conway group Col.

https://arxiv.org/abs/1211.5531
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- Higgs SAD@mXH SEETODERE T ~50 &F
- ESDRXHSHETODIHET ~3 F
- ZIEFRIFIREDYIEZRET 5DICiE

FERICIL > TWLRWLAY,
HE2EDOHEEFERIFEFECWSTWS,
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H3—DRIDER Lo

CHEEFE. EHDHFED 6 RITDIZOBHDATH
1%’&3&)#_%@%}%0}?‘3?(35’2/\;?%50

ZD 6 RITDZFDIBHE SO S3 x ST LTEZDE
WAWNWIEIBWM(CEBLC &EHFEE D,

St DIHEEHEEHERAFRED Alday S A, Gaiotto S A TR D7,

FNZEHRAT DO FEFBNR D BRVD T,
Rastelli é/\/ﬁ.gw'\bjfu S3 X Sl G)i% %DREH LJT:..L\
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—ARIC. 2 RITDIZDERE. 2 RITZE M, TEZ D&,

Z(Ms>)
rH 3,

6 RITDIBDIBSHA 4 RITZER S3 x ST LISBETIT B &N
6 —4 =2 RITTDZDIBFHICTE D,

Z( ): H I‘(tmil :I:IZ:I:I)
:I::l::l:p’q

=L ,
1 — 2 lpitightl

I'(z) = H 1

— nigk
D,q >0 zplq

(FHEMA Y VBRI E W S KRB

D BCRAEL
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HIE5&2EPPILWIIE LTI,

H I‘(tuilvilzil) H I‘(t:c:tl :|:1Z:|:1)
j{iiﬂ: P,q +--+ P.q dz

[T T (#22%2)[] T (2%2) 2miz
:l: p.q :f: p.q
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ST ARTEBROMBEZES & ROKSBEMHEFRS:

DO
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ERZYELS
[ T (tuilv:tlz:tl) 1 r (t:cil +1 :|:1)
7{ ++4 Pq 444 Pa dz
];[ ] q(tzz:ﬂ) 11 I‘ (ziz) 2miz
[T T(t :I:l,U:l:Iz:I:l) [] T (thl:l +1 :|:1)
_ 7{ ++4+pq ++4+pq dz
[T T (#222)[] T (2%2) 2miz
+ P9 + p,q

68/72



H I‘(tuilvilzil) H I‘(t:cil +1 :|:1)
j[ii:tp’q ~ +1L4pa dz

l;[prq(‘zziz\ T (=*2) 2miz
[ T ilvilzil)m:tlzil)

_ 7{ ++4 Pq ++4 Pq dz
[T T (#222)[] T (2%2) 2miz
+ Pq + D,q

ERZ3eE)
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INI(FBDIBFREIC K o T [Rastelli et al. 0910.2225 [hep-th]] T
FESNc.

Rastelli SAICKDE, TSVWSBHRRPRFELNRFSNZD T,
TRk > THRMA Y VEMOBPIRZRL THEHEXL THIZS UL,

3593, SEOBORENTEIMRALIEECBRTEXK EWoT
[van de Bult, 0909.4793 [math.CA]] ZB A THS527%>5 T,

. BEZOBERBELERBDIBDIE > ERBNEXT,
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RLUBD XY,

SEELEDIE. DNMERDNSWT—XR T,
HoERBICKERFEEHZATHDELT

o IS —XTRME
s YAN=T =014 vFTVAER

BEDH B,
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INSE, BOEBREBARZILRT DHENKIEARATLETH NS5 Z.

ZDHPHPULIEECBD—BPZTTICERBESET
HRELULTRODBLELSBEDTRERBWNWTUL & S8V

FRDEREHDD, KIEHTEBEEEROE T I EZHFL T,
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